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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
judgment 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 or implied, as to the software and documentation, including, without limitation,
any warranty of merchantability, accuracy, completeness, fitness 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
any damages 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: It is 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 result in an immediate nullification of the warranty provided by Power Smart
Control S.L.

7.Regulatory Compliance: It is 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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SmartCtrl pd
Design a predefined topalogy Opena...
— | DC-DC power stage and ]
J |H—-| o ] default file
cantral circuit design
Ii DC-DC converter - Single loop Iﬁ-D el eszelila..
Yoltage Mode Control or ACMC
[ﬁ DL-DC converter %D presdously saved file. .
Pealk: current mode contral
IEE DC-DC converter (>D sample design...
Average Current Mode Control =3
=L
v FFC Boost converter
[Ed
Dezign a generic topalagy Dezign a generic contral zustem
s-domain model editar i’ E quation editar

Import frequency rezponze data
from tat 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.
*Importing 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.

SmartCitrl 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 SmartCtrl 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 (Ctrl+N)

New and initial dialog Create a new project and display the initial dialog box

Open Open an existing project (Ctrl+O)

Open sample designs Open a sample design from the examples folder

Close Close the current project window

Save Save the current project (Ctrl+S)

Save as... Save the current project to a different file

© 2024 Power Smart Control S.L.
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Open txt files Open any .txt file in Notepad

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,
inner 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
input 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

© 2024 Power Smart Control S.L.
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1.3.2 Design Menu

Navigation: SmartCtrl > Main menus and toolbars >

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 through

System 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 Previous Top Next

Deactivate When the user check the option DEACTIVATE the following message

will appear:

SrartCtrl pod

Mo Cancelar

When SmartCtrl is launched, it will contact the license server 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 software Check for a new version of SmartCtrl available

updates...
This option will run the program SmartCtrlUpdate.exe to check if there

1S a new version available.

© 2024 Power Smart Control S.L.
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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.
Transients Select the transient response to be displayed.

The available transient responses are:

*Input voltage step transient
*Output current step transient
*Reference step transient.

© 2024 Power Smart Control S.L.
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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 (Ctrl+Shift+])
*Nyquist diagram panel (Ctrl+Shift+1)
*Transient responses panel  (Ctrl+Shift+K)
*Input data panel (Ctrl+Shift+0)
*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
any transfer function, export its frequency response and afterwards, if

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

© 2024 Power Smart Control S.L.
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1.3.6

1.3.7

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 Tu:u:ulsWindu:uw Help
O™ =& Update E

P ia laf Tar 0 £ | || v

For more information: Warehouse

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
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

© 2024 Power Smart Control S.L.
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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
BT FGaRE RS =] OMm= @ e o
0

Create a new project

Create a new project and open initial dialogue box

= Open an existing project
g Open sample design
= Close the current project window

Generate report

© 2024 Power Smart Control S.L.
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View document comments

L
IF

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

DC-DC converter - Single loop

T

DC-DC converter - Peak Current Mode Control

£

DC-DC converter - Average Current Mode Control

.,""E

PFC Boost converter

Design a generic topology using a s-domain model editor

Design a generic topology from a .txt file

M U

Design a generic control system

44

Modify data

44

Modify data

Digital control settings

el Save the current project
[ .

= Export transfer functions
&

G

Export to PSIM (schematics)

Import transfer function from a file and merge with other Transfer Functions
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Export to PSIM (update parameter file)

@ Update parameters file of the previously exported schematic

M Maximize active window

M Tile windows

T See all panels

EH Organize all panels

2 View input data

X View output data

1.3.10 View toolbar

Navigation: SmartCtrl > Main menus and toolbars >

View toolbar Previous Top Next

E SmartCtrl - Controld

File Design View Tools Warehouse Window Help
Lheses BB - B R E OMTIE k» o
7 &R & Hy fm tm fm | A% & b fin S A A5

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

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

.T Display the frequency response (Bode plot) of the control to output without compensator

transfer function
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=

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

B &

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

Zal = L T

Display transient response due to a reference voltage step

-y

i Display the transient response due to an output current step
' Display the transient response due to an input voltage step

I,

AT AN

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

i
it

E 8¢ Source code parametric sweep (Modify Plant and sensor components defined in the
Equation Editor)

Modify input parameters (Input Parameters Parametric sweep)

Modify compensator components (Compensator Parameters Parametric sweep)

[ B Digital factors sweep

SmartCtrl additional transfer functions
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E SmartCtrl - Controld

File Design View Tools Warehouse Window Help

Lheses BB - B R E OMTIE B o

7 &R & Hy fm tm fm | A% & b fin S T S

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

GO

Subscript 1 refers to the type of transfer

E| 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:

¢ jiL: inductor current.

* iD: diode current.

* vo: output voltage

Subscript 3 refers to the perturbing magnitude:

* io: output current.

* vi: input voltage.

The considered transfer functions are:

Open loop transfer functions.
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z|,:. |

Gvwi=
V;
Gvio=-2
ED
1
GIIJ:I:,,£
Vi
i
GILIu:]:?£
!ISI
5
GiDvi=+=
V;

r

Closed loop transfer functions.

R
Ghwi=-=2
-.r'.!:
Y
Givio=-=2
1
Gtivi
Gtiio

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.

L

Y'Y Y 2

|||—.
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Gvio =~ impedance transfer function

o

v Load resistor is included within the output
i

Example 2: Closed loop transfer function.

Y Y Y el
T
Ra
L Vout
Vin — Z:‘. C—_—R ;
—‘7 Rb
X "
+ — Vref
o .
Givio == Closed loop Output impedance transfer
1

5 function

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.
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1.41

Design a predefined topalogy

SmartCtrl

-

DC-DC power stage and
corntrol circuit design

DC-OC converter - Sinale loop
Woltage Mode Control or ACMC

DC-DC converter
Peak curmrent mode contral

DC-DC converter
Average Current Mode Cortrol

EIE=E

PFC Boost converter

=
gy

i

~

Design a genenc topology

‘ . s-domain madel editor

| Import frequency response data
from tat file

Opena..

BB defauk fie

ﬁ,D recently saved file...
E previously saved file...
?E sample design...

Design a genernic control spstenn

E quation editor

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

DC-DC power stage and control design

Navigation: SmartCtrl > Design a predefined topology >

DC-DC power stage and control
design

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

controller) from simple specifications.

.

[ SrmartCtrl @

Design a predefined topalagy Opena...
J +— || DC-DC power ztage and default fi
efault file
H'——l control circuit design
Iﬂ DC-OC converter - Single loop ﬁ.D oy sead T,
Yaltage Mode Control or ACMC
ﬂ DL-DC converter %D presdously saved file. .
Feak curent mode control
[ﬁ DC-DC converter (»D sample design...
Average Current Mode Control 3
I FFC Boost converter
[E3
Dezign a genenic topology
g-domain model editar iﬂ E quation editor

Irmpart frequency response data
frorn txt file

=

Help Cloze

Predefined topologies for this option are:

*Buck
*Boost
*Buck-boost
*Forward

*Flyback
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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:

*Input voltage range (maximum and minimum)

*Output voltage

*Maximum output voltage ripple

*Ouput power range

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

Flyback).

DC-DC Complete Design

Vin

Vin_max (V) 55
Win_min (V) 50

Buck

Vo (V) 40

Vo_Ripple (%) 5.0

Topologies available according to previous data

-]

BuckBoost

Help | Ok | Cancel

Po_max (W) 100
Po_min (W) 20

[ Isolation

[v Optimize effidency

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

selected, click on Ok button.
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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.

Modify Data |
Vin (V) Schematic  Effidency | Digital compensator | Part list |
min =
ctrl TLE
1 RL L Vo
losses 55 T#T . — FEHE L . -
L] 761 mOhms 727 uH ey
e 55 Vin RC 122 mOhms +
D R | | 16.5 Ohms
£2.81%
Im(EL T C==1mF -
cirl 40
rip (%) 50m
C3
Pa (W) Il
1.15 nF
min -
R2 c2
a5
= — 11— 43kOhms 847 F
447 kOhms 279 nF Ra 16.7 kDhms
losses - R4 |;|
N
L] + 10.4 kOhms
Q R <[: Ramp Vref Rb | |1.11 kOhms
Mosfet 40 5|—=
IKFV 74N 20P J Clk
Diode
75LQ150 J
Capacitor
63V _1000u
L] 7272730
CiF) A
faw (Hz) 200k Get best mosfet Get best diode New spedifications Help Exit
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If the tab Efficiency’ls selected, the information about the loses in each component is shown.

Modify Data (=]

Vin (V) Schematic || Efficency  Digital compensator | Partlist|

min

0.7 W -|V I - 90 W
100%

99.3% I
rip (%) 50m

Po (W) Cond | Swit | Driv | Cond | Swit | Core | Wind| ESR | Cond
min oL I
i 95
losses 2L -
35.1 %
100
max Oi112%
126m 88m 21.4m 7.52m 0 2%m 388m 572m 90m W [ 486 %
Mosfet 188 131 348 142 0 438 579 851m 134 % =‘?:14r::5
TXFV74NZ0P J Losses (0.672 W, 0.741 %) '
Diode
75L0 150 J
Capacitor
£3V_1000u
Ley| 727273u
c@ 1
few (Hz) 200k Get best mosfet | Get best diode | Mew spedifications | Help Exit

In the tab Pigital compensator’the coefficients for a digital control are shown.
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Muodify Data |

Fvin () ————— Schematic EFﬁdency||Dagna| compensatar Partlistl

50

min I

COEFFICIENTS
I 52.5
ctrl b2 = 1.5571l6e-008 =372
Iiss bl = 0.000243572 =
losses Bo
max I = a3

a2
al
FVe V) a0 =

.45462e-014 ="3
.99491e-009 5”2
.11095e-005 =

I
(=T ST =

| IXFV74N20P J

Diode

Capacitor
| 3V_1000u

L] 7272730

<@ im

faw (Hz) 200k Get best mosfet | Get best diode | New specifications | 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 compensator ” Fart list
min I = -
m TOPOLGY N
cirl ' Buck (Voltage mode controlled)
55
losses I MOSFET
max I 55 Name = IXFV74N20P
DICDE
rVe(V) ——— Hame = T5LQA50
e I “ CRPRCITCR
. 0m (calculated) |
rip (%) cr = 234.375 nF E
Vr = 40 W
- Po (W) Ir = 216.506 mA
. I S0
min {(available in warehouse)
| l—gs Name = 63V_1000u
&l ng =1
| I a0 Cr_sel = 1 mF
osses Vr sel = 63 ¥
I.|1E,,(| 100 Ir sel = 1.8 &
ESR_sel= 122 mOhms
Mosfet INDUCTOR CORE MATERIAL
IDCF\-'?‘INZOP J Name = 3C20
i Bzat = 470 mT
Diode Ke = 4.981
[7sq150 | | a1za = 1.343
Capacitor beta = 2.513
|63\"_1000u INDUCTOR CORE GECMETRY
Hame = PQ26/20
Lon| 7272780 W —
7 Ccupa = 18.4101
c®l m -
faw (Hz) 200k Get best mosfet | Get best dinde | Mew spedifications | Help | Exit |

In any of these tabs, it is possi

ble 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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=
g
=
Q
#
[eal

¥in (V) ISd'lemalx Emclerr.-rl Digital cu'memu] Part I:t|

1 AL L Vo

THI ;
LH-J 761 mOhms 727 uH v
max = Vin RC | | 122 mOhms +
g2E T

D R || 168 0mms

1

C 1 mF -

c3
Po (W) I

) 90 1.15 nf
mn Rl c1

R2 c2
95
etrl — ] 43k0nms  BATF
44,7 kOhme 2. T4 nF
| a0 Ra [‘] 167 kOhms

—_—

‘\;J_, 10.4 kOhms
I—= Ramp Vref Rb | | 1.11 kOhms

%

Clk

|
ol o
w3

Mosfet

I DR | J

Diiode

[73.q150 J

Capaditor

I 63¥_1000u

L[H)I 72,7273u
CF) im

fow (1) 200k Getbestmosfet |  Getbestdode |  New specficatons | Hep | Eot |

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
FvinY) ——— Schematic | Efficency Digiiﬁlmmpensator”Partlist
min I = _ ~
52.5 np =1
ctrl Cr sel = 1 mF
| I 55 Vr_sel = €3 V
0558s Ir sel = 1.8 &
rna)(l 55 ESR_sel= 122 mOhms
/INDUCTOR CORE MATERIAL
VoM ———— Wame = 3C90
ctrl liqo Esat = 470 mT
Kc = 4,931
tip (%) l—som alfa = 1.343
beta = 2.513
rPe(W)——— INDUCTOR CORE GEOMETRY
) I a0 Hame = PQ2e/20
min Wv = 4
ctrl I g5 Ccupa = 18.4101
G = 13.8775
losml a0 L = 72.7273 u
Re = 0.000121 m"2
maxl 100 Wa = 3.11e-005 m"2
le = 45 mm
CT = 372 m*-1
Mosfet Ve = 5.472-006 m"3
IIXFU?‘INZDP J im = 56.4 mm
— 1w = 11.5 mm
I?SLQ15U J INDUCTOR CONDUCTOR
Capacitor HName = 3x45x0.07
nc = 135
|63v_1000u D = 70 um
DD ext = 1.35 mm
L] 7272730 \~ J
C[F}I im v
fsw (Hz) 200k Get best mosfet | Get best diode | Mew specifications | 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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- b G ae . E | wgna | mss
2an® .:Bal:u:ﬁaaﬂ:":nn: =
[y 188 i Ol = N !

w | Open window e o e e

T
= A
——
T

oTem

0T il

Framsabti Twehi o Be

1.4.2 DC-DC Converter - Single loop
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

Plant |

Plant hasn't been
loaded as yet.
Select one from the
cormbo box above.

=l

Compenszatar

=]

Sensor |

Frequency range(Hz)

mir mas
| 1| 939000
Solution map

Crozs freq, Phaze marg.
| | L

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

. 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 x The predeﬁned DC'DC plantS are
I~ Digtal Plent [ = Frequency angelr the following:
Buck [voltage mode contralled) L Mm%
Buck [L- d I
Bzgsll[vglll‘g:; [msuedn:?:o]nlrolled] ! <5000 ° Buck
guosl [Ia_»c;lrenl ser:sed] g —_—
B SH— * Buck-Boost
Buck-Boost [L-current sensed)
Buck-Boost [diode-curent sensed] o BOOSt
Flyback (voltage mode controlled) _—
Flyback (diode- t d
B ,—Féjm?:rd[[\;noll:gguru::esl:e;:l?n\]ledl ® Fl baCk
t p
e Frace Stihed Fll s WM AL *Forward
Phase Shited Dual Active Bridge [MC ERL - V1 (o0 V2 . i
Phase Shited oﬂZmZdﬁsllaEZE\és ERL-V1 ln\°/2] : Cross freq. rhﬂse marg. BPl.l(;lse (Shlft(e:d Fll)ll
L _ 0 0 ridge (VMC RL
N *Phase Shifted Dual
Active Bridge (VMC RL
Help -Vl to V2!
LI Cancel 'Ph'ase Sh.ifted 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 mode controlled), single loop data input. X The different Sensors aVailable
I Digital Plant |Buck [valtage mode contrlled) j Frequency range(Hz) are the fOHOWlng
min max
] 1 939000
* Voltage Divider
Solution map L4 Embedded VOltage
Divider

¢ Isolated Voltage Sensor
e Current Sensor
e Hall Effect Sensor

Compensator :l

Cross freq. Phaze marg. N N
B e e = o o *Equation Editor (User
combo box above. Defined SenSOl')
Help

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 (veltage mode controlled), single loop data input.

I Digial Plant |BUck [valtage mode contolled] = |

r" B oy +Vo
e =]

| gencor [FoMage divider x|

Vi

Compensator |

Ioade| g guation Vel
Select one fram the combo
above Rh

Frequency range{Hz)
min man
1 553000

Solution map
Crossheq  Phase marg
i [
Help

Buck (voltage mode controlled), single loop data input

* | Compensator types:

e Type 3

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

* Type 2

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

* P1

*PI analog

¢ PI unattenuated (when selecting
Embedded Voltage Divider
Sensor)

* Single Pole

* Single Pole unattenuated (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.

Iv Digital

Plant |Buck [woltage mode contralled)

w

I i e
F

i RL

=

Frequency range(Hz)

Compenzator ||

=l

Sensor |"“'IU"‘3£IE divider

Pl digital
FID digital
Equation digital

corm

%o

T o T

loaded as yet.
oelect one from the combo
ahove

Wref

iy masx
] | 1 | 933000
1+ Vo
Solution map
=~
Crozs freq. Phaze marg.
] o 0

o

[5s]

Help

ﬂ LCancel ‘ oK |
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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 (voltzge mode controlled), single loop data input % | [ cross frequency and Phase margin input x
™ Digtal piant Bk (vologe mods cortraled) =] Fiequency rangelHz] Phase margi vs Cross fiequency
" i e It highly recommended to clck, on the

unshadwed (white] regian for selecting
R 1 559000 an appropriete (Cioss hequency,Phase
l—- R +Yo margin) couple of values.
VT Re R - Take eare also of attenvation (KIs)Ris)]
[ < T CLEmmD at Faw] and Phase margi edit bowes,
when theit backgrounds are red painted!

Cross fiequency  Phase margh
104713k 50

|
! e (s Rls) at P

Vo
o Besiy  Fioawg \ FEE e
- Wret 104713 50
) \
Set.

Phimin=01 Few=250k| Hep

1 10 100 Tk 10k 100k 1M

Help Cross frequency(Hz) LCancel
oo

Compensator | Genser [Vohagedhvider |

FPhase margin

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)

(@ -
| e _oeion_opters view ron w | el | Mol
sz BB EREBEE 20D EBE* — =
P ia’ lat 07|18 X B @ #|e|ln e S % i Ollo 0 S B S Co B N
o EEr= - 877237k
Indictr vlage ve e —
6.7 8} v ouerey Tl Tidsg = I
o Ll )
E T
i T
Tinelse)
§ Iector s Diode curent v tne
T —~ ~ — |
g g 07 [ tenwuation (fsw)
B e | z \ e Ateruation ) (48]
= EL | [ —
= E tic
G TWu T
Tinfsec)
) Output vaage vs tine
B ] |l
- »| Heb| Ea
B SN AR -
soea 325 5 :
i e ]
Frequency(Hz) o Phase margin vs Cross frequency
c \
G, T (deg) vs frequency Vo for reference step (small sgnal. 0.1%)
o 25 1§ 1s0) It S =
g
a1, i
0 3 S RS |
I ————"
/\ 18
= —— 7 0 Tk 0k i00k 1M
5 —| s, Cioss equencylHe)
2302 ‘
X Bt
= I I
e
requency(Hz) imefs) o It s
Frequencyta) Tinets) Tinfsec)
Ready e = 97T PO = 30 ) = 21060 oM

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 IBuck [woltage mode controlled) LI — Frequency range(Hz)
mir mas

] | 1 999000

RL

i
FE -+
i L Vo
R R

Ui"[ C Ll_l — Solution map

Compenzatar ;I Bersen I‘v’cultage divider LI

Yo

Crozs freq, Phaze marg.
Ra
R (5 ) | sref |j n I ] I 0

ﬂﬂh Set

Help |
_}I Cancel | [1].4 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.

@ smarcu - Control - D
| Fie_oesign_Optons view Too 77 P (Conpenantor)
DhE s S B Y EEREBEEYO0DTEHD® =15a
[T 10 T 8 | O [ T R [ i | @ | £ [ b 0 o[ % % i St ot e %o i o 3 =300w
B contant EeE=
Inductor vooge vs e
G, T [dB) vs frequency [Tl vs Tideg)
E
g
3
0w |
os Tinliec
§ Inductorsnd Diod curen ve e
™
= = o Parameter Valve <ol fet)
g ™~ 1 3 == ~ ™ = fo =l[sn  [mems |
@ & o | | | | — )
o [meE |
: Tow £
0 Tinefsec) m | o)
. Outpt vohage vetime ———— [mmmx
Att(dB)
a5
- B
\ g
e a5
0 W TR S T ————— a
Frequency(Hz) Ti ; [u ) o
ineiec) =
6. T [deg) vs frequency Vo for reference step (smal signal. 0.1%) om0 Y N\ /
ErEET
+(0- 708170
1 ki gl
33| = 2|
) B
= 1.5
2319
T —— - 0 Ed
k-1 g Time{sec)
= g
G P
3
o7
a =
V &
190
sl
0 W 3 S T T R T TR TR T T T T
FrequencylHe] Tevets) Tiatc] o
Ready o fe(Hz) = 29045 [PhM(") = 93.0616 Att(dB)=-3888% | [NM[ /)
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1.4.3 DC-DC Converter - Peak Current Mode Control

Navigation: SmartCtrl > Design a predefined topology >

DC-DC Converter - Peak Current
Mode Control

Previous Top Next

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 Current Mode Control) EX The predefined DC-DC plants
- - are the following:
o Im[PM] = l_m""m‘ e
%ﬁgﬁ ' — *Buck
{Porwid POHL) *Buck-Boost
*Boost
*Flyback
Current sersor Voltage seraor .Forward
[ -
Mackiabor - 1 I Sehstn mag
Compansstor
|
— Cross Phase
<[ ¢
> |
| »|  conee | 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:

Buack [POMC) - - Frequency range(Hz) - 1
el = ’ L] - * Resistor
[ 1| vesoon -
L e R Vo l
'ﬂ'll e
Curnent sensor
Re
Modulator Schubion mag
Shape ]
-.“m 4
== e R
_Uzim Select ane frarn the eomb I_DI_"%
si{en | o :
_t |
% ¥ M I _P! Cancel “ o I
Next, the modulator must be configured.
Modulators available:
plont [Bock PO) = i
'“;‘ i * Modulator (Peak Current

[ S ! [ s Mode Control).
“"i T

Right after the selection of the modulator, the voltage sensor must be selected.

© 2024 Power Smart Control S.L.



SmartCtrl 43

DC-DC Buck converter (Peak Current Mode Control) x Voltage sensor available:
Plant | Buck (PCMC) - Frauuentvr_aﬂgemﬂ
l_;- . - T [ ssoom *Voltage divider.
v 4 s ® « Embedded Voltage Divider
*Equation Editor (User Defined
Sensor
Current sensor Voltage sensor va
[fa
) e
Embedded V.div.
Madulator T ol Solution map
Slope Compensator
| Cross Phase marg.
_ o ’—]
_ * Vref
Help
Solution map... | ﬁ cancel | ox

The last element that must be set is the compensator.

DC-DC Buck converter (Pesk Current Mode Control) x Compensator types:
ot [P ] Frequency range(Hz)
— R T [ sm0 T 3
IOtk vo Aype S
vy % wt " *Type 3 Unattenuated (when
selecting Embedded Voltage Divider
sensor)
Current sensor Voltage sensor Vo
N B = *Type 2
IE *Type 2 unattenuated (when
odubator Solution may . o .
e S ’ selecting Embedded Voltage Divider
Compensation IF sens Or)
L | — g 1 been o PI analog
e oo core | ([T 0 [ ¢ PI
Clk — .
- *PI unattenuated (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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175 highl necommended ho click on the

EferAsl o Fow

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

Method B

// PI (Compensator)

27.785 m
300 u

Ep
Ti

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

Parameter Value == foH)
|kp ~||z.785m [8.9635
L M)
| 84,7432
i | | 300U M)
—1 | 60,7398
Att(dE)

|-69.1855

1.4.4 DC-DC Converter - Average Current Control
Navigation: SmartCtrl > Design a predefined topology >
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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.

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 converter, average curent control data input E The predefined DC-DC plants are the
. e Feaarey s following;
T[T e
S *Buck (LCD-VMC)
*Buck-Boost (LCS-VMC)
l *Boost (LCS-VMCO)
Brarees oo Bt ) !.\mlo-oclm:-:t . = = 'BOOSt (DCS‘VMC)
= : = B L *Flyback (DCS-VMC)
—1— | Somimie *Forward (LCS-VMC)
B B rortd freg “Pha-.cm-;'t
| oot | o]

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

DCDC comverer, average cunent centrl data nput % The available current sensors are the
Prant [Buek LTS M) = FrEquEncy":;nge[Hz] — f()ll()wing:
w7 % ol R o et *Current Sensor
- *Hall Effect Sensor
*Equation Editor (User Defined
et laap sensor Outer lnop sensar Sensor !
o = oste freenas
SRR Solmap [auter laop)
Inner loop compensator Quter loop compengatar
L L
Cross freq, Phase marg.
i lin

| ﬂ LCancel | oK
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Finally, the inner loop compensator is selected.

DC-DC converter, average current control data input

Frequency range(Hz]
miry max

Plant |Buck [LCS_YMC] ~|
b o BL
f= v +vo
3 Rt R
Vlnl CT
Iner loop serar Duter loop sensar
Currert sensar =

Hits)

Inner loop compensator

Outer loop compensator

[

[ 1] g0

Sol map [inne loop)

Crossfreq Phase mag
i i

Sol. map [outer loop)

Cross freq. Phase marg.
0 0

Help
| ﬂ Concel | [ 0K

Compensator types:

*Type 3

*Type 2

*PI analog

*P1

*Single Pole

*User defined compensator using
Equation Editor

Once all the inner 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.

v kg sarca s o sz
IFe——— ’J— [ =]
L

Guen oo comprrantan

. '.'M" .
chi|
L34 |

oS —-

DD conwerber, sverage oument control data input n
P [Pk 50 =] h'm:_':m‘"ﬂ -
Py m
. I. = .-‘?.T-. *¥a
- = = =
G Sk map frren oo

Cross Mequency snd Phage margin input E

[
[ % —":Ln

ok mag Lo ko]

Cronbeg  Phass mag

Taka corw i of aftwrvantin B FRGR
L
e e Basbaaand e e D

[ [2 []

B |

B feee || ¢

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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[ Sokiion mags fewen bocgd ||

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

Compensator (equation editor) X
s-domain model Open... | Save | Save as... 20 Mod(dB] vs Frequency
File 18\

// PI (Compensator) - Parametric sweep i \
Parameter Value ==l = \.\
Fp = 15 m = 10
~||15
Ti =300 u lke =][ssm g \
- -20
R =Fp * (1 4 s*Ti) / (s*Ti) <>l \
return R ITl LI |3UU u -30 \__
=i -401 10 100 1k 10k 100k 1M
Frequency[Hz|
0 Phaze(?) vs Frequency
10 et
20 /
/
-30
& -40 /
E 5 /
= /
-60
: -m /
Set defaults Editor... Compile Copy | i Selectparameters @0
-390

1 10 100 1k 10k 100k 1M
Export transfer function(s)... | PWM Modulator User Modulator FrequencylHz)

Edit external functions | Add external function... |

Help | Cancel | oK |

© 2024 Power Smart Control S.L.



SmartCtrl User's Guide

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 >
Plant |Buck [LCS_WHLC) j Frequency fﬁﬂQE[H Z)
miry max
1 333000
"ot -+ Vo | |
I L
i Re R
|nI C T Sal.map [inner loop)
Inner loop senzor | Outer loop zenzor
Current zengor ﬂ - | ﬂ o ST Crozz freq. Phase marg.
Hi(s) loaded | a | a
—— Sal.map [outer loop)
Inner loop compersator Outer laop compensatar
R (5 ) Crozs freq. Phase marg.
0 | 0

Help
| ﬂ Cancel | (1] |

Now, the outer loop can be defined. First, the voltage sensor must be selected.
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DC-DC converter, average current contral data input x | The different sensors available are the
N YT = Frecuency rangeH) following:
i RL T [ 1] 99000
e ;Ff e w *Voltage Divider
" c Sol.map finnet loop) . .
I T plos Embedded Voltage Divider

i\L *Equation Editor (User Defined

- Sensor)
Inner loop sensor Outer loop sensor
Current sensor - ) | S| possmeer Cross freq. Phaze marg.
tiits) Waltage divider loaded 20k B0
Ernbedded Y. div.

E quation
L Solmap [outer loop)
Inner loop compensator Outer loop compensator
Type 3 -
Cross freq, Phase marg.
1} 1}
Help
Solution map (inner loop)... | » Cancel | juls I

Next, the outer loop compensator must be selected.

DC-DC converter, average current control data input x Compensator types:
Blane |Buick [LC5_4MC) | Frequency n::nge[HZJ . 'T !Qe 3
f? - - [ s -¥Vpe ; Unattenuated
) Re R clype
"'“I % o Sal map (inner loop]
- *Type 2 unattenuated
‘/L *PI analog
Inner loop sensor Outer loop sensor o Ra —/\\ ' .ﬂ
Current sensor - [] Woltage divider - Cross freg Phase marg. QPI unattenuated
Hi(s) We'—ﬂ ’W &0 —_———
- +Single Pole

Sol.map (outer laop]

Single Pole unattenuated
*Customer defined compensator

using Equation Editor

Inner loop compensator Outer loop compensator

Cross freq. Phase marg.
[t} o

Help
Solution map (iner loop] ‘ | ﬂ Cancel | o |

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 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.
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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.
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DC-DC converter, average current control data input

Ihner loop gensor |

Current zensar -
_I Hi{s)

Ihner loop compenszator

Equation LI

R(s)

=T (Euck [LCS j
I
. Re R
Uln[ c T
Outer loop senzor Wa

Woltage divider LI .y
re

Outer loop compenzatar

Equation ;I

R(s)

— Frequency range(Hz)
rmin M
1 333000

— Sol.map [inner loop)

Crozs freq. Phasge marg.
| 0 0

— Sol.map [outer loop)

Crozs freq. Phasze marg.
! 9l !

Salution map (inner loop)...

Salution map [outer laop]...

Help |

| ﬂ Cancel | of. I

Using the icon F
compensator parameters.

"Launch inner method box" in the toolbar, the user can modify the inner loop
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@ Method B
|;< Design Options View Tools Warehouse Window Help 7/ BI (Compensator)inner loop
ChEss BB s B EBEEBEBR OMmEEe * o B
¥ 120 28 18| 1 [T [ o @ @ b % 2o G Wi v e % iw = 300m
[Launch inner method bor] s[@ (= R=gp ¢ (1t st / (st
T.CL (d8) vs frequency 1Tl vs Tideg) ook v e WL B
% s -
o A § IndctorandDiod et v i
g g T
. g o ——— o
0 _am /\ /\ /\ /\ P
& g 3 N
il ’ i) - v |
1.
& 1
s . L i s
EE] 3 oy
1 0.25(
T Launch nner method box = 18200 PAMOZ %6472 (GMGBI= L1616 A = 11561 Fa |
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
inner (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

— Freguency range [Hz)
-
Flant _I iR -
1 939k
Mo prlart
loaced — Sol.map. (inner loop)

Quter loop sensor

I I Crozs.freq. Phaze marg.
Mo sensar - Mo sensar el g

InEced loaded 0 0

— Sol.map. [outer loop)

Inmer loop compenzator ultiplier & ims feed-fonward Outer loop compenzator
[ K| = =l
Multiplier ‘
JC 38544 Multiplier
Mo compensa- Mo multiplier PO COMmpErEs- Crozs.freq. Phase marg.
tor loaced loaced tor loacded I il I il

Help |
Salution map [inner loop)... | Solution map [outer loop)... | » | LCancel | Ok I

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)
Plarit j - i
1 939k
Mo plant
loaded — Sol.map. [inner loop)
Outer loop sensor
I ,l Cross.freq. Phaze marg.
His) S I il il
— — — Sol.map. [outer laop]
Inner loop compensator ultiplier & iz feed-fonward Quter loop compensator
| -] Muliplies | | |
C @
ho compensa- AEB |B o compensa- Crozz freq. Phase marg.
tor lnaded ol - tor loaded I il I il
L a \fea
Help |
Solution map [inner loop].... | Saolution map [auter loop]... | 3 | LCancel | ok I

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

the resistor Rs.

PFC Boost converter b
— Frequency range (Hz)
Plant j o mas
1 999 k
Mo plart
loaded — Sol.map. [inner loop)
Outer loop sensor
Cross freq. Phaze marg.
Tl Mo sensor el g
loaded 0 0
— Sal.map. [auter loop)
Inrer loop compensgator Outer loop compenzator
[ =] | =
Mo compensa- a AB g Rac Mo compensa- Cross.freq, Phase marg.
tor [oaded E c? tar loaded I 0 I 0
L & \ea
Help |
Solution map [inner loop)... | Solution map [outer loop)... | » | Cancel | Ok I

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)
Flant || j iR GETS
Boost PFC [Resistive load) ‘
Boogt PFC [Constant power load) | 1 | 933k
Mo plart
loaded Sol.map. (inner loop)
I—l L
| Outer loop sensor
Cross.freq. Phase marg.
His) | il | il

Sol.map. [outer loop)

Inner loop compenzator ultiplier & ‘imz feed-forward Outer loop compenzator

[ =l Muliplier ERE| =]

AB |B - Cross.freq. Phase marg.

c? u| i

Help
| | ﬂ Cancel | K |

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 |Boost PFC [Resistive load) = |

Multiplier & Vims feed-forward

Outer loop zenzor

[ 7]

Outer loop compenzator

| = Multiplier | [ =]
Type 2
Type 3
Fl alall:u] C—@—
Fl
| A Vea

Frequency range (Hz)
min mas

| 1 | 999 k

Sol.map. (inner loop)

Cross.freq. Phase marg.
| 0| :

Sol.map. [outer loop]

Cross.freq. Phase marg.

0 | 0

Help
| ﬂ Cancel | Ok |

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

j Frequency range [Hz)
it I=n

| 1 | 993 k

Flant |Eoast PFC [Resistive load)

Salmap. [inher loop)

Quter loop sensor

Cross.freq. Phase marg.

His) | i | 0

Sol.map. [outer loop]

Inmer loop compenzator ultiplier & ims feed-fonward Outer loop compenzator

Multiplier | [ =]

Cross.freq. Phase marg.

0 | 0

Help
| ﬂ LCancel | Ok |

e

Salution map [inner loop)... |

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 *

Phasze margin ve Crozs frequency
400

It's highly recommended to click on the
unzhadowed [white] region for zelecting
an appropniate [Cross frequency, Phase
margin] couple of values,

Take care also of atterwation [[k[s]"R(=]l
at Fsw] and Phaze margin edit boxes,
when their backaroundz are red painted!

300

Crogs frequency FPhaze marain

FPhasze margin

[ |1 k |1nu

(=1 Rlz]l at Faw

-42.0021 Update

pe 1]

L e T T T ————————

Fam=100 k.

Phibd =0 L
0

1 10 100

Tk 10k

Crozs frequency(Hz]

100k ™M

Help

LCancel |
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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)
Blant |Boost PFC [Resistive load) ﬂ i
min =
| 1 939k
Sol.map. (inner loop)
Outer loop sensor /_\ "
) - e Cross.freq. Phase marg.
lzolated V. sensor loaced | 15k | 45
E quation
— Sol.map. [outer loop)
Inner loop compenzator ultiplier & \imz feed-fonward Outer loop compenzator
Type 3 - Multiplier ﬂ | J
c @
AB B Cross.freq. Phase marg.
c? - 0 | 1]
A \Mea
Help
Solution map [inner loop)... | | » Cancel | Ok |

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

Plant [Fo0st PFC Fesistve load) v Frequency range (]
Lyl max

| 1 | 993 k

Salmap. [inher loop)

Quter loop sensor /_\
o Cross.freq. Phase marg.

N | 1k| 100

His)

Sol.map. [outer loop]

Inmer loop compenzator ultiplier & ims feed-fonward Outer loop compenzator

Type 3 - Multiplier ﬂ | ﬂ

c EI
AB |B - Mo compensa- Cross.freq. Phase marg.

cl tor loaded il | il

Help
Salution map [inner loop)... | | ﬂ Qancel| Ok |

Next, the outer loop compensator must be selected.

PFC Boost converter *

Plat [Boost PFC [Resistve load] v ] Frequency 1ange (Hz]
Lyl max

| 1 | 339k

Solmap. [inner loop)

Outer loop zenzor
|zolated WV sensar Cross.freq. Phase marg.

His) S | Tk | 100
— — Sol.map. [outer loop]
Inmer loop compenzator Multiplier & Vims feed-forward Outer loop compenzator
Type 3 - Multiplier ﬂ || ﬂ
Type 2
Type 3
c
—i :: '— [l
Single pole I» [ Ph
AB B . =a- ross.freq. ase marg.
— —-— Equati
cz m Huzten O TR i} | i}
A Vea

Help
Salution map [inner loop)... | | ﬂ Qancel| Ok |

Outer Loop compensator types depending on the sensor previously selected:
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For multiplier For UC3854 multiplier option:
option: For Voltage For Embedded | For user defined
Divider sensor: | Voltage Divider | sensor (Equation
Sensor: Editor):
o Type 3 e Type 2 s Type 2 * Type 2
« Type 2 + P| unattenuated * Type 3
. Pl » Pl analog » Plunattenuated |« Pl
. P! analog » Single Pole « Single Pole = Pl analog
* Single Pole » User defined unattenuated |+ Single Pole
. UE?r deﬁnec} using Equation |« User defined e User defined
using Equation Editor using Equation using Equation
Editor Editor 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 *

Plat [Boost PFC [Resistve load] v ] Frequency 1ange (Hz]
Lyl max

1 | 999 k

Salmap. [inher loop)

—

\

LT 115

| Outer loop sensor 1 "
|zolated V. semzor - & Cross.freq, Phase marg.

His) \_(' | 15k | 45

Sol.map. [outer loop)

Inmer loop compengator ultiplier & ims feed-forward Outer loop compengator
Type 3 - Multiplier j || j
Type 2
c pe 3
—@— Pl analog
Pl
AB |B . Cross. freq. Phaze marg.
—= —-— Single pole
2 !
c m E quation 0 | 0
A Mea
Help
Salution map [inner loop)... | » LCancel | Ok |
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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 *

Phase margin vs Crozs frequency

foie] k. It's highly recnmm_ended_tn click on the
unzhadowed [white] region for zelecting
an appropriate [Cross frequency, Phase
margin] couple of values,

150

Take care alza of attenuation (KR
at Faw] and Phaze margin edit boxes,
when their backgrounds are red painted!

100

Cross frequency Phase margin
|1 i |5t|

Fhase marain

[ [z)*R[=z)l at Faw

-106.335 Update

0

0 Fhikd rnin=0 Fave=100 k. Help

1 ‘llD 100 1k 10k 100 k ™

Cross frequency(Hz) Cancel | ]

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)

© 2024 Power Smart Control S.L.



62

SmartCtrl User's Guide

PFC Boost converter *

— Frequency range (Hz)
Boost PFC [Resistive load -
Flant | [ ) J il —

| 1 | 999 k

Sol.map. (inner loop)

Outer loop zenzor
|zolated Vo semsar Cross.freq. Phase marg.
His) N | Tk | 100

Sol.map. [outer loop]

Inner loop compensatar Multiplier & Yrms feed-forward Outer loop compensatar
Type 3 - Multiplier j |T5l|:e 2 ﬂ
_‘C :: '_ c3
aB |B c2 Cross.freq. Phase marg.
ol (ke | = Ri1 10 | &0
A Vea -
Wref

Help

Solution map [inner loop)... | | Solution map [outer loop]... | » Cancel | Ok |

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 (21)(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 *

Frequency range [Hz)
min max

| 1 | 993 k

Plart |Eoost PFC [Resistive load) |

Salmap. [inher loop)

EE—
Quter loop sensor
- Cross.freq. Phase marg.
His) . | il | il

— Sol.map. [outer loop]

Inner loop compenzator ultiplier & \imz feed-fonward Outer loop compenzator

= Multiplier - [ =]

C @
R (S ) AB |B m Cross.freq. Phase marg.
2 -

c 0 | 0

Help
| ﬂ LCancel | Ok |
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Compensator (equation editor) *
[s—domain mode! Open... Save Save as... | ] o0 Mod(dB) vs Frequency
Fike | 1 \
// PI (Compensator) - Parametricsweep ————————— ; \
\
Parameter Value | =
kp = 15 m ™ ;”15"1 g . \
Ti = 300 u kE \
- -20
R=Fp * (L + s*Ti) / (s%Ti) = N
return R [ ~[300u 30 RNy
ol -401 10 100 Tk 10k 100k 1M
Frequency[Hz|
0 Phase[®) vs Frequency
10 all
.20 f/
-30
= -40 /
i /
n;“j 50
=] /
- -70 /
Set defaults Editor... Compile Copy | i Select parameters a0
30
1 10 100 1k 10k 100k 1M
Export transfer function(s)... | PWM Modulator User Modulator FrequencylHz]
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)
min =
1 999k

Plant [Boost PFC [Resistive load) v |

— Sol.map. [inner loop)

Outer loop sensor
IlSDlaled W osensar "I Cross.freq. Phase marg.

His) I ] a0

— Sol.map. [outer loop)

Inkier loop compensatar Multiplier & Yrms feed-forward Outer loop compensatar

IEquation vl Multiplier v

=]
mliy
R (S ) .n_z B - R (S ) Crozs.freq. Phaze marg.

[ . Vo | 0| ]

Help |
Solution map [inner loop)... S olution map [outer loop)... | _)l Cancel | Ok 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

EX: .
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

=

7/ ®T (Compensator)

J e Dsion_optons v Took v Hep

ChEss B s EE SEAO0DT@E * ke =15m
P a7 Ta? a7 | 187 || g X b @ m i@ & )i lin v 70" St Sl i S % Suwi o B ™= 300 u
Comr [ Mevouerien (S || r=re s a+ ot/ omn)
zetamn
T (dB) vs frequency 1Tl vs Tideg) Oscillator I

)
o A
g
o
pwaneter _ vabe <o )
y J g I3 Bl [sm
)
20
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we |
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Help
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/I\
[ 1\ 5w
q / \
1 / \ et >
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= _ Tnfed
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\ / \ L
\ 0129
n
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10 100 Tk 10k 100k ™ 5m 10m 15m 20m 2Bm 30m FEm  40m ! ] 5m 10m 15m 20m EL) 0m Bm  Om
FrequencylHz) Timefsec) Timefsec)
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Finally, the flowchart to generate the types of the power factor is the following:
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MULTIPLIER INMNER OUTER
& vrms INNER LOOP OUTER LOOP
FEED- LOOP PLANT LOOP
REGULATION REGULATION
FORWARD SENSOR SENSOR
Type 2
BoostPFC (Constant Bl eV Tipe 3
. Hal| Effect Sensor o8 (Consiznt power Type 3 Sensor FI
Multiplier load) Pl
His) Userdefined Planalog
Boost PFC (Resistiveload) Planalog (Eq.Ed) Single Fole
User defined (Eq. Ed) User defined (Eq. Ed)
Type2
Voltage FI
Type 2 Divider Planalog
UC3B54A Resistive Sensor IE:E'J;;PFC(CU”“EMWWET Pl Singlepole )
serdefined (Eg
Multiplier fs BoostPFC (Resistiveload) Pl analug Regulator
User defined (Eg. Ed) embedded Tyoe 2_unatt
Voltage Pl_unatt
Divider Single Pole_unatt
Userdefined (Eg. Ed)
User defined jf:zzi
(EgqEd) Bl
Pl analog
SinglePole

Userdefined (Eg 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 PFC

Vin ZF @ﬁﬁ ; Vo (Resistive load)

[

Vin zF iRL L jﬁ;::ﬂ"
- °T T

Generic multiplier + Boost PFC
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T UC3854A multiplier + Boost PFC
vin L '[ K -+ Vo (Resistive load)
ZF Lo Rt (|p
T«%Jif—'
TR UC3854A multiplier + Boost PFC
i, '+ Vo
vin L > (Constant power load)
L. R~
ZF 4 Po
[ F
T/\I}’{/\r

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 input data variables are listed and defined below:

Input data

Vin(rms

SW

Line
freque
ncy

Input Voltage (V)

Equivalent Series Resistor of the Inductance (Ohms)

Inductance (H)

Equivalent Series Resistor of the output capacitor (Ohms)

Output Capacitor (F)

Output Voltage (V)

Load Resistor (Ohms)

Output Power (W)

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)

Switching frequency (Hz)

Line frequency (Hz)
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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 (°)
Nvquist diagram
Line current

Oscillator ramp and internal compensator
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.

Disciafon Lamps ared irdesmal comperasier culga va e

]

ol
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69

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.

- Lines covent vy biva (TR0 124 )

by
LE

05

05

1] 5@ 10 V5 F T F-15 e Fm B0
Tirwd |

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.

Feeciied v willage

4]

: -/\\ / \x‘\ / \\ ,//\ A
1w H'f \ / \‘n_ f ‘l"\v..-"r \

\ 1r." \/
Em O

Sm 10m 15 m Jim F=11

Tevednec]
] Sm

WraciV]

Emterrial Cofeni fin cutfad

Weal]

ot o i P
VT =l ol el i, ATV

10m Tim Am F=1 Xm Em Om
Tevduec]

1.4.5.3 Multipliers
Multiplier

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

Multiplier Previous Top Next
e ]
AB |B E KE 001 1™ Use feedfonward
z
C
A Vea Km 10
Using feedforward:

C m KFF lw
A% B Ixg | ke | 00N @ i iesdoad
) A Vea Knm lim
12t harmn.rip. %) lim

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

]
s |

A Vea

=
=]

L]

UC3854A multiplier

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

UC3854A multiplier Previous Top Next
. «rF [ 001763
=) AB |p Rac
z
C
: A Vea K | L
N0k

R ac(ohms]

Fmofohmz] | 10k

The UC3854A 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 inner 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)

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 topoloogy

DC-DC power stage and
conbol circut design

L
I3

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

DC-DC converter
Peak cument mode control

DC-DC cormverter
Ayerage Curent Mode Control

PFC Boost converter

o}
[x}
&

!

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:

(TS R —
File Design Options View Windew Tock Help
ImEFEsEs ™™ ﬂﬂlﬁllt{lﬂ leEIIEEIEIIIE‘: OMe-M@ B o

q T-:rlr. TM e * T: <':l 1_ Ta' g5 ;- i Dulgnagmerlcmpnlngy uungu—dmunnwddaﬂml‘j

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 mode! (equation editor)

s-domain model (polynomial coefficents)
" voltage mode controled

" Current mode controled

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
The "Import frequency response form a .txt file" is also available at:
File Design Options View Tools Warehouse Window Help
heFe ™™ ctGaRR ARSI 7 H RN

O

Design a generic topology from td fileL

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. SmarCtrl is able to load the following file formats: *.dat, *.txt, *.fra

Plant from tet file {voltage mode controlled) E3
Fin
& Buscar en example Fe
=~ O @
Fecha de modifica..  Tipo
1052015 08 Mrchivo FRA
i) Fawftiz]

w |10:Il

¥

|| TADMPIM fles i, et ",

[ ] [ comaw |

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.

© 2024 Power Smart Control S.L.



76

SmartCtrl User's Guide

File

|cwwwmummwmur_sm_wwm

_EWI v Irequency
___‘\
N

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:

=] 'Eml =l

Viskage drader
Erbaddad W dh.
S noksbed V perar

loaded as yot
= Selec! oné from the =
comba bax above.

Finally,select the compensator.

Voltage mode
controlled

* Voltage divider

* Embedded Voltage

Divider

* Isolated V. sensor

Current mode
controlled

¢ Current sensor

* Hall effect sensor

© 2024 Power Smart Control S.L.



SmartCtrl 77

Voltage mode controlled (b file), single loop data input = C()m‘[)ensator tVDeS:

Plant — Frequency range[Hz]
min max T e 3
h amll 100 [ 10000 -pe S
= Unattenuated
E ~ Solution map ————————— T ype 2
- *Type 2
unattenuated
Compensatar [ LI Sensar |VOItage divider LI PI
Type 2 PI
Type 3
Cornjc, ﬂvo Ciossheq Fh +PI unattenuated
|DadenE—¥g§t}%n[7 Vit Ra 1083 'ECI-D aze margﬂ.
Select one from the combo — e — I I ‘Sln le Pole
o ahave Rb _2_
et *Single Pole

unattenuated
_ e | *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 Flmyr_angrﬂiﬂ
i s
=1 IlIll Lol

Sohubior map

| _gwed |[ o]
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T.ahe cve i of atterwastion ([Tl
o Fawi] o Phisse mssgn sob bose,
when thee i

e i
[ElsTFz] & Fow

e e

_ 8 |
I |

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.
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Method B

// PI (Compensator)
Fp = 27.785 m
Ti = 300 u
R=EKp * (1 + s*Ti) / (s*Ti)
return R
Parameter Value o = fo(Hz)
IKp =||27.785m | 8.9635
i —— | . PhM(?)
<> |[84.743
il =] 304 MG(dE)
— | | 60.7398
Att{dB)

|—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)

© 2024 Power Smart Control S.L.



80

SmartCtrl User's Guide

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.

© 2024 Power Smart Control S.L.



Plant (equation editor)

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

File:

// Buck (Power stage)

R = 4.356
L =30u

C =160 u
Vin = 12.0

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

— Parametric sweep

Parameter Value |

|r R EES
.—J—

=2

L MIED
.—J—

|e || e0u
.—J—

Jvin ~l[=
.—J—

Setdefaus |  Editor... |  Compie | copy | St parameters
" One frequency|  Bode plot Export transfer function(s)... |
Initial frequency (Hz) End frequency (Hz) Volv) Fsw
| 10 | 10M | 3.3 100K

Mad(dB)

Phase(®]

Frequenci[Hz|

Set defaults (all) |

Edit external functions | Add external function... |

Help | Cancel | QK

SmartCtrl 81
X
5 tad(dB] ws Frequency
0
N
-50 ‘\
™,
-100
N
-15010 100 1k 10k 100k 1M 10MIOOM
Frequency(Hz|
0 . Phase(®) vs 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.

© 2024 Power Smart Control S.L.




82

SmartCtrl User's Guide

Plant (equation editor)

ow

s-domain model Open... Save Save as...
File:
/! Buck (Power stage) |- Parametric sweep
Parameter Value |
R = 4.35¢6
R - || 4.356
L =30u I _II
C =160 u A
Vin = 12.0 <
It =][30u
// Plant transfer function
Gd = Vin / (L*C*s*s + (L/R)*s + 1) e
return Gd
|e || e0u
==
fun [z
Set defaults | Editor... | Copy | Select parameters
1
* One frequency | Bode plot Exporttransferﬁ.lncnon{s}...l
Frequency (Hz) yd VolV) Fsw
| 3.3 | 100K

Gain, phase and regulator components

Result | Mod(dB) = -3.50001 Arg(®) = -178.519 (-0.668149,-0.0161076)

Mad(dB)

Phase(®]

X
tad(dB] ws Frequency
50
0 \
-50 ‘\
™,
-100 \
-150
10 100 1k 10k 100k 1M 10MIOOM
Frequency(Hz|
0 Phase(®) vs Frequency
-50
-100
-150
-200
10 100 1k 10k 100k 1M 10MIOOM
Frequenci[Hz|
Set defaults (all) |
Edit external functions | Add external function... |
Help | Cancel | QK |

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¢ IR LI 2,356
L=30u [+
C =160 u A
Vin = 12.0 <
It =][30u
// Plant transfer function
Gd = Vin / (L*C*s*s + (L/R)*s + 1) e
return Gd
|e || e0u
==
fin ==
Set defaults Editor... | Compile | Copy Select parameters
" One frequency 5" Exporttransferﬁ.lncnon{s}...l
Initial frequency (Hz) End frequency (Hz) [\c‘o(\c‘) Fsw
| 10 | 10M l| 3.3 100K

Mad(dB)

Phase(®]

X
5 tad(dB] ws Frequency
0
N
-50 ‘\
™,
-100
N
-15810 100 1k 10k 100k 1M 10MIOOM
Frequency(Hz|
0 . Phase(®) vs Frequency
\
-50
-100
-150
-20010 100 1k 10k 100k 1M 10MIOOM

Frequenci[Hz|

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 =

— Frequency range[Hz)
mir mas
] 10 10000000

G (S} — Solutionmap —————————

Plant

Compenszatar LI Sensor | LI
Voltage divider
Embedded *.div.
Compensatar hasn't heen Sellsolated ¥.sensor Ciossfreq  Phase marg.
loaded as yet. loaded as yet. I i I -
Select ane from the comba — — Select one from the —|—
o above combo box above. -

Help |
_}I Cancel | [1].4 I

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 =
Flant — Freguency r.ange[Hz]
iy max
] 10 10000000
G (S} — Solutionmap ————————
Compenzator | ;I SemEa I‘vfultage divider LI
Type 2
e vo
CDmF Equation Ra Crozs freq, Phaze marg.
loadeoas yer \ret I = I 5
- Select ane from the comba — =
above ﬂm; .
et..
Help |
[ 3 | Cancel | E. I

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 .

© 2024 Power Smart Control S.L.



SmartCtrl User's Guide

Cross frequency and Phase margin input *
Phasze margin ve Crozs frequency
250 It's highly recommended to click on the
unzhadowed [white] region for zelecting
\ an appropniate [Cross frequency, Phase
margin] couple of values,
200 .
Take care also of atterwation [[k[s]"R(=]l
at Fsw] and Phaze margin edit boxes,
when their backaroundz are red painted!
= 19 awuniil anmmiaii S T R et R e
=N
2 Crogs frequency FPhaze marain
L)
| |a49_511 |1 525
o 100
—d Kiz"Rz]l at Faw
\'1 -45.2196 Update
50
i Fhikdriin=0 Faw=100Fk, Help
10 100 Tk 10k 100k 1M 108 100 M
Cross frequency(Hz) Cancel |
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Method [ x|

// PI (Compensator)

Ep = 15 m
Ti 300 u

R=Fp * {1 + s*Ti) / [s*Ti)
return R

Parameter Value == foHz)
lKp | | 15m |29.0603

i PhM(=)
<= |93.0633

m =] [300u MG(dE)

— | 22.9419
Att{dB)

-38.8895

Help

s-domain model (equation editor) CMC

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

sc-g/(l)cmam model (equation editor) 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 (equation editor)

s-domain mode! Open... Save Save as... ‘

Fie |

// Buck (Power stage) Parametric sweep
Parameter Value s
R = 4.35¢6
L=30u |k |43
C =160 u e
Vin = 12.0 <5
L ~|[30u
// Plant transfer function
Gd = Vin / (L*C*s*s + (L/R)*s + 1) -
return Gd £ >
|c ][00
e e —————
<=
[vin ~|[2
——

Set defaults Editor... | Compile ‘ Caopy | {Select parameters |
" One frequency * Bodeplot  Export transfer function(s)...
Initial frequency (Hz) End frequency (Hz) In(A) Faw
| 10 | 10M | 3.3 100K

Mad(dB)

FPhaze(®]

X
5 tod(dB) vz Frequency
0
50
-100
-15010 100 1k 10k 100k 1M 10MIOOM
Frequency[Hz|
0 Phaze(?) vs Frequency
50
-100
-150
-20010 100 1k 10k 100k 1M 10MIOOM

Frequency(Hz|

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.

© 2024 Power Smart Control S.L.



Plant (equation editor)

s-domain model Open... Save Save as...
File:
/! Buck (Power stage) |- Parametric sweep
Parameter Value |
R = 4.35¢6
R - || 4.356
L =30u I _II
C =160 u A
Vin = 12.0 <
It =][30u
// Plant transfer function
Gd = Vin / (L*C*s*s + (L/R)*s + 1) e
return Gd
|e || e0u
==
fun [z
Set defaults | Editor... | Copy | Select parameters
1
* One frequency | ¢ Bode plot Exporttransferﬁ.lncnon{s}...l
Frequency (Hz) Tn(A) Fsw
10K 2 | 3.3 | 100K

Gain, phase and regulator components

Result | Mod(dB) = -3.50001 Arg(®) = -178.519 (-0.668149,-0.0161076)

Mad(dB)

Phase(®]

Frequenci[Hz|

Set defaults (all) |

Edit external functions | Add external function... |

Help

| Cancel |

oK
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X
5 tad(dB] ws Frequency
0
N
-50 ‘\
™,
-100
N
-15010 100 1k 10k 100k 1M 10MIOOM
Frequency(Hz|
0 . Phase(®) vs Frequency
\
-50
-100
-150
-20010 100 1k 10k 100k 1M 10MIOOM

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:
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Plant (equation editor)

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

File:

/! Buck (Power stage)

R = 4.356
L =30u

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 R EES
.—J—
=2
L MIED
.—J—
|e || e0u
.—J—
==
Jvin ~l[=
.—J—

Initial frequency (Hz)

" One frequency % Bode plot Export transfer function(s)... |

End frequency (Hz)

[Ix(ﬂ) Fsw

| 10 | 10M

l| 3.3 100K

Mad(dB)

Phase(®]

X
tad(dB] ws Frequency
50
0 \
-50 ‘\
™,
-100 \
-150
10 100 1k 10k 100k 1M 10MIOOM
Frequency(Hz|
0 Phase(®) vs Frequency
-50
-100
-150
-200
10 100 1k 10k 100k 1M 10MIOOM
Frequenci[Hz|
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)
mir mas
] 10 10000000

G (S} — Solutionmap —————————

Plant

Compensatar LI Sensar | LI

Current sengor
Hall effect z0[
Compensator hasn't been sensor hasn't been Crogs freq. Phase marg.
loaded as yet. loaded as yet. I i I -
Select ane from the comba — — Select one from the —|—
o above combo box above. -

Help |
_}I Cancel | [1].4 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 =

Plant — Frequency range(Hz)
iy mna
] 10 10000000
G (S} — Soluion map ——————
Compensatar ;I Sepgar |CUTEnt sensar LI
Type 2 .
Type 3
Cornifg Cross freq, Phase marg.
loade : _ I q I -
| Select ane fram the combo — ——— His) ———|—
ahove o

Help |
_}I Cancel | [1].4 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 ve Crozs frequency
250 It's highly recommended to click on the
unzhadowed [white] region for zelecting
\ an appropniate [Cross frequency, Phase
margin] couple of values,
200 .
Take care also of atterwation [[k[s]"R(=]l
at Fsw] and Phaze margin edit boxes,
when their backaroundz are red painted!
= 19 awuniil anmmiaii S T R et R e
=N
2 Crogs frequency FPhaze marain
L)
| |a49_511 |1 525
o 100
—d Kiz"Rz]l at Faw
\'1 -45.2196 Update
50
i Fhikdriin=0 Faw=100Fk, Help
10 100 Tk 10k 100k 1M 108 100 M
Cross frequency(Hz) Cancel |

© 2024 Power Smart Control S.L.



94 SmartCtrl User's Guide

Method [ x|

// PI (Compensator)

Ep = 15 m
Ti 300 u

R=Fp * {1 + s*Ti) / [s*Ti)
return R

Parameter Value < fc(Hz)
lKp | | 15m |29.0603
—| PhM({<)

e 93,0633

m =] [300u MG(dE)

| 22.9419
Att{dB)

-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
coefficients)

Previous Top Next

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 “
Defre the plant as:
s-domain model (squation editor)
™ Voltage mode controled

" Current mode controlied

s-domain model (polymomial coeffidents)
¥ Woltage mode controled

" Curment mode controlied

mb]cam|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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Grd(s) = nl + nl-s+n2-si+...+n1[l--sm
do+ dl-s+ d2-5" + ..+ dlD-le
no | 120 do | L0
nt| s6es  m [ 1ese7es
n2 | 0.0 g2 | 4,855¢-9
n3 | 0.0 d3 0.0
n4 | 0.0 d4 | 0.0
ns | 0.0 s | 0.0
n | 0.0 ds | 0.0
n7 | 00 a7 | 0.0
n8 | 00 ds | 0.0
ng | 0.0 do | 0.0
nio| 0.0 diof 0.0

Set defaults

di

Wizard

Frequency range (Hz)

mir

max

Vo)
Fawt(Hz)

3.99e5

10

.

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
Giabal blsck
° [di0 -]

{Physical varisbles -

Vo= 13 ffCutput voltage (V) Barticular block Edt

D =05 [/duty ode

Re=2e3 [[Capacitor resistance (Ohms) return 0.0 -
= 1,2e-9 [fCapaditor vake (F)

L =4de-56 [{Eguivalent nductamce (H)

R =6.823 [fResistamce (Ohma)

r =0.25

| Edt |

{ntarmediate variables

a =woD*{1-D])

b =Re™C
¢ =L"DR P b
d =LR

g =CoL*f+R)R
3 Comple | Yalue -

v

- All coefficents
Load... Saveas... vew | comple | Set defauts |

Results

.

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 [{Output voltage (V)

D =0.5 Jfidutycide

r =2e3 [fCapadtor resistance (Ohme
1.2e-9 j{Capadtor value (F)

426 [fEquivalent inductance (H)
@823 [/Resistance (Ohms)

0.25 v

] i | [

R
C
L
R
r
3

Coefficients block
The Coefficients block’torresponds 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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Coefficent

nl -
Particular blode Edit

retunn a*{b<) a

4 ¥

Compie | Value | 0

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.

Regarding the variable names in the assignments:

They must begin with an alphabetic character.

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

The names sqrt, pow, return and PI are reserved names that cannot be used as variable names.
Regarding the mathematical expressions:

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

Expressions can use the function sqn(a) which calculates the square root of a, and the
functlon 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.

oe o0 TR L

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

' [ |
) = 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.

1.6 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
corlrol circuil design

DC-OC carwerter - Single loop
Voltage Mode Control or ACHC

DC-DC corwverber
Peak curent mode control

DC-DC converter
fuverage Cument Mode Control

FFC Boost cormetter

~ Design a genesic topology — Design a genenc control syster

s-domain model editor ﬂ E quation editor

Import frequency response data
froen bt file

It is also available at:

File Design Options View Tools Warehouse Window Help
Ohess ™ fcGaG@EAS - 7 | W RN
B T T TR | TR TR | TRY TR | TRY T38| U7 | ¥ [Design a generic control systemls,
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E SmartCtrl - Controll
IFiIe Design Options View Tools Warehouse Window Help

| Predefined topeologies » 52 5 G
Generic topology > f
I~ Generic control system...
— Madify data... Ctrl+D
P Madify 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.
Equation editor (plant, sensor and compensator), single loop data input =
[ Digital Plant Frequency r.ange[Hz]
mir mas
] 10 | 10000000
G (S} Solution map
Compenszatar || ﬂ Sensor
Type 2
Type 3
Comy E!quation Crozs freq, Phaze marg.
loadem &= yer K(S) i | 0
- Select one fram the combo — =
above
Help
p|  cancel ‘ o |
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Equation editor (plant, sensor and compensator), single loop data input

[v Digital Plant

G(s)

Compensator || j Sensor
Fl digital

FID digital
E::]uation digital

T Lo T T T T oo

Corm
loaded as yet.

Select one from the combo — K(S)
above

ﬂ Cancel ‘ ok |

Frequency range(Hz)
ik nax
10 | 10000000

Salution map

Crogz freq, Phaze marg.
i | i

N

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.
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Equation editor (plant, sensor and compensator), single loop data input =
v Digital Plant — Freguency r.ange[Hz]
mir mas
] 10 124875
G (Z} — Solutionmap ————————
Compenszatar IEquatinn digital LI Sensor
Crozs freq, Phaze marg.
R(z) L K(z) . I

Help |
_}I Cancel | [1].4

Equation editor (plant, sensor and compensator), single loop data input >
v Digital Plant — Frequency r.ange[Hz]
rmir max
] 10 43350

G (S} — Solutiohmap ————————————

E quation digital

Campenzatar Sensor

Crozs freq. Phase marg.
R(z) | K(s) . o] ¢

Set...

Help |
_}I Cancel | ok I
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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 Trequency and Phase margin ingut | ===
Phate maice vz Ciott baquency
0 T Ii's kgl e onmmended to chik on the
i unchadicwed [whate] rogion b sekeelg
I an approgeale [Cices hoquangy, Frbio
".\,: g couple of vahie:
Taes cane also of aneevastion [R]s]Fis|l
&l Few] arod Phare maior st bouet,
11| E— | - : |l wihen lheir backgiounds s 1=d panled]
= ™,
E 1 Croes ieguency FPhase maigin
é [ [ress [o4
of -0 KPRz & Faw
i [su7zze Updale
: i":f.-:'l.'l.' ] Hela
ik | W0 1k Wk WOk 1M WM 0OM 16
Gt IuspaefFiz) Corcel | or |
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.
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Plant {equation editor) x
s-domain mode! Open... Save Save as... 50 Mod(dB) vs Frequency
File:
// Buck (Power stage) |- Parametric sweep 0
Parameter Value | = \
R = 4.35¢6 =l h,
4.356 b=l 50
L=30u Ir = z \
C =160 u A N
Vin = 12.0 | -100 \
L MIED
// Plant transfer function 05
Gd = Vin [/ (L*C*s*s + (L/R}*s + 1) =1 0 100 1k 10k 100k 1M 10MIO0M
return Gd FrequencyiHz|
|e || e0u
'—J— 0 Phase(®) vs Frequency
Jvin ~l[= \
-50
.—J—
E -100
i
-150
Setdefaus |  Editor... |  Compie | copy | St parameters
-200
10 100 1k 10k 100k 1M 10MIOOM
" One frequency * Bodeplot  Export transfer function(s). .. | Frequency{Hz)
Initial frequency (Hz) End frequency (Hz) Controlled mag. Fsw
oM I 33 50k Set defaults (all) |

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... Add external function... 50 Mod(dB) vs Frequency
File |
// Buck (Power stage) Parametric sweep - 0
Parameter Value <3l =
R = 4.356 2
L=30u Ik |45 3 \
C=1e0 u e N
Vin = 12.0 <> -100 \
IL ;I | 30u
// Plant transfer function i
Gd = Vin / (L*C*s*s + (L/R)*s + 1) I Y40 100 1k 10k 100k 1M 10MIOOM
return Gd Frequency[Hz)
e ~| [ 160u
— 0 Phase(?) vs Frequency
[vin ~l[= \
-50
e
_1;% -100
T
-150
Set defaults | Editor... | Copy | Select parameters
1 -200
100 100 1k 10k 100k 1M 10MO0M
(" Bodeplot  Export transfer function(s)...
Frequency(Hz)
Frequency (Hz) Controled mag.  Fsw
10K 2 I 100K Set defaits (al)
Edit external functions |
Gain, phase and compensator components
Result | Mod(dB) = -3.50001 Arg(%)= 175618 (0.66814,0.0161076) Hep | Cancel | o« |

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) X

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

File

|' Paramefric sweep —‘
|87 Equation editor

- f/coefficients of the transfer function
b0 =10

k1l = 0.08763
1 | 2 | 3 b2 = -0.04781
afd =1
4| 5| 2 al = -1.993
a2 = 0.99&
o]

f/Control to output voltage transfer function in discrete domain

Gwvu = (bO*z*z+bl*z4+b2)/(al*z*z+al*z+a2)

s | z Ts
return Gvu |

Setdefauhsl LI ) LI
" One frequen: sqri() | pow(, )

Help | Cancel
Ok |

Once we click on "compile", SmartCtrl will request the user to define the sample period, Ts.
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s-domain mode! Open... Save Save as...

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

/fcoefficients of the transfer funci [~ Parametric sweep

b0 =0

bl = 0.08763

b2 = -0.04781

al =1

al = -1.993

a2 = 0.896

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

Gva = (bl¥*z*z+bléz+b2)/ (al*z*z+al¥z-
Itis necessary to define the sampling peried(Ts) to operate with the z-transform.

Ts(s): I A

return Gvu

|

< >
Set defaults Editor... | Compile | Copy | Select parameters
" One frequency % Bode plot Export transfer function(s)... |
Initial frequency (Hz) End frequency (Hz) Controlled mag. Few

I I I oM I 33 100K Set defaults (all) |

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.
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Plant {equation editor) x
s-domain mode! Open... Save Save as... 50 Mod(dB) vs Frequency
File | C:\Users\carol\OneDrive - POWER SMART CONTROL, 5.L\CAR T |4u 10 llll
f/coefficients of the transfer funci Parametric sweep 0 L7 \
b0 =0 Parameter Value =3 = 20
o @
bl = 0.08763 m ~I[e T 10 \
b2 = -0.04781 B \
al = 1 -} 1] \
al = -1.993 = 10 N
aZz = 0.9%9& |b1 j|8]".63m -20 \
//Control to output voltage transfe: —Jl; -3010 100 1k 10k 100k 1H
== FrequencyHz]
Gvu = (bO*%z¥z+bléz+b2)/ (a0¥%z¥z+al¥z- b2 ~| |4?‘81m
return Gva __l 0 Phase(®) vs Frequency
=2
|20 =[x
50
——
| [
[5)
21 B|EXE g
i
< > —Jl;
150 e
Set defaults Editor... | Compile ‘ Copy | Select parameters
-200
10 100 Tk 10k 100k 1M
" One frequency ¥ Bodeplot  Export transfer function(s)... T i ey FrequencylHz)
Initial frequency (Hz) End frequency (Hz) Controlled mag. Fsw
| 0 | 125K | 53 | 250k Set defaults (zll)

Half of the switching frequency

Edit external functions | Add external function... |

Help

| Cancel | oK |

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:
. 05
/! Voltage divider (Sensor) Parametric sweep
= -1
Ra = 96.2145 2
Bk = 300.671 = 15
KE=EBb / (Ra + Bb) 2
return K
-2.8
10 100 1k 10k 100k 1M 10MIOOM
Frequency(Hz|
0 Phase(®) vs Frequency
-01
0.2
03
0.4
% 0.5
o 06
R
0.8
Set defaults Editor... | Compile ‘ Copy | Select parameters 'D;:‘
11

10 100 1k 10k 100k 1M 10MIOOM
Export transfer function(s)... 5 Ha)
requencyHz|

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) x
s-domain mode! Open... Save Save as... 0 Mod(dB) vs Frequency
—
File | C:\sers'carol\OneDrive - POWER SMART CONTROL, S.L\CAR Ts: |4u B0
//sensor parameters Pl iEE 100
Es =1 Parameter Value =3 z =0
Fc = 25 k |Ks j | 1 %
= -200
//calculations — o
|
Wc = Z*PI*Fc [Fe D -300
//coefficients —Jl; -35010 100 1k 10k 100k 1M
b0 = Es*Wc*Ts Frequency{Hz]
bl = Es*Wc*Ts
al = Wc*Ts+2
al = WokTs—2 0 Phase(®) vs Frequency
A0 B
//Dicrete transfer function - \
H = (b0%z+bl)/(al%*z+al) - h
return H % -40 \\
2 50
= A\
-E0
70 \
Set defaults Editor... | Compile ‘ Copy | @0 \
Nz
-390
10 100 Tk 10k 100k 1M

Frequenci[Hz|

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.

Compensator (equation editor)

Navigation: SmartCtrl > Design a generic control system >

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
*P]

*Customer defined using the Equation editor

The following digital compensators are available:
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*PI Digital
*PID Digjtal
*Customer defined using the Equation editor
Equation editor (plant, sensor and compensator), single locp data input >
¥ Digital Plant — Freguency llange[Hz]
ity mna
] 10 10000000
G (S} — Solutioh map ————————
Compensator | j Senszor
Pl digital
PID digital
CompEquation digital Cross freq, Phase marg.
loaded as yet. ( ) 0 0
- Select one from the combao — K 5 = I
above =
Help |
| Carcel |[ ok |

© 2024 Power Smart Control S.L.



SmartCtrl 113

Equation editor (plant, sensor and compensator), single loop data input =
[ Digital Plant Frequency r.ange[Hz]
mir mas
] 10 | 10000000
G (S} Solution map
Compenszatar || ﬂ Sensor
Type 2
Type 3
Comy E!quation Crozs freq, Phaze marg.
loadeoas yer K(S) i | 0
Select one fram 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)

s-domain model Open... Save Save as...
File:
// PI (Compensator) - Parametric sweep
Parameter Value |
Fp = 15 m
*||15m
ms = 300 u ko <
R =Fp * (1 + s*Ti) / (s*Ti) <
return R |T| LI |300u
Set defaults Editor... Compile Copy |
Export transfer function(s)... | PWM Modulator User Modulator

X
i tad(dB] ws Frequency
-10 \
) \
T -20 \‘
= \
-30 \
—— |
-4810 100 1k 10k 100k
Frequency(Hz|
0 Phase(®) vs Frequency
10 il
1 //
-30
& -40 /
i /
2 50
= /
-E0
70 //
o ____...-/
-390
10 100 Tk 10k 100k

Frequenci[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.

PWM Modulatar

vp

Yo

Ramp

L4

h— kr—
—Tsw

Help | ok I Lancel

Wp (V)
WV [V])

tr (=)
Faw [Hz)

Taw 2]

1

32u

250k

a4

Ay
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User Modulator ot

Regulator Control

output G mod magnitude Gmod il

Modulator Gain

Help | 1] | 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 model

Open... Save Sawve as...

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

£

set defaults

// PID parameters

Ep = 3

Ti = 700 u

Td = 100 m

//Coefficients

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

bl = Ep*(-1+(Ts/(2%Ti))-2%(Td/Ts))
b2 = Ep*Td/Ts

al = 1

al = -1

aZz = 0

//Discrete time transfer function

B z = (bO%z*z+bl*z+b2)/ (alz%z+al*z-
return R_z

Editor... |

Ts: |4u

Parametric sweep
Parameter Value |
lko =l|s
——
|
[T ~| | F00u
e e ——————
=2
[t ~|[100m
_J—
=2
|20 =[x
——
|
|z1 ~| | -1
e e ——————
Select parameters |

Export transfer function(s)...

ADC and DPWM

Mad(dB)

Phase(®]

X
i tad(dB] ws Frequency
100 7
90
80
70
B0
50
40
30 \\ (,/
201§
10
10 100 1k 10k 100k 1M
Frequency(Hz|
o
100 Phase(®) vs Frequency
—
50 \\
0
50
-100
10 100 Tk 10k 100k 1M
Frequenci[Hz|
Edit external functions | Add external function... |
Help | Cancel | QK |

default parameters, more information in Digital Control.

frequency response can be analyzed as the parameters are varied.

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

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
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Equaticn digital >
— ADC — Digital compensator coeffidents format ——
R (Z ) Vmin(V) % Floating point
el e o
Vref_Digital Noits

Fsamp{Hz) 250k

tsynic(s) 4

RRRERRS

Duty cyde

— DPWM
Timing diagram

5000

Type I Leading edge vl

i} T n
T zampling d update
Nsteps | 4,096k 2 4000 \
3
= z000
B \ \
=
% 1000
= 1]
0 Au 10u 15u

Time(z]

Update | Set defaults | Help | 0K I 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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Method [ x|
// PI (Compensator)
Ep = 27.785 m
Ti = 300 u
R=Fp * (1 + s*Ti) / (s*Ti)
return R
Parameter Value == foHz)
fkp || 27.785m | 8.9635
: l, PhM(*)
|34.?439
I =] ISUU“ MG(dE)
— ] IEU.?S'EIS

Att(dE)

I—E‘.'-'.!.IBEE

Help |
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Method

Ep = 3

Ti = 700 u
Td = 100 m
J/Coefficients

b2 = Ep*Td/Ts
al = 1
al = -1
az =0

// PID parameters

£
Parameter Value g
Ik RIE
—
=2
[T ~||mou
—
=2
|Td ~|[wom
- 1
<z
|a0 ;d|1
— 1
<2
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

>

fo{Hz)

IllE.S?Ek

PRM(=)

I -75.9868

MG(dE)
-60. 3447

Att(dB)

I -204.863

Ts

e
_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 dec operating point

+ Vi . -
L e Conduction mode | Continuous
Rce R

Input parameters

Vinfv) |12
AL(Okms) [1n

Viﬁr
l

CT Duty cycle [275m

Set defaults

Calculate

Waveforms

IL avald) [757576m
ILmaxp) [317.076m
IL minfa) [538.076m
lo avgl) [757576m

RlOhms) [4356

Transfer func.

LH) [30u

Rc{Ohms) [50m
o [B0u
Potw) [25
FewlHa) [250k
vav) [33

Help | Cancel ‘ oK

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 121

Transfer functions graphics — L] X

L.E.l! GOI. zﬁl.

Magnitude (dB] vs frequency

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e e R

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

Phase (] vs frequency

0
50
s -100 ‘\
T
-200 | |
1 10 100 1k 10k 100 k 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 I
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The Transfer function graphics panel is resizable and with the user can measure any point with the

cursors.

Transfer functions graphics

40
30
20
10

20
30
40

0

-50

-150

e 7

Magnitude [dB) vs frequency

A\
1"\

787.411 mdB
0

N

M

S~

8.3635 kHz

10

100

1k
Frequency [Hz)

Phase [*] vs frequency

10k 100k 1M

-153.947 7

-180°

83635 kHz

-200
1

10

100

1k
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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‘ W e
; Select graphics to show
‘ . Inductor voltage vs time:
?
g %
>
4 0 Su 10u 15u 20u
Time [sec)
1 Inductor and Diode current vs time
0.9 - . e
~ g g ‘_q_‘-“- | qhh""’”«-.h___ - -\-...,*_M% e
= 06 e | e s [
= 05
— u,'ﬂ
= E
el 02
| 01
2 77555&3;
o 5u 0u 5u 20u
Time [sec)
331 Output voltage vs time
3.305
S \
3295 \/
329
0 S5u 10u 15u 20u

Time [sec)

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 (VMC 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)

1.71 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:

Y S

R R Uin[

B 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+

: L Yo
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 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:
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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)
Equivalent Series Resistor of the Inductance (Ohms)

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

C Output Capacitor (F)

R Load Resistor (Ohms)

P, Output Power (W)

Fq,  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;

T e
L[t 1

Voltage Mode Controlled Boost Converter

B

vin L“J H [ﬁm’ Rﬂm
[

L-current sensed Boost Converter
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Uin[ c T

Diode Current Sensed Boost Converter

L G +VYo
% f{ e

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

sensed simultaneously.
F:_‘:J; = W: j»Au—ﬂi +v
L 1]
Re R

Uin[ | c T ]

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 % i %ﬁ: Rl*‘“’

Boost (LCS-VMC)

— ) 1]
'”I'_U' +¥p
we RLglees) |
wid .
- T
Rl Qi
"
e *ﬂ(m“mw - m
[
Dutpcpcla | =]
Lagil | G T EI]'!rA_l m
Lvapy | I o T3
gy | e
i | 5
Va ] [ oo Y T T
Sel deboks | Wociate o] iy s Help Cavcel |I|

Boost (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.
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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:

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

The parameters shown in the input data windows are defined below:
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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)
Equivalent Series Resistor of the Inductance (Ohms)

RL
L Inductance (H)
R, Equivalent Series Resistor of the output capacitor (Ohms)
C Output Capacitor (F)
R Load Resistor (Ohms)
P, Output Power (W)
Fq,  Switching frequency (Hz)

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 in 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
: Vo
4 d 1+
J_ RL
) [ﬁm R
in L o
q

L-current sensed Buck-Boost Converter
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,;.
J_ nL ﬂ w3 +Vo
ljRI: R

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.

ﬁm: R
1
Buck-Boost (LCS-VMC)

Buck-Boost (PCMC)

A

I

RL

UT .
T
l_l

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 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:
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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

V) ®
": . T
T . LiH] 100w
- AciOhma) | Tn
- Steady-state dc opeeating port —————— on [T
Conduction mode |  Comtmous
Dty cycle L
i 04167 Ailuss} T
1L e 4] e Pefw] 100
1L min () a3
o FETEe
=
Set gafauis Updaieread orlyboses | Hep | Caweel |[ x|

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 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)
Equivalent Series Resistor of the Inductance (Ohms)

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

C Output Capacitor (F)
Load Resistor (Ohms)
Output Power (W)

R
PO
Fq,  Switching frequency (Hz)

1.7.4 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:

+ Vo T fre oy e *vo
Re R Vin

vin : CT ] R CT
el Ht T
1

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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1:Ht

L

RL+|

Re R

3 +Tc

d>_|

Flyback (PCMC)

I+'l.l'l:l

In the case of a average current mode control scheme, the magnitudes sensed are the output

voltage and the diode current.

Yin

Rc R

L;m+ TC

Flyback (DCS-VMC)

+ Vo

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:

ml‘é._?é c%“" “ﬂ_

Sleady-slate do opersting poink

— T |
Dty eyl [ [Eeeees]
Lavol) | ]
L macit] | 2667
IL min 2] m

[

vl | J

ln

St gl sults

Flyback (voltage mode controlled)

veen| @
FLjDbams) m
L) lm
FiciiDhms) |—1"
en|[  m

Filbens) J
Pofw] &

Lipdate raad cry Bt

Heb |

Carcel

o |

Input Data Window of a Voltage Mode Controlled Flyback and also for a Peak Current

Mode Control Technique
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Flyback (PCMC) | = |
Rk vo Wir{¥] a
-h-[ - ] t :W e N
.;g - L) By
FeciDihms] 1n
Slmady-tlate de cpesrating port
&0
Conducionmode | CoreE - :
Do FEeeee
IL v 4] 3T Rillbens| 1
1L e ) ET ) -
Fofw]
Lant | 358313
. — . w [
vl | 5 Fowibiz] 0K
Set gelouits Updete read criybees | e T

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)
Equivalent Series Resistor of the Inductance (Ohms)

RL
L Inductance (H)
R, Equivalent Series Resistor of the output capacitor (Ohms)
C Output Capacitor (F)
R Load Resistor (Ohms)
P, Output Power (W)
Fq,  Switching frequency (Hz)

* 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 jvollage sode contrellad )

Ehea-shab o operaiing pond

i | 2=
Condutionmade | Cotnums
Capepda | 0TI
Ly | i Rt | £l
Lresi | ZE A o | 28
— P =
T w [ omE
loxg i | in
Wa RF .=n-1-|g| me
Seldeimis | Lo seard o o Help caed | [

Forward (LCS-VMC)

© 2024 Power Smart Control S.L.



136

SmartCtrl User's Guide

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:

Forward (voltage mode controlled)

Vinlv] 27
FLiDhms) n
LM] T4 u
AciOhms) | 0023

Sheady-slabe do opesaling pomnt

Conduction mods Contirwois

By cycle 0475705

IL mase 2] 15242

I s &) 47505

I avg (4] 10

Sof defauts

IL avg () 19

Vo v .

CiF] 22m

Rits) L

Pofw] 20
. 1718
Fonry | 100K

Updote read oy boves |

oo | Concel |[ ok |

Input Data Window of a Voltage Mode Controlled Forward and for Peak Current Mode

Control.
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Steady-state de operating poirt
Conduction mode |  CoNinuouz
S
IL avg[A) [ 10
Lmsce) | 152429
IL i (A) | 475705
oavgit) | 1

lvom | )

Set defaults

Forward (PCMC)
v [ 20
ALt | 10
[ 1u
Reobms) | 10

CF 22m
Palw) 0
I a8
FaHz) | 100K
Lpdate read only booes

LriH] I S0

N [B91 715 m

| Heb | Cawel |[ 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 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)

n

R,

Inductance (H)

Equivalent Series Resistor of the Inductance (Ohms)

Equivalent Series Resistor of the output capacitor (Ohms)

L

RC

C Output Capacitor (F)

R Load Resistor (Ohms)

P, Output Power (W)

Fq, Switching frequency (Hz)

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

_":} Dy al:} D,

Q .
! Lix Ln  p R, L

+ Y o o | AN YYY\
Vas :
Q—uJ} ), ELK} o, é_k T _

3

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 (VMC RL) X

Win[] Iim
AUOhms | 1P
| 18y
Refdhms) | 1P

Steady-state dc operating point

Conti CIF) |71m

Conduction mode ’W
623835 Ly | 30w

Dty cycle ’7m
ILawagld) 52,2388 RiDhms] 128057

ILmnasfs 74,4216
EREY ot lﬁ

L[] 28,8963
De 703573 m e 500m
el ’78? FawiHz] m

256352
o : Coss(F] Ii-ln

v [ Poreved |

Set defaultz Update read only boxes Help Cancel | 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)

I2p 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-—--mmmmmmmeeeeeee
I2p -t
ILmin-n ----- L E—
't
1VAB
Vin --
t
VYA'R 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)
Fg,  Switching frequency (Hz)
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

Previous Top Next
(VMC RL - V1 to V2)
Power stage description (NEW in version 5.0):
Phaise Shitted Dual Active Bridge (VOB EL - W1 bW, single loop.
- : Comal “ + ZL:ML.J A T' S L] “ :;. b Coma T
L e * 1 L *
1 I Ef T 1

T G2 = R

- Re?

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

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

of the current at the switching instant must be:
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I7v< Bri _
> Zvs Bridge 1(Q1-Q3) in Q1 and Q3 transistorsof Bridge 1.

I7v5 Bri _
= Zvs,Bridge 1 (Q2- Q4) at Q2 and Q4 transistors of Bridge 1.

Lyvs Bri
= ZvsBridge 2 in the transistors located in Bridge 2.

2¢0 e
2Co0ss, Va( 4 }/,180 -1
IzvsBriage 1 (@1-03) = V1 L | a- Ly, -1~ FEy
2 o
2C0ss, Vs ( i }/,180 - 1)
IZVS.B}"I’dge 1(Q2—-04) — i L + 4-L,-n-F,,

2C0ss;
Izvs.ﬂrmgez =V —L

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

a series resistance to the magnetizing inductance Lm (ESLm) of 1Q are considered to help the
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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 ta V2) plant - O s
Steady-state dc operating point Input parameters
+ Qm iy tin ;r: Phase shit(’) [57.885 viv) B
" TC* ﬁ} " :EPF c“‘]‘v_z ROhms) 3 vap) [120
ILmsia) [10452 FswiHz) [125k
ILmaa) [11782 nN2/NT) [200m
ILmmanit) [183.346m cif [loou
lprims(a) [10505 RelOhms) [Tm
lpimad) [11975 Coss1fF) [386p
avgla) |8 C2F) [470u

Zavle) [0 Ae20hms) [Tm

25 inBiidge 1 [01.0203.04 Coss2F) [333p
2VS inBridge 2 |05.0607.08 Poutfw] |48k

L{H) [W

Lm(H) [6545m

Set defaults | Calculate | W aveforms | Transfer Iunc.l Help | Cancel | oK I

Parameter description in the initial dialogue:

Input parameters:

V1(V) Input voltage (Volts)
V2(V) Output voltage. Controlled. (Volts)

Fsw(Hz) Switching frequency (Hertz)
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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 Q5 related to the

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

°) = 180 + |- —
@(°) >

| F sW i
R(Ohms) Load resistance (€2).
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
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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 ZVS-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 waveforms

*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:

Vi1 = Vps,g2 — Vps,p4

=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:
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Ug2 = Vps,ge — Vps,p8

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

*Inductor voltage vs time

Waveforms graphics - O X
| Select graphics to show I
Bridges differential voltages vs time
=| 1000
S 500
-~ 0 y ) f 3
= ‘ 500
>1 10003 5u 10u 15u 20u
Time [sec)
15 Inductor current vs time
‘I U P — e —
— 5 7 AY 7 Y
z ‘ i/ X, 7 N
pu AL S AY Fd N\
RTijrs N y N
158 —— N——
0 S5u 10u 15u 20u
Time [sec)
1 12 E% % Bridge 2 output voltage vs time
& Ny g \ .
i S - L
0 5u 10u 15u 20u
Time [sec)
1500 Inductor voltage vs time
1000 —
= 1
s ‘ 0 ! I | !
T L L
0 Su 10u 15u 20u
Time [sec)

*Primary winding current vs time

*Magnetizing voltage vs time
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*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.

‘ Waveforms graphics — O K

Select graphics to show |

Primary winding curent vz time

z 1 f
Bl g ‘
] Bu 10u 15u 20u
Time [sec)
1000 Magnetizing voltage vs time
s 500 1 3
\ = ‘ 503 _‘ -\—,——|— i
= 1000 !
0 S5u 10u 15u 20u
Time [sec]
02 Magnetizing curent vs time
=
=lE ‘ 01 \/’/ \/ |
0.2
0 Su 10w 15U 20u ‘
Time [sec)
100 Secondary winding current vs time
%’ Of—~ = W —;
] -50
- -100
S5u 10u 15u 20u
Time [zec)
_ 1 gg To-the-oad current vs time
& 0 \] ~d J \\J \\J
2 -50
= -100
0 Su 10u 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.
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*Drain current of Q1 vs time: Ql drain current. Being smaller than

I7vs Bri _
Zvs,Bridge 1(Q1-0Q3) at the turning-on means that the transistor has ZVS.

*Drain-to-source voltage of Q5 vs time: Drain-to-source voltage at transistor Q5 (Bridge
2, internal 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.

Izvs ridge 2
*Drain current of Q5 vs time: Q5 drain current. Being smaller than ZVS.Bridge at

the turning-on means that the transistor has ZVS.
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Waveforms graphics — Ll X
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.

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.
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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 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 QS8 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.

Cames and medulating signals vs bime

Caer(V], ModV]

Tieme [z0c)

Phaze shit

07
‘ 0y

Phass shift

025

i 10w 2 u
| Timas [zoc)

| 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
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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
Grod = ———<
mod (V;} _ Vu)

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

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

Previous Top Next

Power stage description (NEW in version 5.0):

Phase Shifted Dual Active Bridge (WVMC ERL - V1 to V2], single loop.

- - - LI
as ¢ | ar —.
g g B
M & ==Coss5 I8 & == CossT
- 1—
% ¢ % c? SR
L 1 5 i
i Z gy 06— a8+ = Re2 B E
- i =
' LTS |_ Coss6 | |R& Lcosse | [
| |
* - - - l

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
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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:

I7v< Bri _
o> ZvSBridge 1(Q1-03) in Q1 and Q3 transistors of Bridge 1

I7vs Bri _
0> ZvsBridge 1(Q2-Q4) in Q2 y Q4 transistors of Bridge 1

1 S B
0> ZVs.Bridge 2 in the transistors located in Bridge 2

20 i
2Coss; |Val {}7,180_1)_

IZVS.BrI'dge 1(Q1-Q3) — vy L 4-L_-n-FE
m 5w

20 -
2Co0ss, Va( P }/,130 -1)
IzvsBriage 1(02-04) = V1 I + 4. -n-FE
m sw
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2C0s855
fzvs.ar:'cigez =1; —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 1Q 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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Phase Shifted Dual Active Bridge (VMC ERL - V1 to V2) plant — O X

Steady-state dc operating point Input parameters
+ me Ty 0 ;r: Phase shit(’) [57885 vivy B
" TO‘ -IH'} " IE'L“I- c*‘]’v_z ILmsid) [10452 va) [1z0
ILmax(a) |11.792 Fsw[Hz) [125k

ILm,max(s) |183.346m nN2/M1) W
Ipri,msf) |10.505 C1(F) W

lpri,maxfa] 111.975 Rec1(0hms) [1m
Havgla) |8 Coss1(F) |366p
12avgl) |40 C2(F) |470u

Poutiw] |48k Re2iOhms) [Tm

25 inBiidge 1 [01.0203.04 Coss2F) [333p
25 in Bridge 2 [95.06.07.08 LH) [545u
Lm(H) W

RsiOhms) [5m

EV) [1138

Set defaults | Calculate | Waveforms | Transfer lunc,l Help | Cancel | 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)

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)
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L(H) Inductance (Henries)
Lm(H) Transformer's magnetizing inductance referred to the primary (Henries)
Rs(Ohms) Series resistance in the bus load

EV) 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:

i 1 .
1 J(m)'vlz'VEZ_B'L'Pour'Vl'Vz
@(°) =180 |5 —

2 [1
21— V-V
: Fsw o2 -

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)

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

Pout(W) Load power (W)
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ZVS in Bridge 1 This field shows which transistors in Bridge 1 meet the constraint to be
considered as switching a ZVS-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 simultancously.
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:

Vi1 = Vps,g2 — 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:

V22 = Vps,ge — VDs,Q8

eInductor current vs time

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

Waveforms graphics - O X
Select graphics to show
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*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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eforms grap — O 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 VI, 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: QI3 drain current. Being smaller than

Izvs Bridge 1 (Q1-03)

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

*Drain-to-source voltage of QS 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
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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.

Izvs Bri
*Drain current of Q5 vs time: Q53 drain current. Being smaller than ZVs.Bridge 2

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

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
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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 QS.

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

Phase Shifted Dual Active Bridge (CS Previous Top Next
ERL - V1 to V2) HIEIOHS 2ok

Power stage description (NEW in version 5.0):

Phase Shifted Dual Active Bridge (C5 ERL - V1 to V2), single loop.

o J N it g | a1
. J' J‘(:ljsil J"" i J' == Cossh _I" CossT
jull ] rin jull jull
. AN I i} .
J[_m filtar st L T:%Lm §§ T C2_fiter :?::R
I 1 L5 1 ) |
f V1 _'f:_r. fed a2 Lle G‘Tj(l ESLm$ QGL;_J_ Q8 J_ _'f]; Re2 pS
J:Aﬁ]c.ossz J!i_'.- [z |_|!1_+Icoss.ﬁ _IEFIUO‘.-',B e
= R
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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:

Ivs Bri _
o> ZvSBridge 1(Q1-03) in Q1 and Q3 transistors of Bridge 1

Lyvs gri _
o> ZvsBridge 1(Q2-0Q4) in Q2 y Q4 transistors of Bridge 1

v gri
0> ZVsBridge 2 in the transistors located in Bridge 2

2¢0 o
2Coss; |Va( P }7,180 -1)
IZVS.BrI'dge 1(Q1-Q3) — Vi I _ A-L_ -n-F
m W
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2@
2Coss; |Val Y }7,180 —-1)
Izvs.Briage 1 (02—04) = V1 L A-L_-n-F
m Sw

2Co0ss5
fzvs.Br:dgez =V —L

*The input impedance (Zi) calculation considers the input filter (C1 + Rcl)
*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 1Q 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 de operating point Input parameters

" QR“ Tt ;u—({ Phase shit’) [57.885 i 5%

.11 To, ""Jl} " ’EPF caT"_z Limsia) [10452 avalt) [0
ILmade) [11792 Fowtt) [T
ILm.max(d) [183346m nN2/N1) [200m

I ims{A) W i W
Ipri.max(A) W Re1(Ohms) [1"‘—
avgla) |8 Coss1(F] W

vy [120 o [foe

Poutfw] |48k Re2(0hms) [m—

25 inBridge 1 [01.0203.04° Coss2F) [333p
25 inBridge 2 [95.0607.08 M) 545
LmH) [6545m

RAs(0hms) ,5rr|—

Ev) [1198

Set defaults Calculate Waveforms Transfer func. Help | Cancel oK

Parameter description in the initial dialogue:

Input parameters:

VI1(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)

Rc2(Ohms) Series resistance to the output filter capacitor (Ohms)
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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

EV) 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:

i 1 .
1 J(m)'vlz'VEZ_B'L'Pour'Vl'Vz
@(°) =180 |5 —

2 [1
21— V-V
: Fsw o2 -

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)

Pout(W) Load power (W)
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ZVS in Bridge 1 This field shows which transistors in Bridge 1 meet the constraint to be
considered as switching a ZVS-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 simultancously.

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:

Vi1 = Vps,g2 — 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:

V22 = Vps,ge — Vps,Qs8

*Inductor current vs time
*Output current vs time: This is the average current controlled, 12.

*Inductor voltage vs time
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Waveforms graphics — O s
Select graphics to show
Bridges differential voltages vs time
— 1000
=3
] ‘ 500
}~ i} I % f 1
z | 500
5 I
(s Su Tou 150 M
Time [sec)
s Inductor current vs time
10 I
T AN 7 AN
=
3| & // N // \\
10 N
15
0 Su 10u 15u 20u
Time [zec)
50 Output current vs time
o /\ /’\ /\\ -
g = \ = —
2l g \{ : V \} : \J
10
0 5u 10u 15u 20u
Time (sec)
.1| ggg Inductor voltage vs time:
5| 500 ! ! !
g| . | | | ]
= | E—  —
-1500
u] 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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— O X
i Select graphics to show |
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' Bu 0w 15u 20u

Time (sec)
*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 VI, 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: QI3 drain current. Being smaller than

I7v¢ Bri _
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 in the SMC main window.
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*Drain current of Q5 vs time: Q53 drain current. Being smaller than

the turning-on means that the transistor has ZVS.

I ZVS . Bridge 2

- O X
‘ Select graphics to show
|
Drain-to-source voltage of Q1 vs time
600
= 500
s 400
| 2
=
ST
L 0 Su 10u 15u 20u
Time (zec)
15 Drain current of Q1 vs time
10
g 3
o 57 L2
A}g/ V4 ‘
o 5u T0u 15u 20u
Time [sec)
150 Drain-to-source voltage of 05 vs time
= 100
uw
o
) 50
e
0
o S5u 10u 15u 20u
Time [sec)
- Drain current of Q5 vs time
T | g
[ra] 1H
e é
o 5u 0u 15u 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 QS.
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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 QS8 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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Camer 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 Converter

Navigation: SmartCtrl >

Three-Phase PFC Converter Previous Top Next

1.8.1 Single-Line Diagram

Navigation: SmartCtrl > Three-Phase PFC 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 topologies, types of control, modulators, loads and filters.
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Single-Line Diagram = O x
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Phase-Locked Loop td adulator -
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EMI Filter Cartrol

|N.n".t'-‘« ﬂ |DQ contral + Pl current compensator ﬂ

The drop-down list called “PFC Topology” allows the user to choose different types of rectifiers.
o Three-Phase Two-Level Boost Rectifier
e Three-Level Three-Phase Vienna Rectifier.
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.
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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.
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e Structure 4: Two stages of differential mode and two stages of common mode with
capacitor connected to the neutral point.
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e N/A: Not applicable.
The drop-down list called “Load” allows the user to choose different types of loads.
e R: Simple resistor
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

rLL L
ANN— Y
ANNAN— I

Three-Phase
PFC

/\/\/\/_N\f'\f'\—

QOIS

e [CL: 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.
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e LCL passive damping: Two inductors and one capacitor per phase. The damping network

177

Three-Phase
PFC

considers a capacitor and resistor in parallel to the main filter capacitor.

E

rL,; L,

/\/\/\/_/VW\—

5155

Three-Phase
PFC

e

The drop-down list called “Modulator” allows the user to choose different types of modulators.

e PWM: Sinusoidal Pulse Width Modulation

Modulating Signal

e SVPWM: Space Vector Pulse Width Modulation

Modulating Signal
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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

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.
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Single-Line Diagram
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In the menu bar, the user can select the different input data windows.

| P File Design View Tools Options Warehouse Window Help - & x
DS BB o & nm i Y IS g0mMET olp ol§3
SLD G PS EF PLL H H H MOD Ci C C I S Mg AR R e Y |
E ,—| L

O EMI Filter c [ Load ]

PEC Topology Main Fiter Load

[Two-Level Boost Reciifier ~ ~ |n ~]

Phase-Locked L Modulator ¥ Dial

SRFPLL ~ PWM ~ igh

EMI Fiter Control

[nza ~] [0 contiol + PI cunient compensator v

Help

Ready

SLD

Single-Line Diagram window

B

"~ Control Structure window

PS

Power Stage window
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EF

EMI Filter window

PLL Phase-Locked Loop window

Hi

Current Sensor window

He Grid Voltage Sensor window

Hy

Output Voltage Sensor window

MOD Modulator window

Ci

Current Compensator window

Cv Output Voltage Compensator window

Cee pe-tink Voltage Balancing window

ATT

emi EMI Filter Attenuation graph

"'\_\._\_EH
P Solutions Map of Phase-Locked Loop

:::2“ Nyquist Diagram of the Phase-locked Loop

'mﬂﬁ Transient response of the Phase-Locked Loop in small signal

T

“~"me Graph of the transient response of the Phase-Locked Loop considering a phase step

'\\_\_\_EH
“—% Solutions Map of current loop

'\_\_\_5”
*—t+ Solutions Map of output voltage loop

&M
“tw DC-Link Voltage Balancing solution maps

—A

~— Bode diagrams of different transfer functions

System Level Stability Analysis window

SCH
:E}* Schematic of the entire system
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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.

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).

s
The stability of the system can be checked by analyzing the bode diagrams. ~
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Resdy NUM

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

. . f=al
to third-party simulators =" .
The third-party simulators that SmartCtrl can export are: PSIM or SIMBA .
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1.8.2 System Level Stability Analysis

Navigation: SmartCtrl > Three-Phase PFC 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 impedance 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, Zo , is much smaller than the magnitude of the input impedance of the three-phase

rectifier, Zin, then system stability can be guaranteed.

ZEMI

«<1

in

Sometimes, Middlebrook's criterion can be very restrictive, so there is another criterion called
the “gain margin and phase margin criterion.” This criterion states that, at the intersection of
the input and output impedance, it is not enough to simply check the magnitude; rather, if the
phase difference is less than or equal to 180°, the stability of the system can be guaranteed.

ZEMI

Zin

< M and |arg(ZEM!) — arg(Z;,)| < 180° — PM

Two examples are given below:

Stable System

In this 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. SmartCtrl has a tool called System

ZodZi

Level Stability Analysis. To access this tool, click on the icon

This tool automatically predicts system level stability based on the Gain Margin Phase Margin
criterion. As can be seen in this first example, the system is predicted to be stable.

(] X

System Level Stability Analysis
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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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In the second example, an outer control loop has been designed with a crossover frequency
equal to 347 Hz and a phase margin of 80° as shown in the following figure.

Inductor Current Compensator  — O X
Inductor Current Compensator Solution Map e (M gepits - @ £
Gru Trw GRY Guw Gl Toe Gi Bi Hi He Hy GHi Ci | Ti G Gv Gy Cv| Tu B8 Guo Gwa 2o

~ J_+,\‘T\ Phose marginvs Crosshequency o R SRR S =L SRR M S R S S B e
— K, —

! sT Magrituds (dB) vs frequency

P
PrM [ 50 150

FeHa) [0k
kp [G2208
Ti [1452u
Edit grou 045
Phi and Fo - e S
Implementation
Standard fom - E

Phase margin

Ti.Tw

1 1 100 Tk 0k 100k 1M
1 10 100 Tk 0k 100k 1M
Output Voltage Compensator - a X F H
Output Voltage Compensator Solution Map requency (Hz)
Fhase margin ve Cioss frequency & Phase (%] vs frequency

14+sT,
»
sT; B I —
Phi (7) |B0.836

FeHa) [B7857

kp [TE5

Ti [eiam
Ed gy
Phid and P S
|mplementation

S a
Stendard form T 7 W Tk 10k 00k 1M 7 [ 00 TR Tk 3 ™
Sweep Help Cancel oK. Cross hequencylHz) Frequency [Hz)

~—

TiTv

© 2024 Power Smart Control S.L.



SmartCtrl 185

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.

As can be seen, the System Level Stability tool predicts that the Gain Margin Phase Margin
criterion is not met. Additionally, SmartCtrl shows information on which point the criterion is
not met.

System Level Stability Analysis = m} x|
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In this example, it is verified that the system is unstable, as can be seen in the following figure.
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1.8.3 Control Structure

Navigation: SmartCtrl > Three-Phase PFC Converter >

Control Structure Previous Top Next
This window shows only the control structure. No parameters are defined in this window.

— [m]

£ Inverse — Med,

Park Transform — Mod,

las o ldaabg |
lo

Current sensed on L

Park

¢ ——— Transform
3 (abc-da) e

lo

Help

1.8.4 Power Stage

Navigation: SmartCtrl > Three-Phase PFC Converter >

Power Stage Previous Top Next

1.8.4.1 Three-Phase Boost Rectifier

Navigation: SmartCtrl > Three-Phase PFC Converter >

Three-Phase Boost Rectifier Previous Top Next
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L

Navigation: SmartCtrl > Three-Phase PFC Converter > Power Stage >

L Previous Top Next

The power stage window allows the user to select the desired input parameters.

E I L
) AMA— A
)~ |
& VAT [Load ]
@ /\/\/\/_va\ O

[

o JoZ k,gé‘jﬁi l:

E [line-lne RMS) |4UD Po [w] |3D k Faw [Hz] |4D k
fline (Hz) |50 C(F] [470u LH) |470u
Wo V) IBEIEI R [Ohmz] |50 m RL [Ohms] [10m

Help Cancel Ok |

The parameters of the converter:

E Line-to-line Grid Voltage (VRMS)

Fline  Grid Frequency (Hz)

Vo Output Voltage (V)

Po Output Power (W)

C Output Capacitor (F)

Re 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)
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LCL

Navigation: SmartCtrl > Three-Phase PFC Converter > Power Stage >

LCL

Previous Top Next

The power stage window allows the user to select the desired input parameters.

s JEI?P . ,,__,JE%

Ay
VW

% J?FS i -F

Elineine FMS) [400 Relhms) [50m RL2 (Dhme) [1Om
fine (Hz) [0 Fsw (Hz) [0k oy [10u
Vo V] |800— L1H) W Fict [Dhrms] W
Fotw) [30k RL1 (@hms) [107m
ciF [470u L2H) [3u

Help Cancel Ok

The parameters of the converter:

E
Fline
Vo
Po

Rc

Fsw

L1

L2

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)

Equivalent Series Resistor of the converter-side Inductance (ohms)

Grid-side Inductance (H)
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RL2  Equivalent Series Resistor of the grid-side Inductance (ohms)
Ct AC Capacitor of the LCL filter (F)
Rcet Equivalent Series Resistor of the AC Capacitor of the LCL

LCL Active Damping

Navigation: SmartCtrl > Three-Phase PFC Converter > Power Stage >

LCL Active Damping Previous Top Next
The power stage window allows the user to select the desired input parameters.
- a
hIJE\} h:‘JE hﬁJE%
o
[Eoa]
o
E (line-line RMS) (400 Re (Ohms] |50 m RL2 [Ohms] [10m
fline [Hz) |50 Faw [Hz] 40k CE[F) (10w
wa V] [B00 L1H) [a0u Ref (Okms) [50m
Pa [ |30k RL1 [Ohms] {100 kd |1
CiF) [470u L2(H) [au
Help | Cancel | Ok

The parameters of the converter:

E Line-to-line Grid Voltage (VRMS)
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)
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Fsw  Switching Frequency (Hz)

Ll 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)

Rcet Equivalent Series Resistor of the AC Capacitor of the LCL filter (ohms)

Kd Active damping loop gain

LCL Passive Damping

Navigation: SmartCtrl > Three-Phase PFC Converter > Power Stage >

LCL Passive Damping Previous Top Next
The power stage window allows the user to select the desired input parameters.
— O
sjg} o8 SJJES
E L, L, L, L,
AN
< il
~ AAA— ¢
1.
v ANt __
16, < g Ry < % & = b
$3% 53% HE RE
TIT "TIT
E lline-line RMS5) (400 R [Ohms] |50 m RL2 (Ohms) [10m
fline (Hz) |50 Faw [Hz] |40k CEiF] [10u
Yo ] |800 L1(H] 30w Fef (Ohms] (50 m
Pow] |30k RL1 [Obmz) [10m Rd (Ohms] [10
ciF [470u L2(H) [Au cd(f) [1u
Help | Cancel | Ok

The parameters of the converter:
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E Line-to-line Grid Voltage (VRMS)

Fline  Grid Frequency (Hz)

Vo Output Voltage (V)

Po Output Power (W)

C Output Capacitor (F)

Re Equivalent Series Resistor of the output capacitor (ohms)

Fsw  Switching Frequency (Hz)

Ll 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)

Rcet Equivalent Series Resistor of the AC Capacitor of the LCL filter (ohms)
Rd Damping Resistor (ohms)

Cd Damping Capacitor (F)

1.8.4.2 Vienna Rectifier

Navigation: SmartCtrl > Three-Phase PFC Converter >

Vienna Rectifier Previous Top Next

L

Navigation: SmartCtrl > Three-Phase PFC Converter> Power Stage >

L Previous Top Next

The power stage window allows the user to select the desired input parameters.
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Power Stage — O

E I

7

PR rlE T
T

@ ©

AN
D] DI D

E (line-ine RMS) [400 Po (w] |30k Fsw [Hz) |40k
fine ) [50 cF [470u LH) [470u
Va () |800 Rc (Ohms) |S0m RL (Ohms) [10m
' Hep | Cancel | 0K |

The parameters of the converter:

E Line-to-line Grid Voltage (VRwms)

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)
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LCL

Navigation: SmartCtrl > Three-Phase PFC Converter> Power Stage >

LCL Previous Top Next

The power stage window allows the user to select the desired input parameters.

Power Stage = O

N
|

;“"=

WA —
-

YA Sre
1 2 «
1
Ty wff-‘a_ iy, LT ‘ih r?j _L(_
,_{‘;
v ANN— rﬂ Q M [(ad]
S, 5 L
V" AN~ ]K.] |‘>] S e
1wl Iwl ’]I( |
< l_ FANRY AN AN Y 1
iy fb i C./ Dy 1y 1y _I_('
111
TIT
E (line-ine RMS) 400 Re (Ohms) |S0m RL2 (Ohms] (10m
| fline (Hz) ISU Fsw (Hz) |40k CE(F) Imu
|
Vo [v] (800 L1(H) |90u Rcf (Ohms) |50 m
Po[w) |30k RL1 [Ohms) |10 m
C(F) [470u L2(H) [9u
Hep | Cancel | 0K |

The parameters of the converter:

E Line-to-line Grid Voltage (VRwms)

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)

L1 Converter-side Inductance (H)

RL1 Equivalent Series Resistor of the converter-side Inductance (ohms)
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L2 Grid-side Inductance (H)

RL2 Equivalent Series Resistor of the grid-side Inductance (ohms)

cf AC Capacitor of the LCL filter (F)

Rcf Equivalent Series Resistor of the AC Capacitor of the LCL filter (ohms)

LCL Active Damping

Navigation: SmartCtrl > Three-Phase PFC Converter > Power Stage >

LCL Active Dampling

Previous Top Next

The power stage window allows the user to select the desired input parameters.

Power Stage

rl, la

e

N e A AN Y

rt',;; :,;
111
LT
E (line-ine RMS) 400
fline (Hz) {50
Vo [V) |800

Po (w) [30k

CF) [470u

I I
1, DT 1y :-;T‘
il I
kh
191 }lt'] M II'E
Sl 8 L .
" %
”E IES 'ES %('
Rc [Ohms] |50 m RLZ (Ohms) |10m
Fsw [Hz) I‘iﬂk CEF) |10u
L1(H) |90u Rcf (Ohms) |50m
RL1 (Ohms) |10 m Kd |‘I
L2(H) [u
Help Cancel | 0K |

The parameters of the converter:

E Line-to-line Grid Voltage (VRwms)

Fline  Grid Frequency (Hz)
Vo Output Voltage (V)

Po Output Power (W)
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C
Rc
Fsw
L1
RL1
L2
RL2
Cf
Rcf

Kd

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)

Equivalent Series Resistor of the AC Capacitor of the LCL filter (ohms)

Active damping loop gain

LCL Passive Damping

Navigation: SmartCtrl > Three-Phase PFC Converter > Power Stage >

LCL Passive Dampling Previous Top Next
The power stage window allows the user to select the desired input parameters.
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Power Stage — O >
|1,JS IJ,JS n,JS jé._r"
ry Ly i, L,
A AMM—TT |:vl '_Ikl_ e
5115
sl T8
e A el llE]l.l — m grf'
E CUE |
CEEabid T T
I E W
E [line-line RES) [400 R (Ohms] |50 m RL2 [Ohms] [10m
fline [Hz] |20 Faw [Hz] |40k CEIF) |10u
I Yo [V IEUU L1H) |30u Rcf [Qhms] (30 m
Po [w) IEDk RL1 [(Ohms] [10m Rd [Ohms] |10
ciF [0 Lz [au cdiF) [Tu
Help Cancel | QK |

The parameters of the converter:

E
Fline
Vo

Po

Rc
Fsw
L1
RL1
L2
RL2

Cf

Line-to-line Grid Voltage (VRwms)

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 filter (ohms)
Rd Damping Resistor (ohms)

Cd Damping Capacitor (F)

1.8.5 EMI Filter

Navigation: SmartCtrl > Three-Phase PFC Converter >

EMI Filter Previous Top Next

1.8.5.1 Structure 1
Navigation: SmartCtrl > Three-Phase PFC Converter > EMI Filter >

Structure 1 Previous Top Next

The EMI Filter window allows the user to select the desired input parameters.

— O
L:m'_ rij'_ L'Jrn'_
VY ,\M/_/-\.r-v-v-\
- —
I [T AAN—
S Z
N = AN
rCym1 % rC.. % %
Came Comy —_
(¥ Cap) ¥ Cap)
Ldm1 [H) [40u Leml H) [Tm Crmos [F] |E0p
iLdml [Ohms] |10 m Llk.eml H] [14u Cr_gnd (F] [120p
rCdml [Ohms) |20 m 1Cernd (Ohens) |50 m
Cdm1 (F) |Tu Ceml [F) |330n
Help | Cancel | Qk.

The parameters of the EMI Filter are:
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Ldm1 Differential Mode Inductance (H)

rLdm1 Equivalent Series Resistor of the differential mode inductance (ohms)
rCdm1 Equivalent Series Resistor of the differential mode capacitor (ohms)
Cdm1  Differential Mode Capacitor (F)

Lcml Three-Phase Choke or Common Mode Inductance (H)

Llk,kem1 Leakage inductance of Three-Phase Choke (H)

rCcml  Equivalent Series Resistor of the common mode capacitor (ohms)
Ccmil Common Mode Capacitor (F)

Cmos Stray Capacitance between MOSFET’s drain and ground (F)

For Three-Phase Two-Level Boost Rectifier

Cr_gnd Parasitic Capacitance between Positive-Negative Rail and ground (F)

For Three-Phase Vienna Rectifier
Cp_ D Parasitic Capacitance between Diode Cathode and ground (F)

Cp_M Parasitic Capacitance of the midpoint of DC capacitors to 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.
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LISN
50 uH
e Ve Vo Ve
Y Ve Ve Vo
Y Ve Vo Vo
250 nF
+ + +
50 ohms Vi V2 V3

The common mode is considered as:
1
Vem = § . (Vl + Vo + VB)
The differential mode is considered as:

Vam = V1 — Vem

The attenuation displayed by SmartCtrl is calculated as follows:

Vdmwith_filter
&ttd_rn —
Vdm,without_filter
Vemwith_filter
Vem,without_filter

For the case of Three-Phase Two-Level Boost Rectifier, the following grounded parasitic
capacitors are considered for the estimation of the common mode attenuation.
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N

Cr_gnd ——

? Cmos SJJE? Cmos —— S5JE§

.

AT

Cmos S,

)

TAT

a
Cmos SZJ ? Cmos S4J% Cmos SGJ'E?

Cr_gnd ——

s

For the case of Three-Phase Vienna Rectifier, the following grounded parasitic capacitors are
considered for the estimation of the common mode attenuation.

Cp D D45 Cp D D5 Cp D YA rC
— — - Cmos —— Cmos —C
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1.8.5.2 Structure 2
Navigation: SmartCtrl > Three-Phase PFC Converter > EMI Filter >

Structure 2 Previous Top Next

The EMI Filter window allows the user to select the desired input parameters.

- O
Lemt [ — Lims
BV TV /\/\/\/_/YW\
L i
| ) AN Y
S
N -,-—V—-\Z/—v—\ AAN— VN

AN

E]

rcjm'_ % rc'_1:-:m|.|§ i rc'_m'_
Cym
dml C C

£ml

(¥ Cap) damp -
(% Cap) (¥ Cap)

Ldm1 H] |40 u Lemt (H] |1 m Cmos [F] |B0p
iLdml (Ohms] [10m Likem H) [T4u Crand(F [120p
{Cdmn [Thms) IW 1Cem1 [Ohms) |50 m iCdarmp [Dhms] |10

Cdml () [Tu Cemt (F) [330n Cdamp (F) [1u

Help Cancel QK

The parameters of the EMI Filter are:

Ldm1 Differential Mode Inductance (H)

rLdm1 Equivalent Series Resistor of the differential mode inductance (ohms)
rCdm1 Equivalent Series Resistor of the differential mode capacitor (ohms)
Cdm1  Differential Mode Capacitor (F)

Lcm1 Three-Phase Choke or Common Mode Inductance (H)

Llk,kem1l Leakage inductance of Three-Phase Choke (H)

rCcml  Equivalent Series Resistor of the common mode capacitor (ohms)
Ccmil Common Mode Capacitor (F)

rCdamp Damping Resistor (ohms)

Cdamp Damping Capacitor (F)
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Cmos  Stray Capacitance between MOSFET’s drain and ground (F)

For Three-Phase Two-Level Boost Rectifier

Cr_gnd Parasitic Capacitance between Positive-Negative Rail and ground (F)

For Three-Phase Vienna Rectifier
Cp D Parasitic Capacitance between Diode Cathode and ground (F)

Cp_M Parasitic Capacitance of the midpoint of DC capacitors to 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
I Ve Y e

250 nF

50 ohms Vi V2 V3

The common mode is considered as:

1
Vemnm = g (Vl + Vo + VE)
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The differential mode is considered as:

Vam = Vi — vem

The attenuation displayed by SmartCtrl is calculated as follows:

Vdm,with_filter
Vdm,without_filter
Vemwith_filter

Vem,without_filter

For the case of Three-Phase Two-Level Boost Rectifier, the following grounded parasitic
capacitors are considered for the estimation of the common mode attenuation.

N

Cr_gnd —

Cmos S3J E Cmos SBJE?%

)
)

I~

TAT

Cmos
Sy

:

.

AT

o
Cmos 2& Cnlosl S4JE‘§ Cmos SGJ

IH

Cr_gnd -

s

For the case of Three-Phase Vienna Rectifier, the following grounded parasitic capacitors are
considered for the estimation of the common mode attenuation.
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Cmos Cmos

IRy

L
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I8 Cp_ M
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Cp_D D, C

1.8.5.3 Structure 3
Navigation: SmartCtrl > Three-Phase PFC Converter > EMI Filter >

Structure 3

Previous Top Next

The EMI Filter window allows the user to select the desired input parameters.

i dm1 - rh Lar
- .
= —
. —_ _
'C:m%‘ % %l 'cm% § rC:“3§ § IC‘2§ %
Cim Cemt - Camz Cona _
(¥ Cap) I Cap) [cap (¥ Cap)
Ldm1 [H] [40u Leml (H] |Tm Cmos [F] |60p 1Cdm2 [Ohms] |50 m 1Cemz [Ohms) |50m
iLdm1 (Qhms) {10m Llk.cml (H) |14u Ci_gnd[F) [120p Cdmz(F] [1u Com2 (F) [330n
1Cdm1 [Ohms] |50 m 1Ceml (Ohms) |50m Ldm2 (H) |40u Lem2 (H] {Tm
Cdm1 [F) [Tu Cem [F] [330n rLdm2 [Ohms] |10m Lik.em2 H) |25 u

Help

Cancel

oK

The parameters of the EMI Filter are:

Ldm1 Differential Mode Inductance of the 2nd stage (H)
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rLdm1 Equivalent Series Resistor of the differential mode inductance of the 2nd stage (ohms)
rCdm1 Equivalent Series Resistor of the differential mode capacitor of the 2nd stage (ohms)
Cdm1  Differential Mode Capacitor of the 2nd stage (F)

Lcm1 Three-Phase Choke or Common Mode Inductance of the 2nd stage (H)

Llk,km1 Leakage inductance of Three-Phase Choke of the 2nd stage (H)

rCcml  Equivalent Series Resistor of the common mode capacitor of the 2nd stage (ohms)
Ccm1l Common Mode Capacitor of the 2nd stage (F)

Ldm?2 Differential Mode Inductance of the 1st 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 1st stage (F)

Lcm?2 Three-Phase Choke or Common Mode Inductance of the 1st stage (H)

Llk,kem2 Leakage inductance of Three-Phase Choke of the 1st stage (H)

rCcm2  Equivalent Series Resistor of the common mode capacitor of the 1st stage (ohms)
Ccm?2 Common Mode Capacitor of the 1st stage (F)

Cmos  Stray Capacitance between MOSFET’s drain and ground (F)

For Three-Phase Two-Level Boost Rectifier

Cr_gnd Parasitic Capacitance between Positive-Negative Rail and ground (F)

For Three-Phase Vienna Rectifier
Cp D Parasitic Capacitance between Diode Cathode and ground (F)

Cp_M Parasitic Capacitance of the midpoint of DC capacitors to 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.
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50 uH

LISN

250 nF

+ + +
50 ohms Vi § V2 V3

The common mode is considered as:

1
Vem = § (Vl + Vo + VEJ

The differential mode is considered as:

Vam = V1 — Vem

The attenuation displayed by SmartCtrl is calculated as follows:

Vamwith_filter
Vdm without_filter
Vemwith_filter
Vem,without_filter
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For the case of Three-Phase Two-Level Boost Rectifier, the following grounded parasitic
capacitors are considered for the estimation of the common mode attenuation.

N

Cr_gnd ——

5,

.

l_j‘

TN

25

IAT

Cmos S, Cmos

? Cmosi S,

.

AT

L) L
? Cmos l S4J J»—?

Cmos
Sy

Cr_gnd ——

s

For the case of Three-Phase Vienna Rectifier, the following grounded parasitic capacitors are
considered for the estimation of the common mode attenuation.

Cp.D _— D% Cp.D_— DA Cp D _— DL rC
1L ' Sl Ts,
— — - Cmos —— Cmos —¢
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1.8.5.4 Structure 4
Navigation: SmartCtrl > Three-Phase PFC 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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Cem Cemz2
[ Cap) v Cap
Ldm1 (H) [40u Leml (H] |Tm Cmos [F] |E0p 1Cdm2 [Ohms] |50m 1Cem2 [Ohms) |S0m
rLdm1 (Dhms) [10m Llk.crl (H) [14u Crand(F) [120p Cdm2 (F] [Tu Cem2 (F) [330n
1Cdm1 (Ohms] {50 m 1Ceml (Ohms] [50m Ldm2 (H] |40u Lem2 (H] [Tm

Cam [F] [T Ceml [F] [2300 el [Thms] [10m Lk oz H] [25u

Help | Eancel‘ oK

The parameters of the EMI Filter are:

Ldm1 Differential Mode Inductance of the 2nd stage (H)

rLdm1 Equivalent Series Resistor of the differential mode inductance of the 2nd stage (ohms)
rCdm1 Equivalent Series Resistor of the differential mode capacitor of the 2nd stage (ohms)
Cdm1 Differential Mode Capacitor of the 2nd stage (F)

Lcm1 Three-Phase Choke or Common Mode Inductance of the 2nd stage (H)

Llk,kem1l Leakage inductance of Three-Phase Choke of the 2nd stage (H)

rCcml  Equivalent Series Resistor of the common mode capacitor of the 2nd stage (ohms)
Ccmil Common Mode Capacitor of the 2nd stage (F)

Ldm2 Differential Mode Inductance of the 1st stage (H)

rLdm2 Equivalent Series Resistor of the differential mode inductance of the 1st stage (ohms)
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rCdm2 Equivalent Series Resistor of the differential mode capacitor of the 1st stage (ohms)
Cdm2  Differential Mode Capacitor of the 1st stage (F)

Lcm?2 Three-Phase Choke or Common Mode Inductance of the 1st stage (H)

Llk,kem2 Leakage inductance of Three-Phase Choke of the 1st stage (H)

rCcm2  Equivalent Series Resistor of the common mode capacitor of the 1st stage (ohms)
Ccm?2 Common Mode Capacitor of the 1st stage (F)

Cmos  Stray Capacitance between MOSFET’s drain and ground (F)

For Three-Phase Two-Level Boost Rectifier

Cr_gnd Parasitic Capacitance between Positive-Negative Rail and ground (F)

For Three-Phase Vienna Rectifier
Cp D Parasitic Capacitance between Diode Cathode and ground (F)

Cp_M Parasitic Capacitance of the midpoint of DC capacitors to 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.
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LISN
50 uH

250 nF

+ + +
50 ohms Vi § V2 V3

The common mode is considered as:

1
Vem = § (Vl + V, + VE)

The differential mode is considered as:

Vim = V1 — Vem

The attenuation displayed by SmartCtrl is calculated as follows:

Vdmwith_filter
Vdm,without_filter

Vemwith_filter
Vem,without_filter

211
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For the case of Three-Phase Two-Level Boost Rectifier, the following grounded parasitic
capacitors are considered for the estimation of the common mode attenuation.

Cmosl S,

|

_IAT

Cmos

i

TN

Sy

Cmos

.

AT

; Cmos

T 5

Cmos

Cr gnd

03

For the case of Three-Phase Vienna Rectifier, the following grounded parasitic capacitors are
considered for the estimation of the common mode attenuation.

L &L & x
Cp DlD1 Cp Dl D, CpﬁDl D¢ ?1\ ,8_2 rC
—~ - - Cmos —— Cmos -
M M| [[Load |
El E Cp_M
Clll()h‘% Cmos rC Il
DZS DZS DZS
Cp_D 2| Cp_D 4/ Cp_D 6 C
L L L
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1.8.6

1.8.6.1

Phase-Locked Loop

Navigation: SmartCtrl > Three-Phase PFC Converter >

Phase-Locked Loop Previous Top Next

SRFPLL
Navigation: SmartCtrl > Three-Phase PFC 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.

| Phase-Locked Loop — O x

Park ——

E, ‘ ! Transform Pl VOO
’ q Ky (abe-cle) E

=)

PhM (2 W kp [E61.934 m ™ Mormalized SAF PLL
Fz [Hz) |1UD.12 Ti[s] |531.?25u

Align d or q aniz
tz (5] |37.005m od ;I
Damping ratio [177.314 m &
| C— -

| Sweep | Help Cancel | QK I

The PLL control loop can be manually designed in several ways:
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e PhM and Fec: 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 >

Park I
[ | Transforim Pl VOO
a Ky {abe-da ) o e

o 1 ,/l_\\ KP L 1 )

< ST, 5

Phi 1] |2u_1 Kp |551.934 m ™ Momalized SRF PLL

Fc[Hz] (10012 Tilz) |951.726 u
Align d or q axis
tz (5] |3?.DE|5 m Ied LI
E dit
Damping ratia [177.314 IP;&'Z:S = B
ts and D amping ratio Swes Hel Cancel oK. |
| Kp and Ti P | ? | |

'\_\._\_EH
The user can also design the control loop with the solutions map =Mt 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.
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| Phase-Locked Loop — O >
E
Park e
E, . 1 Transform PI VOO
2 Kyg [ ahe-de) E, _L4sT, 1 o
© il
0
Module
Phi 1] |2u_1 Kp |21E.18? [ Momalized SRF PLL
Fe[Hz] |100.12 Tils] |B81.726u
Align d or q axis
ts (2] |3?.DE|5 m Ied LI
Edit
D amping ratio |1??.314 W IF'P:MQI‘::EID o LI
| 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.

Phase-Locked Loop = O *
Ey
Park
E, . )1 Transform Pl VOO
L) Ky Gane (ale-dq) E, '{'I_-'\\ K - Ry, T &
& i
— w-1 “-1
{

Phid (7] [20.1 Kp |54?.093m Fs |1Uk

Align d ar q axis

Fe[Hz) (10012 Tifs) [475.484u Ied ﬂ
ts () [44.773 m ke [EE2153m f;:hfr::dpk B
['amping ratio Im Rz Im [ Nomalized SRF PLL
Sweep | Help Cancel | (] 4 |
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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.

VEED >

PR (1) [20.1 }

Fo[Hz] (10012 j

ts(s) [44773m  —

Dramping 145739 m — j

kp [172:68 —

Tifs) [475.4584 u -—j

kz |216.258 -}

S O A A T N A

IRERE

Rz [(26.233m —|

1.8.6.2 QSG-SRFPLL
Navigation: SmartCtrl > Three-Phase PFC 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.
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Phase-Locked Loop = m} X
Do | -
I Clarlee Transform Pl vco
E, —_ + Transform {af-cley )
: ; : dq) | E, _ L4+,
R {ahe-af) 5 ‘ K, i =
=1 L
I 1 -
Phi (2] |20.1 Kp [B51.934 m [ Momalized SRF PLL
Fc[Hz) 10012 Tils) |581.726
Align d or g axis
ks [5] |37.UU5 m IEd ;I

D amping ratio |1?T.314m H
Sweep | Help | Cancel | 0K I

The SOGI means “Second Order Generalized Integrator”. The SOGI block diagram is shown in the

following figure. The parameter ™ represents the line frequency.

v

U | =

| =

v

SOGI

The PLL control loop can be manually designed in several ways:
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.
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Phase-Locked Loop = m} X
Do |
. Clarle Traunsform Pl veo
5 + Transform {af-ilq) F, 14T,
3 . {abe-uf) o ‘ h,,% a
T ! —
Phi (2] |20.1 Kp [B51.934 m [ Momalized SRF PLL
FeHz) [10072 Tils) [581 726 u
e el Im iﬂiijndorqaxis ;I
D amping ratio |1?T.314m f;&fl:;ldp o LI
Epa:':ldeaimping ratio Sweep | Hep Canced | [ oK |
™ 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.

= [m] x
Park _
| Clarke Iransform vao
+ I'ransform [etfcley )
4 {ahe-up) o + -2
Module
Phid (7] |20_1 kp |216.187 ¥ Momalized SRF PLL
Fc(Hz) |10012 Tifs) |591.726 0
Align d i
tefs] [37.005m |E|§n L E
Edit grouy
Dramping ratio |177.31 dm IPhMg andp Fe LI
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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Phase-Locked Loop - O X

Park
Clarke Trausform Pl VOO
Trawsform {ap-da) | E,
{abe-aft) o
[ i
Moduk
Ph [2) [201 kp [17668 RO
Align d or g asi
Fe(Hz) [10012 Tifs) [475 484 4 |£n ora g =
Edit group
tefs) [3#4773m vz [FE2E0 [Pt ndFo =l
Damping ratio [145.739 m R [FEzm ¥ Nomalized SRF PLL

Sweepl Help | Eancell oK |

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 bt
Pht 7] |2IZI.1 j <o
Fe(Hz) [100.12 1 <zl
be (] (44773 m -} <]
Dampinglm '_j =l
o [75 -
Tifs] (475484 u -—j |

|

«[FE T — o
e [z —) o

1.8.7 Inductor current sensor

Navigation: SmartCtrl > Three-Phase PFC Converter >

Inductor current sensor Previous Top Next
In the current sensor window, the user can define the gain and bandwidth of the current transducer.

e Kct: 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 Sensor = O b

Current
Transducer

r__T <0—4r

K.t Senzitivity [VA8) |1 [ Low-pass Filter

Ft:Bandwidth [Hz) 100k [ Unity Gain Feedback,

Yaffzet () |0

[ Signal Conditioning

Help | Cancel | Ok

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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C e ENs - D
Current
Transducer Signal
Conditioning
K¢

Fer | &

Kok Sensitivitg [A2) |1 Fac:Bandwidth [Hz) 200k

Ft:Bandwidth [Hz) 100k ¥ Signal Conditioning

Yaffzet (] |0 [ Low-pass Filker
KecGain |1 [ Unity Gain Feedback.

Help | Cancel | 0K

If the Low-Pass Filter option is checked then the user can define:
e Klpf: Gain of the Low-Pass Filter stage

o 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 Sensor = O =

Current

Transducer
Second Order

Low Pass Filter

P | @ |

£
Ku—‘r Fu-‘r SLPF

KetSensitiviy (v/8) [1 Flpf Cut-off freq. (Hz] [50k [ Unity Gain Feedback
FetBandwidth (Hz] [100k Dipf:Damping [700m

voffset(v] [0 T Signal Condiioning

klpk:Gain |17 [v Low-pass Filker

Help ‘ Cancel ‘ QK |

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 b4
Current
Transducer I
ADC
Kf-' | Vr‘wax .
i< v Modulating
Fei i min Update
1"""-01'{5&‘. N bits
Kok Sensitivity [V 48] |1 Wmas [+ |3.3 [ Signal Conditioning
Fet:Bandwidth Hz) (100 k Mbitz |12 [ Low-pass Filter
Sampling Technique ) )
Wolfzet [y ID ISynchrnnized sampling LI ™ Unity Gain Feedback
. Modulating T echhigue N
Ymin [ IU ISingIe Update LI [ Digital Filter
Help | Cancel | ok |

The drop-down list called “Sampling Technique” and “Modulating Technique” allows the user to
define the sampling frequency.

Sampling T echrigue Maodulating Technique
|Eynchrnnizad zampling ;l IEinghs update ;'

SI,Iru::hru:unized gampling
Overzampling Double update
P ) Multizarmpling update

The sampling strategy is shown in the following figures.

“Synchronized sampling” and “Single update”
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Carrier Signal

Modulatingsigna

N — N u[k] \\\\\

® & @ Samplinginstants of
inductance current

ts[K] is[k + 1] te[k+ 2]

3

‘Synchronized sampling” and “Double update”

Carrier 5ignal

Modulatingsigna

AN S ul¥] \\\\ ulk +1)

® [ ] ® ® ® Sampling instants of
inductance current

ts[K] gl +1] is[k + 2] o[k + 3] ig[k + 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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N,=4 Carrier Signal
Modulatingsigna
N ([k]
ulk — 4] \
[k +1] i[k + 3] i[k + 5] is[k+7]
® P ® Sampling instants of
T T T T T T inductance current
ts[k] is[k +2] io[k + 4] io[k + 6] ig[k + 8]
“Oversampling” and “Double update”
N,=4 Carrier 5ignal
Modulatingsigna
TL LT ulk + 4]
N ] u[k] ulke + 2]
-]
[k +1] [k + 3] i[k + 5] ig[k+7]
* & ® ® * Sampling instants of
T T T T inductance current
is[K] ig[k +2] [k + 4] i.[k + 6] i[k + 8]

“Oversampling” and “Multisampling update”
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N,=4

T&rSignal
Modulatingsigna

o T

AN

ol + 1] falk + 3] i,Tk + 5] L[k + 7] o
® L & T & ® ® T Sampling instants of

inductance current

ts[k] is[k +2] io[k + 4] io[k + 6] ig[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:

1

s =5 (ilk] +ilk + 1] +i[k + 2] + -+ [N, — 1])
: 3

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:

b * Ts=Tsw

e Synchronized sampling single update
e Synchronized sampling * double update —® Ts=0.5-Tsw

e Oversampling * Ts=Tsw/Ns
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Current Sensor

Current
Transducer

Foi G&—

Kok Sensitivity (V48] |1

Fet:Bandwidth [Hz) 100k

Waffzet [vw] |0
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Digital sy
ADC Filter
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Digital Filk
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IIF Second arder
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™ Signal Conditioning
™ Low-pass Filter
™ Unity Gain Feedback.

¥ Digital Filter

Help | Cancel| akK |

If the unity gain feedback option is checked then the static gain of the entire sensing chain is

compensated.
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With unity gain feedback
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Current Sensor

Current
Transducer

K
o Unity Gain 5
Feedback

/o\

Fer
\Y

offset

k.ct: Sensitivity (A8 |1 [ Low-pass Filter

Fot:Bandwidth [Hz) (100 k v Unity Gain Feedback

Waffzet [] |0

[ Signal Conditianing

Help | Cancel | (]

The total value of the inverse gain is shown in the output report .

Cutput data

RESULTS

Current Sensor

Inverse gain = B05.8€1l u

1.8.8 Grid Voltage sensor

Navigation: SmartCtrl > Three-Phase PFC 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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o KES: Gain of the isolated voltage sensor

3r Velan — r
arnd voliage sensol

Isolated Voltage

Sensor
™ E
5
KES >—
L~

KesGain |1

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.

Help Cancel

(118

e Nbits: Number of bits of the ADC to represent the analog input value.

Gnd Viabaae Sancor
and Vvoltage senso

Isolated Voltage
Sensor

=

KesGain |1
Wmin [] |0

Ymas [v] 3.3

ADC
V)

E E,
\'""min "
Nhﬂs

Mbitz |12

[ Unity Gain Feedback

Help | Cancel ‘
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If the unity gain feedback option is checked then the static gain of the entire sensing chain is

compensated.
E E; E 1 E;
— Kgs-Gapc —— — Kes ' Gapc » >
Kes - Gapc
Without unity gain feedback With unity gain feedback
Gnd Veltage Sensor — O X
Isolated Voltage
Sensor
ADC
V
1 Vmax Unity Gain | Es
Kes > min Feedback
-
NIJits

KesGain |1 Mhbits |12
Ymin (] |0 v Uity Gain Feedback
Ymax V) [3.3

Help | Cancel | QK

The total value of the inverse gain is shown in the output report .

| Output data

RESULTS

Zrid Voltage Sensor

Inwverse gain = B05_.8cl1 u

1.8.9 Output voltage sensor

Navigation: SmartCtrl > Three-Phase PFC Converter >

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)

Isolated Voltage
Sensor

KVS

F"u"S

\V4

EviGan |1 ™ Unidy G Fredback
FuscBandwidth [Hz) (100 k
™ Sigrwal Condiioning

[T Lowpats Fltes

Hedp Cancel 1.9

If the Signal Conditioning option is checked then the user can define:
o 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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Isolated Voltage
Sensor Signal

Kys D .

Fys Fsc

KexGan 1 F Sigral Condinng

FerBandwidth Mz) [0k ™ Lowrpass Fiter

Koo Gan (1 ™ Uniy Gan Feadback.

Fu:Bardwackth [Hz] (505

If the Low-Pass Filter option is checked then the user can define:
o Klpf: Gain of the Low-Pass Filter stage
o Flpf: Cutoff frequency of the Low-Pass Filter (Hz)

e DIpf: Damping ratio of the Low-Pass Filter

Conditioning

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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Isolated Voltage

Sensor
R Second Order
Low Pass Filter
V
Kys ™ . —/'\ _OE‘..
F d <
VS
Kiee  Fier Sir
Kot G [T Digk Divrping [F0m
FecBadwighpiz] 100K 1 Sigral Conilionng
ml&ml'l_ ¥ Lowpa Fiber
FCuofheg i) [0k [ UnitpGanFeedback
Help ] |:.m|] o |

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. This number affects the
calculation of the reference.

The user can choose the sampling technique between synchronized and oversampling.
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Output Voltage Sensor - a X
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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: 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:
1
ve = (vlk] +vlk+ 1)+ vk + 2]+ -+ v, —1])
N

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:
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e Synchronized sampling - single update * Ts=Tsw
e Synchronized sampling *  double update * Ts=0.5Tsw

e Oversampling > Ts = Tsw/Ns

Output Voltage Sensor

Isolated Voltage

Sensor -
Digital
ADC Filter
Vm ax
KVS D V K DF Vos
F min " F >
Vs N DF
hits N
5
i .
Kvs:Gain I1 Nbits |12 F;\Tspr;:illie:ghmqus d [ Unity Gain Feedback
Fvs:Bandwidth [Hz) [100k Kdf.Gain |1 ﬁ;gili:r::‘:;er j
Wnin [¥] |D Fdf:Cut-off freq. [Hz] [300k IR Second order [V Digital Filter
FIR Moving average
Vmax [V] |3.3 Mg:No. of samples |4 [~ Low-pass Filker

Help ‘ Cancell 0K I

If the unity gain feedback option is checked then the static gain of the entire sensing chain is

compensated.
Pl Gv O Pl Gv
1 1 1
Kys - = R Kys =
w_c +1 Ky ;C +1
Without unity gain feedback With unity gain feedback
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Isolated Voltage

Sensor

Unity Gai Vos
Kys > nity Gain
Fus | Feedback

Kvs:Gain |1 [ Uity Gain Fesdback

Fvs:Bandwidth (Hz) |100k
[~ Signal Conditioning

™ Lowpass Fiter

Help Cancel 0K

The total value of the inverse gain is shown in the output report E' .

{ Output data

RESULTS

Output Voltage Sensor

Inverse gain = B805.8l u

1.8.10 Modulator

Navigation: SmartCtrl > Three-Phase PFC Converter >

Modulators Previous Top Next
1.8.10.1 Three-Phase Boost Rectifier

Navigation: SmartCtrl > Three-Phase PFC Converter> Modulator >

Three -Phase Boost Rectifier Previous Top Next
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Analog

Navigation: SmartCtrl > Three-Phase PFC Converter > Modulator >

Analog

In the modulator window, the user can define:

Previous Top Next

e Vp: Peak value of the carrier signal

Carrier5ignal
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Help

Cancel k.

Mod, + - 5
S —>0— S,
Mod,, ' + 5
_______ = —| >0— 5,
Mo, , + —5;
A = —{>o— s,
v,
Vp I'IEI
Digital

Navigation: SmartCtrl > Three-Phase PFC Converter > Modulator >

Digital

In the modulator window, the user can define:

e Nr: Number of steps of the carrier signal

Previous Top Next
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Carrier 5ignal

odulato — O p
Mod, -+ 5
= —>o— 8§,
Mod,, ' h E———
A —{>o— 5,
Mod, , F S;
A = ‘| >0—= 5
N,
N [1.024K
Help Cancel QK.

1.8.10.2 Vienna Rectifier

Navigation: SmartCtrl > Three-Phase PFC Converter > Modulator >

Vienna rectifier Previous Top Next
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Analog

Navigation: SmartCtrl > Three-Phase PFC Converter > Modulator >

Analog Previous Top Next
In the modulator window, the user can define:

e Vp: Peak value of the carrier signal

Carrier Signal

Vp
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Madulator = O >

Mod, =
5

.|.+

Mo, ; >_

B E‘.a
Mod, i - .

.................... -+

1 =
—{-1}] ,;}_

o ———— LB

1
-]

X

|I}—é-

Yp |1 n
Help I Cancel 0k

Digital

Navigation: SmartCtrl > Three-Phase PFC Converter > Modulator >

Digital Previous Top Next
In the modulator window, the user can define:

e Nr: Number of steps of the carrier signal
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Carrier Signal

Modulator = O it

Mo,

H
i
i

L)

Mo, 5 \_‘

B IS0 l(

i
4+

(VAVA

.,
H
H
H

)

Mr |1.D24k

Help Cancel QK
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1.8.11 Inductor Current Compensator

Navigation: SmartCtrl > Three-Phase PFC Converter >

Inductor Current Compensator Previous Top Next

1.8.11.1 PI

Navigation: SmartCtrl > Three-Phase PFC Converter > Inductor Current Compensator >

PI 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

Fe: Crossover frequency in Hz

Kp: Proportional constant of the PI

Ti: Time constant of the PI

Inductor Current Compensator = O x
14T,
—» Kl‘ —»
sT,
Phid (% |50
Fc[Hz] |1k

kp [2274
Ti 132130

Edit group
|PhM and Fc |
Implementation
|5tandard form ﬂ
Sweep Help | Cancel | ok ‘

If parallel implementation is selected, then the user can modify:

e PhM: Phase margin in degrees
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e Fc: Crossover frequency in Hz
e Kp: Proportional constant of the PI

e Ki: Integral constant of the PI

Inductor Current Compensator = O pad

KK

=

Phi [£) (50

Fe[Hz] |1k

kp [2274
ki [11.836 K

Edit group
|Phid and Fo

=l
Implementation
=l

|F'ara||e| farm

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

Kp: Proportional constant of the PI (s-domain)

Ti: Time constant of the PI (s-domain)

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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Inductor Current Compensataor — O x

Fhi [ |50 kz |5.711 '
Fe[Hz) [Tk Rz [793.703 m
Edit group
Kp |#553 |Phi and Fo |
Ti [96.134 4 k.p and Ti
K.z and Rz
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 inductor current compensator is equal:
e Single update —* Ts = Tsw
e Double update —*  Ts=0.5Tsw
e Multisampling update ™ Ts =Tsw/Ns
\__sm

The user can also design the current control loop with the solutions map *“—©% option that is
located in the menu bar.

1.8.11.2 P-Resonant

Navigation: SmartCtrl > Three-Phase PFC 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 Fc: 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:

Inductor Current Compensator

E‘J:E'E'Jﬁins

Ko+ =8

PR B0
FeHa) [Th
kp [2275
ki [11804k

Edit group

|Phi and Fe |

Implementation

I Parallel form j
Sweep ‘

Help ‘ Cancel ‘

When the P-Resonant 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

¢ 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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Inductor Current Compensator = O *

by, + b, 7+ by, 7

-1 -9
A+ a7z + a7

Phtd [ IEEI

Fi [Hz] |1k

Kp |2.852
Ki IB.MS k
Edit group

PhM and Fc -]

Sweep | Help | Cancel | k. |

The values of the coefficients are displayed in the output data window  that is in the menu bar.
The transfer function of the compensator has been discretized using Backward Euler method.

Dutput data .

RESULTS

Current Compensator

Ep = 2 _g52
Ei = 5.14% 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:

> Tg=

e Single update Tsw

e 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 Converter >

Output Voltage Compensator Previous Top Next

1.8.12.1 PI

Navigation: SmartCtrl > Three-Phase PFC Converter> Output 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 Fc: Crossover frequency in Hz

Kp: Proportional constant of the PI

Ti: Time constant of the PI
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Output Voltage Compensator = O x

14T,
sT,

-

|

Phibd [2] IED f

Fc [Hz) [100.001

Kp |14n.?93
Ti |1.114m

Edit group
|PHM and Fe |
| rplermentation
I Standard form LI
Sweep Help | Cancel | (] |

If parallel implementation is selected, then the user can modify:

e PhM: Phase margin in degrees

Fe: Crossover frequency in Hz
Kp: Proportional constant of the PI

Ki: Integral constant of the PI
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Output Voltage Compensator —

K,+ K,

E—
=S
Phid (7 |50
Fc [Hz) |100.001
kp 14007593
ki [126.414 k
Edit group
\Phi and Fc -]
Implementation
| Parallel farm ﬂ
Sweep Help | Cancel |

When the PI compensator is discrete, the user can modify:

e PhM: Phase margin in degrees

e Fc: Crossover frequency in Hz

e Rz: Zero of the transfer function of the PI compensator (z-domain)

Ti: Time constant of the PI (s-domain)

Kp: Proportional constant of the PI (s-domain)

Kz: Gain 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,
— Kz »
z-1
Fhhd [2] |50

Fc [Hz) [100.001

kp [172826k

Ti 1.112m
kz [176.712 k
Rz

978.009

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:

> Tg=

e Single update Tsw

e Double update * Ts=0.5Tsw
e Multisampling update » Ts =Tsw/Ns
'\___EH

The user can also design the output voltage control loop with the solutions map “—5* option that
is located in the menu bar.

1.8.13 DC-Link Voltage Balancing Compensator

Navigation: SmartCtrl > Three-Phase PFC Converter>

DC-Link Voltager Balancing
Compensator

Previous Top Next
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1.8.13.1 PI

Navigation: SmartCtrl > Three-Phase PFC Converter >

PI Previous Top Next

In the DC-Link Voltage Balancing compensator window, the user can modify:
e PhM: Phase margin in degrees

e Fc: Crossover frequency in Hz
e Kp: Proportional constant of the PI

e Ti: Time constant of the PI

C-Link Voltage B i = O
o 14T,
— hp »
sT,
Phi 7] |50
Fc [Hz] (105
Kp 20,053 m
Tils] |1.754 m
Edit group
PhM and Fc |
Simeep Help | Cancel | Q.

When the Pl 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 Pl (s-domain)
e Ti: Integral constant of the Pl (s-domain)
e Kz: Gain of the transfer function of the Pl compensator (z-domain)
e Rz: Zero of the transfer function of the Pl compensator (z-domain)

To consider a discrete compensator, the digital checkbox in the Single-Line Diagram window
must be checked.
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Phid (7 |50
Fc [Hz] |105
Kp W
Tifs] |1.742m
kz W
Rz W
Edit group

Phi and Fc =]

Sweep | Help ‘ Cancel ‘ ] 4

The sampling frequency of the compensator is related to the update of the modulating signal
thatis defined in the current sensor window.

The sampling period (Ts) of the DC-Link Voltage Balancing compensator is equal:

e Single update Ts =Tsw
e Double update Ts =0.5-Tsw
e Multisampling update Ts =Tsw/Ns

The user can also design the DC-Link Voltage Balancing control loop with the solutions map

N 5M
v option that is located in the menu bar.

1.8.14 Export

Navigation: SmartCtrl > Three-Phase PFC Converter>

Export Previous Top Next
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1.8.14.1 PSIM

Navigation: SmartCtrl >Three-Phase PFC Converter > Export >

PSIM

Previous Top Next

SmartCtrl provides a link with PSIM software. Once the regulator has been designed, the power
stage and 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.

m SmartCtrl - Controll
File Design View Tools Options Warehouse Window Help
MNew Ctrl+N
Initial dialog Ci G o

o

om (2 JEE

[ wm[_sm [ sCH

PLL -"PLL || e |

T
Open... Ctrl+0

Open sample designs...

Open default

Close

Save Ctrl+5

Save As... JE;ES
Open txt files...

nductor Current Compensator So
I
Phase mar

I

Export > To PSIM

Generate report > To SIMBA

Print preview >

Print > Transfer functions...

Printer Setup... Digital transfer functions

Transient
1 ChUsers\..\Control1.tro ransIent responses

2 current_mode_test_loop_design.tro

3 Chlsersh..\Controll.tro

Waveforms...

4 Contrel_leop_design.tro

Exit

200’—'—’7

> Schematic Ctrl + Shift + 5

‘5 N

£ 100 AN
> u ee—
> &

N
b

Help \

1 10 1a0

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.
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Selecting schematic file...

« > v A _ » Esteequipo » Documentos » Example_1 w &) 2 Buscar en Example_1
Organizar Mueva carpeta =~ [ o
-
MNombre Fecha de modificacion Tipo
A4 Acceso rapido
L Mingun elemento coincide con el criterio de bisqueda.

& Escritorio »

i Descargas »

— Documentos »

P Imiagenes »

_ Capturas de pantalla
~ Documentacion
~ Ejemplo

~ Script_PSIM_gjemplos

5 # Onellrive

Mombre: |Examp|e ~ | Schematic files (*.psimsch, *.sc ~

Abrir Cancelar

In the next step, the user will be asked to choose between different options:
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Exporting options X

— Reqgulatar exparting way |

£ Components [B1, C1.... are given)

f* 2 domain coefficients
£ z domain coefficients

" Ccode

¥ Power stage and sensors
W Initial conditions

[ Show files to be exported

Help Cancel aF.

r

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.

T Eamplepamsch x|

4 s

LE A RIGEE W oo @ @6 COOVDO e WEBDREMAFHE CC

© 2024 Power Smart Control S.L.



SmartCtrl 257

e “Ccode”: 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.

" Example.psimsch® X -
=
Vo_ref lg_ref Veari
Vos_Ref lgs_ref
fsw
(=)
&)
Cesa M &)
vos (—_H 1T ap
Gain_e Vo_ret(:l_' =11 an
[P tasl——| . i
IbsC__1— =T on
[__g;J—:DD_|1J tesl__H 1" ep
Iq_retg_' cn
. kpv[__H
] :D o) Tiv_ M &)
Cv_limit [ | 9
(- Kp_il__ I &)
Tl >
Ci_limit [
l_stepg—'
L _—I
wl  H
vp |
Kp_pii_I—
Ti_pnl
(vcad—
Gam_e:l—'

4 o

|
T B EE @ LN QoW OOV D e BERiRE

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.

i o i¢

File Edit Help
< ~ > Estecquipo » Documentos » Example_i v C O Buscar en Example_1
CBlock Help b e P - e
Block Number of InputyOutput Ports Organizar v Nueva carpeta =- m @
Name: [ScL | e | = ouput: | 1 Nombre Fecha de modificacién  Tipo
v Acceso rapido
I | sdtimage [ Example_control.c 19/01/2024 10:15 € Source
@ Escritorio
¥ use extemal fie T .
Insert Getpsimvalue | Insert SetmunTimevalue Check Coce | oL Descargas
il = Documentos
= B imigenes
B Copturas de pantalla
Documentacion
Example_1
Script_PSIM_gjemplos
> d OneDrive
Nombre: |Example_control.c | tcepine v
Abrir Cancelar
= T \u

The user can check that the code has been loaded correctly. Finally, the user can
proceed to run the simulation.
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-~ -
File Edit Help
C Block Help
Block Mumber of Input/Output Ports
Mame: |SCE1 I Input: 23 Output: 14
I . Edit Image
v Use external file |C:‘n,Users‘n,Diego‘n,Documents‘n,Example_:l‘n,ExampIe_control.c
Insert GetPsimValue | Insert SetRunTimeValue Check Code |
1: #include «<Stdlib.h=
2; #include <String.h=
3 #include <math h= PsIM22.3
4 #include =Psim.h=
5
E PLL Varibles declaration /i l . Compilation Successful.
8/ Look up table of sine vector

974 const float full_sine[1000] =

1010; # Look up table of cosine vector
10115 const float full_cosine[1000]=

2012; fNiConstants for Park's transformation

2013; const float dos_pi = 2°3.141592653589793238462643383279;

2014: const float dos_pi_tercios = 2.094395102393;

2016; //Depend on transformation
2017: const float Kem = 0.66667; /fexample 2/3 or sqrt(2/3)

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;

2024: float Ea, Eb, Ec, Gain_e;
2025 float ed, eq;
2026: float ed_prev, eq_prev;

2028 float Kp_pll, Ti_pll;

2029 float e_pll_k;

2030: float Epk;

2031 float A1_pll, AD_pll, integral_pll_k, y_pll_k;
2032; static float integral_pll_k_1=0;

2033; float omega;

Export to PSIM via Pyhton

The new way to export control loops from SmartCtrl to PSIM is by using the Python library
called psimpyapi.

The requirements to use this function are:

Python 3.11 or later.

Aceptar
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e Altair PSIM 2024 or higher.
To install the Python API in Altair PSIM, go to menu/options/set path.

©PSIM

Settings...
Languages

Auto-run SIMVIEW

Set Path...

Enter Password

Disable Password

Customize Keyboard/Toolbar

Save Custom Settings...

Load Custom Settings...

License Setup

Next, the user must define the path where Python is installed. To do this, the user must click on
the browse button located at the bottom of the window. Once the path has been defined, click
on the install psimpyapi option.

Set Path X
Search Path:
Add Folder...
Remove Folder 7 location of python.exe file
Move to Top
Move Up & 5 v A T0« AppData > Local > Programs > Python > Python312 v G | | BuscarenPython312 »
‘Move Down
Move to Bottom Organizar v Nueva carpeta =- 0O 0
Device File Path: ~
B cwarw = Aol [:‘ Nombre Fecha de modificacién  Tipo Temafio
AddFie... ) IoLLs 06/03/2024 11:02 Carpeta de archivos
Remove g
73 Doc 06/03/2024 11:02 Carpeta de archivos
—_— > €
T2 include 30/07/2024 16:33 Carpeta de archivos.
T
Add Folder... T3 Lib 06/03/2024 11:02 Carpeta de archivos
Remove & = libs 06/03/2024 11:02 Carpeta de archivos
i 2 Scripts 13/05/2025 16:43 Carpeta de archivos
. 3 share 19/06/2024 14:17 Carpeta de archivos
SEICE Mo Pt & i S8t 06/03/2024 11:02 Carpeta de archivos
() \Altair \Altair_PSIM_2024.0\SPICE#D A ery! S
Remove ' [ python.exe 02/10/2023 1427 Aplicacién 101K8)
__ReloadModels | ( [ pythonw.exe 02/10/2023 1427 Aplicacién 100KB
.
Nombre: Y | Executable Files (*.exe) v
UTspice Executable Fle Path: [pythonce
I = Abric | Cancelar
Python folder: (Location of python.exe)
C:\Users\Diego\AppData \.ocal Programs Python Python312\pythor

Once this library is installed, you should be able to export the control loops to PSIM.
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1.8.14.2 SIMBA

Navigation: SmartCtrl > Three-Phase PFC Converter > Export >

SIMBA Previous Top Next

The requirements to use this function are:
e Python 3.10 or later.

e The SIMBA Python APl must be installed. The easiest way to install the Python API is
using pip install aesim.simba in command windows.

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.
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[}
Variables de usuario para Diego C:\Users\Diego\AppData\Local\Programs\Python\Python311 Nuevo
%USERPROFILE%\AppData\Local\Microsoft\WindowsApps
Variable Valor %PyCharm Community Edition% Modificar
ALTAIR_LICENSE_PATH G C:\Users\Diego\AppData\Local\mingw64\bin
OneDrive Ci\Users\Diego\OneDrive C:\Users\Diego\PycharmProjects\AplicacionOlayo Examinar...
Path Ci\Users\Diego\AppData\Local\Programs\Python\Python311;C:\Us... C:\Users\Diego\AppData\Local\Programs\Python\Python311\Scripts
PTC_D_LICENSE_FILE C:\Program Files\PTC\PTC_D_SSQ.dat Eliminar
PyCharm Community Edition C:\Program Files\JetBrains\PyCharm Community Edition 2022.3.3\b...
SIMBA_DEPLOYMENT_KEY 36a9fd25-386d-43e6-a2316-9bd24580c756
SIMBA LICENSE Subir
Nueva... Editar... Eliminar Bajar
Variables del sistema \
Editar texto...
Variable Valor
ANSYSEM_ROOT221 C:\Program Files\AnsysEM\v221\Win64
ComSpec C:\windows\system32\cmd.exe
DriverData C:\Windows\System32\Drivers\DriverData
NUMBER_OF_PROCESSORS 8
OnlineServices Online Services
0s Windows_NT
Path (e 32:C: 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.

2] SmartCirl - Contrall
File Design View Tools Options Warehouse Window Help

New N @ BERBE|TITIERSEODEDB &

. - ATT Ty __5M LI 5M SM| —h i
Initial dialog Ci Cv | "/\::ﬁ S pLL ::%LL PLL <"~"RLL tc; tc\- ?| :[
Open... Ctrl+0
Open sample designs...
Open default — O b4
Close
Save Ctrl+5
Save As...
g% # c

Open txt files...
Export > To PSIM >
Generate report > To SIMBA
Print preview > e S
Print > Transfer functiens...
Printer Setup... Digital transfer functions >

Transient >
1 ChAUsers\..\Centrol1.tro s

. Waveforms...

2 current_mode_test_leop_design.tro
3 ChlUsers\..\Control1.tro Globa Ctrl+G

4 Control_locp_design.tro

Exit nternal ¢

Help |
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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.

B8] Selecting Simba file.. *
< J v » Escritorio » SIMBA_examples o &} Buscar en S5IMBA_examples 0
Organizar = Mueva carpeta =~ [ o

2 Inicio Mombre a Fecha de medificacion Tipo Tam
El Galeria Mingln elemento coincide con el criterio de bisqueda.
> @ OneDrive

& Escritorio »
i Descargas &
= Documentos #

Imdgenes &

o Musica »

Mornbre: |Examp|e w | Simba files (*.jsimba) w

Abrir Cancelar

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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. Calart €
« b v @l > Esteequipo » Escritorio w C Buscar en Escritorio
Organizar = Mueva carpeta Q- e
» v Acceso rapido B N . B
il Escritorio *
L Descargas »
B Documentos 2 BTESA Compartiva_TF_L Diseno_L_Sept_23 Diseno_LCL_Sept
CL 23
PN Imagenes » [ _ 2 _ - _ a
T Capturas de pantalla
= Documentacion
= Example_1 Ejemple Ejemple_SIMBA EMI SMC init
= Script_PSIM_ejemplos - - h h.
> o OneDrive
> b OneDrive L_a_fabricar Medulation_com PCIM_Indra_23 Plantilla_backup
parsion
v [l Este equipo \ . . .
Carpeta: Escritorio
Seleccionar carpeta Cancelar

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.

CITeT=)
SmartCtrl Design
i &

{/ . f
g i
e
TS

i

}
4= T}
=
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1.8.15 Graphics

Navigation: SmartCtrl > Three-Phase PFC Converter >

Graphics PreviousTop Next

1.8.15.1 Bode diagrams

Navigation: SmartCtrl > Three-Phase PFC 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 crossover frequency of the open loop is shown by means of a pair of dashed lines on the
open loop transfer function of the system.

Transfer functions graphics = [m} X
Gro Tew GRY Guw GiMy Tww G Gi Hi He Hy GHi Ci | Ti G Gv GHe Cv| Tv G Guo Gug 2o

tagnitude [dB] vs frequenc
. g [3B] s frequency

| 50\\
0d& \

Ti. Tw

50 —_—

i DG_I

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

Phase [?] vs frequency

-5,

—_—
-100]

150 \
1 \
200

250 \—/—‘_—\\N—

-300

Ti. Tw

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

In SmartCtrl there are twenty-two different transfer functions that can be plotted in the Bode
plot window.
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Gprr, Phase-Locked-Loop Plant
Tpyr. Phase-Locked-Loop Open Loop

CL
GpLr: Phase-Locked-Loop Closed Loop

Gup DC-Link Voltage Balancing Plant
GbHU: DC-Link Voltage Balancing Open Loop without Compensator
TUb: DC-Link Voltage Balancing Open Loop
GCL . .
vbh . DC-Link Voltage Balancing Closed Loop
Gi, Current Plant
H;. Current Sensor

Hg. Grid Voltage Sensor

Hy. Output Voltage Sensor

GHE: Current Open Loop without Compensator
CE: Current Compensator

Ti: Current Open Loop

GEL Current Closed Loop

Gy, Voltage Plant

Voltage Open Loop without Compensator
Voltage Compensator

Ty, Voltage Open Loop

Gyt Voltage Closed Loop

Gyva:  Closed Loop d-axis Audiosusceptibility
GWG‘: Closed Loop g-axis Audiosusceptibility
Zo: Closed Loop Output Impedance

Zidaa:  Closed Loop d-axis Input Impedance
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quq: Closed Loop g-axis Input Impedance

ZEMI )
0 Output Impedance of EMI Filter

By right clicking on the bode diagram to export or import transfer functions.

Transfer functions graphics - o %
Gru Tru GRt Gws Gy Tew G Gi Hi He He GHi Ci | Ti Gf* Gv GHv Cvr T Gf* Guo Guwo Zo

Magnitude (dB) vs frequency

100f—

= Export..
Import...

Manage imperts..
Quick help...

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

Phase (2 vs frequency

1 i} 100 Tk 0K 70k 1
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 |

Function (1/1) Color Thickness Style
[zi1 = M- ~| |soup ~] Delete
oK

Quick help: Shows the keyboard shortcuts to measure directly on the plot.
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LIUICK nelp 1o ansier runclions

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

Exit |

1.8.15.2 Waveforms of PLL
Navigation: SmartCtrl > Three-Phase PFC 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 = a *

| Select graphics to show

Select All
Unzelect All

Reference Theta
Estimated Theta
Step Response

Reference Theta: represents the phase of the grid in radians.
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.
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Waveforms graphics = O *

Select graphics to show

7 Reference Theta
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1.8.15.3 Schematic
Navigation: SmartCtrl > Three-Phase PFC 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
Ker [}
For -
Vottsat
Isolated Voltage
Sensor
E &
K}
rm - {— Mod, Isolated Voltage
Sensor

f— Mod,
K Vos
Fis v

|- mod,

1.8.15.4 EMI Filter Attenuation
Navigation: SmartCtrl > Three-Phase PFC 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.

AT T represents the attenuation of the differential mode filter.

ATTcn represents the attenuation of the common mode filter.
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1.9

1.9.1

EMI Filter Attenuation graphics

ATT ATT
DM CM

tagnitude [dE] vs frequency

50

Att_dm, Att_cm

-50

-‘IDD_I 10 100 1k 10k 100k M

Frequency [Hz)

Sensors

Navigation: SmartCtrl >

Previous Top Next

Sensors

Voltage divider

Navigation: SmartCtrl > Sensors >

Previous Top Next

Voltage divider

© 2024 Power Smart Control S.L.



SmartCtrl 271

KL

Ra
Wref

The Voltage Divider measures and adapts
the output voltage level to the regulator
voltage reference level.

Its transfer function corresponds to the
following equation:

Where:

1.9.2 Embedded voltage divider

Navigation: SmartCtrl > Sensors >

Embedded voltage divider

Vv

ref

voltage

I
K(s)=—Z

Vo

is the compensator reference

V, is the DC-DC converter output

voltage

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

Plant |Buck [vohags mode contioled)

'H'II'lJ-—
1

Coenpersshor [Type 3_unat

7| Ganser |Embedded V.

;| Frequency tange{Hz)
| i | 33000
Selution map
= Embebed V.
div
Cross freg. Phase marg.
I o | o

‘u"c:lg;%e Divider

s |

_tieb |
| _Coed |[ 0K ]
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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 O0Hz is the
following;

Vo  Rg
V?'s_r' RE?'-I_R:L:L

1.9.3 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.

%

Gain
K(s) = =
1+2-Tr-fpfa’ | 20-og(K) |
Where: = | i 120 dB/de
[ 1 1 1
[} 1 i 1 i 1
Gain is the sensor gain at 0dB, its S T T R
i ] i ] i
i 1 i 1 i
given by the output and the Freq [Hz]

reference voltage.

Gain= Vo/Vref

phase [?]
P A
o
e
LY==}
I A

fpK is the pole frequency in Hertz Freq [Hz]
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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

Kﬁsj = Rs

This resistor is represented in the picture of the power plant, Rs:

Vin

UC3854A multiplier + Boost PFC (Resistive load)

Vin

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) ——

© 2024 Power Smart Control S.L.



SmartCtrl 275

Gain
5
Y a oK

K(s) =
1
Where:

Gain is the sensor gain at 0dB.

fpK is the pole frequency in Hertz

gain [dB]

phase [?]

20-oglK) . |
L1 1320 dp/de
oS
1 ] I i
Voo
R R
Freq [Hz]
TR i Vo
1 i
LN e |
LN a0
1 ] I 1
Freg [Hz]

1.9.7 Current sensor
Navigation: SmartCtrl > Sensors >
Current sensor Previous Top Next
The current sensor is represented by a
generic transfer function box. Internally, the
H transfer function corresponds to a constant
(s) gain in V/A.
K(5) = 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 User defined 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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1.10 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 - s 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

/Jwemp |

R + P¥sensed

5 Clk

Set defauks

Peak current modulator
Sel/z) 1k
Snfvis) 58k

Sifv/s) 2k

Alt 1

Towz) du

FswiHz) 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

Yy |
el

Set defaults

R11{ohms] 10K

Wplv] 10

lf[S] 495y

FawlHz) Lk

Tawls] 100w

Help LCancel ‘ 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 ot

Vy Ra
Vip mp Yp[v] E

A=

| e gu

— tr—, t
Faw [Hz] 100k

+—Tsw
Taw [z 10u

Yo

L3

Help | [n] 4 | LCancel |

The values are:
* Vp, Peak voltage
* Vv, Valley voltage
* tr, Rising time
* Fsw, Switching frequency
* Tsw, Switching period

1.10.3 User modulator

Navigation: SmartCtrl > Modulator >

User modulator 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 ot

Regulator Control

output G mod magnitude Gmod

Modulator Gain

Help | [n];8 | LCancel |

The user should define the modulator desired gain.

1.11 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.

© 2024 Power Smart Control S.L.



SmartCtrl 281

Input Data

R11(chms) Its default value is 104€2

VpV) 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 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.

Type 3_unatt E

FilTjohms] I—'ll:K
wevy [ 50
vag [ 30
WlV] |—1u

N EEL

FawiHz] 250k

Tawds] A
Sel getous | Hep | Caneel |[ ¢
Input Data
Ri1(ohms) Tts 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
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Output Data

The compensator components values (C1, €2, €3, R1, R2) and the resistor R__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 “

R1fohms) 10K,

W] 1o
Vi) 10
Ve ) wy [ 32

FowiHz) | S0k

Tawdz) iy

St dedsults Heo | Concel || ok |

Input Data
R11(chms) Its default value is 10%€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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Input Data

R11(ohms) Its default value is 104€2

Vref(V) Reference voltage

VpV) 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, €3, R1, R2) and the resistor R o AI€ 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.

R [chen) 10
{
E i Wred
Cak 3 Ramp o) 30

1.0
; Vi)
Vi l—
ulz) 32u
Ve
i 1
Tsw
FaviHai S0k
Tewfz) Au

Sel getauks Hep goncel || ok |

Input Data

Rill(ohms) Its default value is 10%€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] @
o R
Clk [ " Ramp Vref
L Ramp
Yp
Ve |
':jtr—ht.l t
Tswis2

Set defaultz

VelV]
Wl 0.0

tl’[S] 435y

FamlHz) 1l
Tawls) 100y

Help

Cancel | ] |

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

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 10/%€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 (C2, R2) and the resistor R_ are calculated by the program

and displayed in the corresponding text panel.

© 2024 Power Smart Control S.L.



290 SmartCtrl User's Guide

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

Single pole | = |
L= ]
—
= R Tlshea] L
2k
e
Vaalfv]
Sot delmts Heo | Coes |[ o

Input Data
R11 Its default value is 10 %<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
—
o R11[gkms) 10
.-"'{]; R WrefiV] |
PR L
VeaitV] | :
Set debmits Heb | Cancel || ok |
Input Data
Its d is 10A€2
Rl s default value is 10
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 (€3 and 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

Input Data

R11(ohms)

Its default value is 10f€ﬂ

Output Data

The compensator components values (C1, C2, €3, R1, R2) are calculated by the program and
displayed in the corresponding text panel

© 2024 Power Smart Control S.L.



SmartCtrl 293

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 “
A1 fokms) b
Viref(V) 30
Set gofouits | Help Corcel | [ 0K
Input Data
R11(ohms) Its default value is 104€2
Vref(V) Reference voltage
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 2 compensator

Navigation: SmartCtrl > Compensators > Analog compensators > Outer Loop and Peak Current
Mode Control >

Type 2 compensator Previous Top Next

Type 2 EX

C3
< R 11{chms) b
2 b R11
Wred

Set getauts | Hep | Cancel |[ oK

Input Data

R11(ohms) Its default value is 1052

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 > 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 Wee
< Rar A1 [chims) L
=
Toreg ™ Viei(V) 2}

Set gefauks | Hep | Cancel |[ oK

Input Data

R11(ohms) Its default value is 104€2
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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Input Data

R11(ohms)

Its default value 1s 10 kQ

Output Data

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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(1+sTi)
sTi

Pl X

m + Vref

Set defaultz Help Cancel

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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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

¥ee

r2 €2 [[Rer A11{ohms) 108
G Vral(V) S

wraf

Sel getaus_| Hep | Cancel |[ ok |

Input Data

R11(ohms) Its default value is 10/%€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.

1.11.2 Digital compensators

Navigation: SmartCtrl > Compensators >

Digital compensators Previous Top Next
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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

Plant |Buu:k [woltage mode contralled)

RL

r}z L 1+ Vo

=l

[v Drigital
'u'in[
Compensator | ﬂ
FID digital
CompEduation digital
loaded as yet.
oelect one from the combo

above

Sensar |"“'IU“‘3£IE divider

Wi

=l

More information about Digital Control: Digital Control.

1.11.2.1 PI Digital

Navigation: SmartCtrl > Compensators > Digital compensators >

PI Digital

Frequency range(Hz]

min max
| 1 599000
Solution map
Crozs freq. Phase marg.
| o 0

N

Help
ﬂ LCancel ‘ oK |

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 X

ADC Digital compensator coeffidents format

Pl

Digital Vmin(V) {* Floating point

[0
Compensator O m Vmax(V) If ook
T

Mbits 12

Fsamp{Hz) 250k
tsync(s) 4u
Vref_Digital 2048k Vref(v) 2.5

Vref_Digital

DPWM
Tiring diagrarm

Type - z 5000 Tsampling d update
&m0 :
Ul | cading edge = E \
Triangular =1 .
Ad-hoc I 3000 :
S o o ¢
a
% 1000
= 1]
0 Bl 10u 15u
Time(z]

Update Set defaults | Help | 0K | 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 frequency must be a multiple or

submultiple of the switching frequency.
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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:

z.ﬁibl'rsﬂﬂl.’.'

Ve FDigital = (ValueToBeSensed - SensorGain — Viprmin) . 7. _
ADCmax — YADCmin

*tsync(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 §een’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 Digital

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
(=
+
Vref_Digital

DPWM

Type

-

Trailing edge
Nsteps || eading edge

Triangular
Ad-hoc

Update

Set defaults |

ADC

Vmir (V)
Vmax(v)

Mbits

Fsamp(Hz)

tsync(s)

Vref_Digital

DPwW counter, Duty cycle

Digital compensator coeffidents format

{* Floating point

Q.Y

250k

4

2.048 k vref(v) 2.5

CREERR

Timing diagram

5000

Esampling d update

4000

3000

2000

/ RN

1000

7 7 - X

Bu 10u 15u

Time(z]

Help | oK | 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.
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*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 frequency must be a multiple or
submultiple of the switching frequency.

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:

z.ﬁibl'rsﬂﬂl.’.'

Ve FDigital = (ValueToBeSensed - SensorGain — Viprmin) . 7. _
ADCmax — YADCmin

*tsync(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 §een’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).
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DPWM

For the modulator there are different options according to the waveform:
*Trailing Edge
*Leading 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 (°)
Nyquist diagram
Transient response plot

Steady State waveforms (temporal domain)
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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 >

Bode plots 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.

Magnitude plot (dB) 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.

Phase plot (°) Plots the phase of a given transfer function in degrees
versus frequency. It is represented in the bottom left
panel of the SmartCtrl window.
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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 fz

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
Export...

Help
Quick help. ..

Measurement tools

Copy

Export

Help

Quick Help

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+ moause move

Shift + mouse move

Maasure on any poink

Measure particular function,
Click. 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 point (-1, jO).

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.

(L
IThdE] =258

M 1|'ri-um||

.:—'—'_'_'__ "‘—~—\_,__

Tlphase] = 218"

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

Help
Quick help...

Measurement tools

Copy

Help

Quick Help

Copy the Bode Plot to
clipboard

Link to the on-line SmartCtrl
help

Shows a short explanations

about how to measure directly
on the plot
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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.

M -1.4 :
||r||ﬂ| ~ap == Gain

171w Tiphass]

Tichaze) = 214 s Phase

T Bz

. \\"I
R
)
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e
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Cirl + mouse move

Ehaft + mouse move (Cn Bode(Mod) panel)

Measure on any point
Measure on the Funckion.
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1.12.3 Transient response plot

Navigation: SmartCtrl > 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 Ogtioes View Tech Wirthoute Window Help

e FE BB EcaanENad I Bl RBABR2 00T P >

¥ i ¥ [ ] = om sl

[ Jransient Response Selection Contralt
G, 1 ] e bspusriy Ilkl-_ﬂdeql
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3 i i — ] (e
L] 0 m Th ok ok ™ T
FraquarcyiHs)
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W o sebemensce ke [ vigna 1)
15, HEC gl
134
1)
Transient Response Plot
3300
1
e 10 ] Tk TR ™ T o Bu 0= =T o
Frspasropr) L[] oy

By right clicking on the transient response plot, the following options are displayed.

Export
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This option allows the user to export the current transient responses to a file which could be either

Axt 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 EX)
Fitlnieren sep
3305
3.3M
ek i)
3
33m
a —
a Sy 100w 150w
]
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Copy

This allows the user to copy the current graphs in the clipboard

Modify transient parameters
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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 ﬂ
T T Ltz
Shereers vt (1) | 141840 ]
— EEEL J
Bandwidth (Hz) L
Frequency step (Hi) g
Frequency resolsbion | e J’
¥ Shew paraemetens on gragie: sogly | Help carcel | [ om [

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 hown 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.
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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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e Peak current mode control waveforms

The available wave forms are:

* Inductor voltage
¢ Inductor and diode current
* Output voltage

The available wave forms are:

* Carr[V] - Carrier signal
* Mod[V] - Modulating signal
* PWM [V] - Mosfet gate voltage.
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* Vc(t) - Modulating signal

* Ven(t) - Compensating ramp

*  Vsensed(t) - Sensed MOSFET current or
inductor current
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In the case of the forward converter Vsil(t) is

also plotted to show the output filter inductor
current.

* PWM [V] - MOSFET gate voltage.
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The available signals are:

* Vpri(V) - Primary voltage

* Vsec(V) - Secondary voltage
*ID5(A), ID(6) - Diode current
*[LIk(A) - Leakage inductor current

Time[sec)

Phase Shifted Full Bridge Dual Active Bridge (DAB) additional waveforms

For the Dual Active Bridge please select the appropriate link (NEW in version 5.0):

Phase Shifted Dual Active Bridge (VMC RL - V1 to V2)
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Phase Shifted Dual Active Bridge (VMC 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 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.

Shift+mouse 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.

Exporting tools

Right click 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.

Use the export option in the main menu:
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1.12.4 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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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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Foaquancy zangs (Rzh : i1, 359 kj
Crosr frsquancy [(Hz} = 303.764
Fhase margin 1%} = 103.135

Plase

Buck {voltags mods controlled)

K (Ohmap = §.356
L {H}y = 30 ua
RL{Oh=s) = 1n
c iFy = 160 uw
RCIChmaly = BO m
Vim {WF = 13
Ve vy = 5.3

TE0 k

Sceady-state do CPMIATing POLnT

Mada = Cannimussas
Brity cycles 0,378
Voomp (Ve = 1.887h
IL {Ay = TET.ETE m
Iimaw{Ak} = S17.076 =
IlsinfAl = E30.07€ =
| Ie (AN = T87.87 m
Vo Vi = 3.3

Volcage divider
Veaf/Fas = 0.TETETE

Ccspenmatos
Typs 2
P = 0.4
Rl11{Ob=a) = 10000
Vel =3

Input data panel.

Solutions map

Navigation: SmartCtrl >

Solutions map

Input data T Output data
INFUT DATA - RESULTE
Single loop

Compansatsr (keslog):

B [(Osms) = T.1514 k

& [ F ) = 139.669 n
3 [ F)=226.217T

f= [ Hax } = 1535_456
fp [ Hz ) = 38T.038
1 [ Hz } = 43.E104

B2 [ »=2} = &
BL (0w ) = 2,0000%0114
B3 = 1
sl (2 =0
az [ »=3) = 3.36784=006
al (m } = 5.003858768
al =0
SANIOL:

2a  (Ohma) = 160
By [(Chma) = 500

Fa (Wavum) = d m
e Marzs) = 3.0 B

Lasp performance parameters:

PaF [ He ) = 2.33038 k
o [ 4B} = & 10802
Aveal @B § = =73.4344

Output data panel.

Previous Top Next

) -l

The appropriate selection of f

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

Cross

and Phase Margin is one of the key issues for loop
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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 (f c and PM) that lead to an stable

ross
solution is selected.

. The input 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 E

Fhase magn va Cross resquency

=0 It's highy iecomenended 1o cick on the
urishadiwed [whibe] region for sslecting
an appiopniaste [Cioss heguency Phaoe
maign] couple of values
e Taka caie albo of atbermshon IRzl
&k Faw)] and Phade mangen edit bowss,
wahans s backgrounds soe ied pamtad
150
g Cross hequency Phase mangn
& [T [150
:E 100
ELsR[s) & Faw
1 531158 Lpdate
|
0 |
- |
P
E.—-"!:r.- {1 [ | Fawi= 2950 k Help

1 10 100 'IIF. 10k 100k TH L
Coogs leguency{Hz] Carcsl [1] 4 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 frequency, f .

Double 180° crossing

Even while being a stable system, a double crossing by 180° can occur, which could lead to
instabilities if, for any change in the operation point, the gain drops. Since those are still stable

points, they are inside the white area, but an orange dotted line marks the frontier between the
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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
30
80

70 - ! ]
&0 N\ /’H\

20

40 ' \
30 ' W Double \

Phase margin

20 - - crossing |
0 | | zone |
0 Phbd rin=0 - - ki 114

1 10 100 Tk 10k 100k

Cross frequency(Hz)
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 >

Equation editor Previous Top Next
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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, Pesign 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

&

EN=

H
{R'.

DC-DC power stage and

control circuit design

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

DC-DC converter
Peak current mode control

DC-DC converter
Average Current Mode Control

PFC Boost converter

Desian a generic topology

& |

s-domain model editor

Import frequency response data
from txt file

Opena...

ﬁ*—- default file

B"D recently saved file...
; previously saved file...
?IED sample design...

&3

Design a generic control system

E quation editor

Help

*Using the initial dialog, $~domain model editor”’ The plant is set by its s-domain transfer

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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Desian a predefined topology

DC-DC power stage and
control circuit design

DC-DC converter - Single loop

Opena...

default file

v

s-domain maodel editor

|

Import frequency response data
from txt file

—

Ml

D D"D recently saved file...
Yoltage Mode Control or ACMC

ﬂ DC-DC converter é O] previously saved file...
Peak current mode contiol

Iﬁ DC-DC converter ¢ sample desian...
Average Current Mode Control [~

o1 | PFC Boost t
t C Boost converter
Design a generic topology — Design a generic control system

E quation editor

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 ‘u"iewITcrcrls Warehouse Window Help

[ [

RN

B Al

Equation 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 *
s-domain model I Open... I Save | Save as...
File | Import an existing design

/{ Buck (Power stage) Parametric sweep

R 4.35¢
L 30 u

c 1e0 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 -
dan 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 ‘ OK.

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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Equation editor *
-domain model Gd. Gd2
s-domain model Open Save 100
File - A
// Buck (Power stage)  Parametric sweep
ol Mo,
Parameter Value = 0
R = 4.356 = 3 N
Jr ] [4358 =
L=30u = £ NN
C =160 u - \
Vin = 12.0 c | N
o -100 ~
n |30u \
// Plant transfer function il
Gd = Vin / (L*C*s*s + (L/R)*s + 1) —l— S0 10 1k 10k 100k 1M 10MIOOM
Gd2 = 10*Vin /(2*L*C*s*s + (L/R)*s - e Frequency(Hz)
-
return Gd2
—t— o Gd. Gd2
=2l 3
[vin ==
-50
—J—
g -100
o
<
-150
Set defaults Editor... |I Compile |I Select parameters
_
-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) |

Edit external functions | Add external function... |

Cancel | Ok I

Help |

The Equation editor can display several transfer functions by adding teturn’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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. "
Equation editor X
s-domain mode! Open... Save Save as... 0 Gd, Gd2
Fil
ile o =
// Buck (Power stage) - Parametric sweep \
_ Parameter Value ==l =y 0 Ay
R = 4.356 [ ~][435 = \
L=30mu = 50 -
C = 817.504 u e e ————— \
Vin = 12 <3 100 P,
L HIET NN
// Plant transfer function .
Gd = Vin / (L*C*s*s + (L/R)*=s + 1) =1 0 100 1k 10k 100k 1M 10MIODM
Gd2 = 10% Vin / (2*L#C*s*s + (L/R)*: =z Frequency(Hz)
zeturn Gd Edit compiled functions *
return Gd2
Function {1/2) Color Thickness Style
[& Ul EANE x| |soup ~| !
Apply | Cancel | OK I
3 |
j: |
[
< >
-150
Set defaults Editor... | Compile | Select parameters |

-200
0 100 1k 10k 100k 1M 10MODM

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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Initial frequency (Hz)

Export transfer function(s)... |

End frequency {(Hz)

| 10

| 10M

Frequency(Hz)

Edit compiled functions | Set defaults (all) |

Edit external functions | Add external function... |

Help | Cancel | oK
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Equation editor *
s-domain model Open... SaVE 85... Gd
50
File
// Buck (Power stage) - Parametric sweep a
Parameter Value | = \
R = 4.35¢ =2 h,
-50
A R x| |43 3 \
C = 160 u e
N : ™.
Vin = 12.0 <= 100 \
L BIET
// Plant transfer function =
Gd = Vin / (L*C*s*s + (L/R)*s + 1) ol o 100 1k 10k 100k 1M 10MIODM
return Gd | Frequency(Hz)
|c || 60u
—_t - Gd
= N
I\ﬁn LI I 12
-50
.—J—
3 o
i
< >
-150
Set defaults Editor... | Compile |
200
10 100 1k 10k 100k 1M 10 MIODM

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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ation editol X
s-domain model Open... Save Save as... 50 Gd
File
// Buck (Power stage) — Parametric sweep 0
Parameter Value 1 = \
R = 4.35¢ h,
r | New range ><
L=130u R ? \
C =160 u =
Vin = 12.0 ™,
IL_ Minimum value Maximum value \
// Plant transfer function Il.Z IIZD
Gd = Vin / (L*C*s*s + (L/R)*s + 1) b | 0 100 1k 10k 100k 1M 10MIDOM
return Gd F H
c cancel_| e
m Gd
=2 \
Jvin ~l[=
-50)
e e ————
| T \
=
[
< >
-150|
Set defaults Editar. .. | Compile | Select parameters |
-200!

10 100 1k 10k 100k 1M 10MO0M

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 |

- -

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-tomain mode! Open... Save Save as... 50 Gd
File |
// Buck (Power stage) Parametric sweep 0 \
R = 4.356 = N
L=30n g \
C =160 u
Vin = 12.0 -100 \\
// Plant transfer function =
Gd = Vin / (L*C*s*s + (L/R)*s + 1) TYI0 100 1k 10k 100k 1M 10MI0DM
return Gd Frequency(Hz)
Gd
0 —-.\
-50
%
:% -100
i
-150
Set defaults Editor... | " Compie Select parameters

200
0 100 1k 10k 100k 1M 10M0DM

Export transfer function(s)... Frequency(Hz)

Initial frequency (Hz) End frequency {Hz)

1.14.1 Editor box

| m | oM Edit compiled functions | Set defaults (all) |
Edit external functions |
Help | Cancel | oK |
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 +, -, *, /.

L=
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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 = §.338

L I0e-E&

c 160e-6

BL le-8

RC 50e-3

Vin 12

/f Intermediate variables
d0 = R+RL

dl R+EC

dz R*Vin/ d0

d3 A*RC + R*RL + RC*EL
dd (L+C*d3) rd0

ds C*RC

d? = CAL*dl/d0

num = 42 ¢+ d2*d5+s

den = 1 + di*s 4 dT7*avs

f/ Flant tranfer function
d = pum/den
return Gd

1.15 Import and Export
1.15.1 Export

1.15.1.1 Export transfer function

Navigation: SmartCtrl > Import and Export > Export >

Export transfer functions Previous Top Next

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 ﬁ placed in the main toolbar.
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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.

Fie | Dessgn Optons  View Tools Warshouse Window Help
Hew Cirie maeco s B BEBBEY OO0 BE o>
New and indial dislog R v e e | @ @b b @
Open... Ctrk«0
Open sample designs..

Open defauh

Close

Sarve Carle 5
Sarve fs.

Open tat files...

_"'-"Nfl [rreeage)... Cerl-E
e

Genersle repodt

G. T () vs beguency

Print peeview
Print
Printer Setup...
1 C:\Wseest..\ Controll tre
2 CAUgers),. \Cantrall.tre
Eat ] )
1 HH R :

Line current...
intermal compersator output_

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:

First column Secord cokmn Third column
| FregHzl [ AbsicB) | Fhasel)

(= 10Hz] f¢=10 MHz)
Expost function batwesn | 0 Haand | Wk,

Humber of ports | 100

Foints vill be equi-spaced along a
(¥ logasithemic scale in the frequency ads
™ nommal scale in the fequency auds

T
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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

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.
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27 SmartCtr - Controll s e _T O -
[File] Dessgn  Options  View Window Tock  Help
A BE&@@Es0D0TEE

Hewr Crl+N gy

Piewe acadl inistial chisdog % |im m B | & |k b
Open_. Cirle )
Open sample designs...

Dpen default

Close

Save Carl+ 5
Save Az

(] ws hequency Mws Th

Open b files

Emport (merge)-. Cer=M |
Exparnt » Ta PSIM h J Schematic Cirl = Shaft « 5

Generste report L] e e e 5 Parametess file Ctrd = Shift = P

Prant previes [ Trandsent respendes ¥ Update parsmeters file

Cirl = Shift = R
Print * Warve forms k
e Global... EtiG /

. Export to PSIM (schematic)

selecting schematic file...

Buscaren: [ PSIM 9.0.0 x| « @ eF E-

idoc
|_Jembedch
| jexamples
=014
| SmartCerl

prl.lebal Jparnsch e

Mombre: ll
Tipe: IS-::hematic files [".sch, . peimsch) ﬂ M
g

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.
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T k¢ eample -] ¥
Dogatizar = Hures arpeta E=- O @
Fe Feambre . Fecha de mdiica.
::“m Fatgpin glemento Cowrvckit con € cnbireg gt bsgeeds
L i
B Descargas
i Gropo en el kogar
N Ene equipe
W Red
Lo ] ¥
Mogmibee: | P w| | Sehematic fies [ primach, “1e v
Concelar |

In the next step, the user will be asked to choose between different options:

~ Regulstor exporting veay
(+ |Components (A1, C1.... are given]
5 domain cosfficients

=z domain cosfficients

T Power stage and senzors

I" Instial conditions

Compensator exporting way
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* 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.

[ Fe £ view Swborom Bements Semdate Optons Ubbtes Window Help _ 8 x
D|cs|Q|@| *|%|@]o| @] v|x] 2]:5] sefs aleS|n] B m e
_—
Type-3 . conteEoller =
c3
—""__

Rl
From cCUrEent ensor

(vith current sensor -I.,L.l _"'.'U'\—ﬁ_“ |

gain set to 1)

Ri1l

To switch
contes ller

Vel

e bl Yol |
v [ STH1
P |nin e Settrouieepilaotaiuntted]_pareied | |

= b S
2w PO L I
e N R

4] . J Llj

+ || o] || | | 3 | B | ] 4| @00 BB €999 | &l

* §-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 Elemerts Smuste Options Lklties Window Hebp - B x
Dls|@|@| :[v|e|e|-|@| v|x| 2]ufn] Ze|Ofs ale|L|0] Bl w9
E
Type-3 contraller
¥ Ta switch —
sl 1-55;:}— @ controller

Egain

£zl From pover

circuit voluage

e

£z2

p1 1/ Grad

n T H

o %
] 1.
b

Parameter lien _Help
toaree [EEE
Fis | nix and Sectingepeilsortorouriitied]_paramt |

[re r
Bl ST M0

[ e

k=g B0
Kt 12 205
Pelml FHSLIE
Fad=l, THSENG
fed =X B51 iz
Fodw i i1 e

1 j of

$ || B 4] @fole| BIE &[990 v+ Bi8|e|e|

* %-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 initial voltage across the output capacitor and the initial current through the inductor

will be exported. This way the initial 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
select the exporting options (compensator exporting way, power stage and sensors and initial

conditions).
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@

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.

1.15.1.3 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.

E Design  Options  View Tools Warechouse Window Help
Mew celeN B2 M| 5R | F
Mew and initial dialog H :|_I ¥  fm im
Open... Ctrle
Open sample designs...
Open default
Close
Save Chrl+5
Save Ag..

HEEHBEHE OO0TOE
T 2= [2x -'.'E"lliﬁ

G, T (dB) vs hiequency

'Uptn ot Fibes.. ;I ............................................................................

Import (renge)... Cerl+E

Export ¥ To PSIM -
Generate report d Transfer functions L

Print preview k Transient responses L Reference step... [}
Primt ] Wave forms ¥ Dutput current...
Printer Sebup...

nput voltage...

Global... Ctr=G

1 CAUsers\...\Controil.tro Inner loop "

2 CA\Users\...\Controll.tro

Lime currént...

nternal compensator output...

Exit
I I [

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:
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Time shift

N. of points
to be
exported

Print step

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.

SmartCtrl shows the total number of points of the graph.

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 “
Fiehsiores tep
ek i
3304
33
330
330
a ul
o S0u B00u 150w
T e pez |
Time shift {sec)
om Funchon wil be translsted slong bme ass sccordingy.
Pasrbed of poants 1 be experbed
PrNE step
512 12 1 *:|
oy be | e |

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.

1.15.1.4 Export global

Navigation: SmartCtrl > Import and Export > Export >
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Export global

Previous Top Next

Mew

Mew and initial dialog

Open...

Open sample designs...

Open default
Close
Save

Save fs..,

Open tu files...

Import {merge)...
Export

Generate report

Print preview
Print
Printer Setup...

Ctrl+M

Ctrl+ 0

Ctrl+5

Ctrl+E

:

Hy

From the File menu it is possible to select Export Global.

File | Design Options  View Toocls Warehouse Window Help

= B | B e
I

¥ RS

G, T [dB] ws frequency

To PSIM 3
Transfer functions r
Transient responses L
Wave forms k
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 Output data
W Outerboop [ Innes loop Output current [T Input volbage

e loopubct .. _Irnerloop. bt . red L e _Trans¥ing. bet

Transference functions -
¥ G(s) Plant ™ Gvifs)
¥ Kis) Sensor ™ Giiofs)
¥ Afs) Cirl. to output without comp. ™ Govils)
¥ ¥R(s) Sensor-Compensator

¥ R(s) Compensator Chedcal | uncheccal |
W T(s) Contral to output

v ATF. it

¥ CLis) Reference to output

Checkal | Unchedkal |

W Outerboop [ Innes loop

«ee _TF. 1t o _Jrnes 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 - O X
File | Design View Tools Warehouse Window Help kot [aal]
- _ plus | Manual
New Ctrl+N BEdBRBEEBER «»FO0OO0-EE >
New and initial dialog M B | e|e|ln bn 6% ot GG G G g6z GGG Z| g 2563
Open... Ctrl+0
(5 2l
Open default = Bridges differential voltages vs time —
& Tl vs T(deg) m‘ i = Z
Close 2 1
Save Ctrl+S 2| b 1 I
E 0u Wu e
SoveAs_. > Time (sec)
Inductor current vs time
Open txt files... _ Fi
s = s~ I
Import (merge)... Ctri+E ELN! s P
Export > To PSIM > Solution map control
Generate report > to FPGA.. Shift+A

Phase margin vs Cross frequency

vaw

Print preview > Transfer functions >

Print > Gmod... [

) 150 -
Printer Setup... Transient responses '—_——a
12_Designing_digital_control_in_z_domain.tro Waveforms... 1 o -

2 vloop_non-ideal.tro Global... Ctri+G L

Phase margin
z
g

3 DigDgn_Current.tro Line current

B e e Internal compensator output

Can(V), Mod(V)
n

5 caja la vida es bella.pdf =T

0 | T W 00 1k 10k 10k 1M
Cross hequency(Hz)

6 Boost converter - double loop - I_diode feedback (3).tro
7iout_non-ideal.tro 2005
8 C:\Users\..\2Vloop.tro
9 C:\Users\...\Ejemplo.tro 120

50u0 50w 1004150 u200 u250 u 300 u350 u 400160 u
Time(s)

Exit Exit I

fo(Hz) = 125k PhM(") = 50 A

1ase shift

o
o 3
e

10 laptop_charger_SmartCtrl.tro

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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| @ smartCtrl - Control1

- O X Method
File Design View Tools Warehouse Window Help K | Kels| ]
= r— o plus | Manu
D BPE| raaa® a3y BdRAEE 9 O0M0TED *
2 [[- 2583
o9 e T TR | 1A T | R 8 | |1 e o [ B & £ e[l HRHEH,\‘sﬁ‘:"ﬁﬂ.“ﬁﬂn'ﬁ"n‘u.“ﬁ?. “ S % S e S B | K
B controlt [EE=] feH2) 125k
L fefHa
= Bridges diferential volt t i — |
- G, T (dB) vs frequency I ITLvs Tideal I Rﬂl % e ’I'm"wfg““ = |
" Export temporal functions = e 1 I e 50
o 0 0u 2u —
100 Time (sec)
B Waveforn o exert | == bt g
g o et o VI1(V) - Bridge 1 differential voltage
= lods V22(V) - Bridge 2 differential voltage
© Fie header ‘tme 2 2 = e
IL(A) - Inductor current
50j f, 100 - Bri
Number of points V2(V) - Bridge 2 output voltage B —
W0 0 Tk dok g Tmeshfteed [0 VL) finductoryokags
I1pri(A) - Primary winding current
Frequency (Hz) [bs ]
Data separated by s = VLm(V) - Magnetizing voltage \ /
ILm(4) - Magnetizing current
. T [deg) vs frequency . AS
Isec(A) - Secondary winding current bl By
\ lload(A) - To-the-load current wwvrr
50 \ setceits | b | ok | VdsQ1(V) - Drain-to-source voltage of Q1
7 B ~  IQIA) - Drain current of Q1 /
2 a0 = T2 " Vdsi'):(v) r; 'ut ltage of Q5 \
- . - Drain-to-
= { rain-to-source votage o S T
- N . 1Q5(A) - Drain current of Q5 [ e 1
1800 Carr(V) - Carrier signal
201 120 Ll Mod(V) - Modulating signal
T 0 100 1k 10k 100k 1M B0u0 50y 100150200 w250 u300 U350 ud
) Phase shift - Phase shift
Frequency (Hz) Time(s)
T 2T T
Exit
Ready o o . ffeHz) = 125k [PAM() = 50 [ & =

The addressed file is formed by two columns containing the time in seconds and the current/voltage
instantaneous value, respectively.

The file options and characteristics are described below:

First calumn Second column

I time I wL (V)

File header
Mumber of points

Time shift (sec)

Data separated by I tabs

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).
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2] SmartCtrl - [Controll

| F Design Options  View Tools Warehouse Window Help

C

™

When clicking on it, a new window will appear:

New

Mew and initial dialog
Open...

Open sample designs...
Open default

Close

Save

Save As...

Open tu files...
Import (merge)...
Export

Generate report
Print preview
Print

Printer Setup...

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
6 Controll.tro

7 Controll.tro

8 Controll tre

9 P9 Trailing Mal.tro

10 P9 Leading OK.tro

Exit

Ctrl+N

Ctrl+Q

Ctrl+S

Ctrl+E

R&EED

oL

& Cou

OD= EB o

ZoL

-

To PSIM
to FPGA...

Transfer functions
Gmod...
Transient responses

Wave forms
Global...

Line current...

Internal cormpensator output...

Shift+A

Ctrl+G

N\

100k

(7

40.045

5.tls) = 203036 m
T.sfs) = 3.97331 u
40,04 BwlHz] = 125.595 K

F o H=1 = A90 RAA

-
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Export to FPGA

{* Digital compensataor

(" Reference step

(" Input voltage (single step)
(" Input voltage {pulse train)
" Qutput current (single step)

" Qutput current {pulse train)

Stop control |

Port (com1, com2,...)

Mumerator: bd.s"~2 +bl.s + b2
b0 = 132.95595
b1 =-258.56351
b2 =123.77198

Denominator: ad.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.

Input 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 [ max to I min, set by

its duration.
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1.15.2

*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 &xport button, and it

can be stopped with the Stop Control’icon.

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 . It is 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

7]
You can select the Merge function both from the File Menu or through left click on from the
main toolbar.
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Functions to be merged “
Funchons
Type | Comment | Prathy Add
Moddy
[helabs
Disete o
£ » Agply
Heb |  cees | [COK

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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1.15.2.1 Add Function
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
r = : Where:
Furchion bype Lo Furction From
6l wope | Iete | pas | G(s)Plant Transfer Functio
™
- EE: - fia K(s) Sensor Transfer
© A = Rl ! Function
" KR 8 [ Pty Moa)| Prueel)] A(s)=G(s)*K(s)
& [T 10
- 'EE,“ e R(s) Regulator Transfer
P Function
L -y %
Furection color C K(S) R(S)
| _Set. | T(s)=A(s)*R(s) Open loop
transfer function
He
el | T CL(s) Closed loop transfer
function
2. Select the color
Add function
Funciicn ype Load function fom
cem "wofle | Tet e Patte
= K =
) Digital |
© R © Rl
KR 8 | Fregs| Mol  Phasel]
= T © T
o ™ CLaf] P
- 3
- | (m] |m] [&] o]
Furectio cok C EEEEERC
H St M ] v
b | =
Concel_| o |

3. Load function from .tro or .txt file

Load function from either a .tro file or a text file (.txt)

n
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T Linad hurschon from -

wofle | Teams | Pase |

4. OK
And the transfer function will be added to the module and phase panels of the Bode Plots

Lioad funchion froem

'uufhl Tt filer Paste |
e

8| FeeqHz)| MWoddB)| Phase(])|

1.15.2.2 Modify Function
Navigation: SmartCtrl > Import and Export > Import (Merge) >

e =

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

3. Modify settings

353
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Modify function Bl
Furscison bpe L hanctssn hioem
C 6N “hofie | Iemthe | Pame |
T -
A Digeal [0 e\ C P nche: b5 ) )
© R " Rz The user is able to modify
" KUFF [ Feqia] ModdB)| Phasel) the following parameters:
5 - 45 5 0 e-004 165 -153.38
[T © T 45 5TSe WE AW Load a new file
T u
ol T1[ L) A Bog ann Change the trace color
€ Generc B IENE @MY  nuE However, if the user modifies
z = the function type, a new file
- Conmer t be loaded
] S must be loade
Heb
Coeel | [ ok |
1.16 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 frequency

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

[l Avalle. Desion
A

Methods

lefHz) 143103k

[ Atteraastion (2] ()

W}faﬁmmmw

..._ Solutions Map.
| Lo 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 - PM) can be easily changed in the K method tag of the
design method box.
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Method [
E | Kpius | Manwal |
K [1 554
IeHz) 14Nk
—
P[] 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.

Saluticn map contred a
Phissh i vi i ot
Py
X0
T
&
=
1m Tk Mk ]k -
..... mroyfin

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.

r
. The double zero is placed at V¥ frequency
. The double pole is placed at K 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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ki
. 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 o below

= i
o Jr=JSo R
fcross ( ) and the poles a factor § above fcross (H= e M,
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, B is automatically calculated.

The additional degree of freedom obtained with Kplus can be used as follows:

If a is set to be lower than K (from the K-factor method), higher gain at low frequencies but
less attenuation at switching frequency (fsw) are obtained.
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1.16.3

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, - 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
input parameters, phase margin and cross-over frequency And also an additional parameter, Kplus,
which corresponds to the aforementioned o factor.

Method B
K Kphit | Marwal |
Kphe | 1.5
_J—

felHz) 143103k
I

el 45

_-;,7
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

Mediod” N adjust the frequency values of:
K| Kok | Maruel * The two zeroes,
f21Hz) 35,243 * The two poles
f22{Hz) B2 * And the low frequency pole
Mz 223564k In the case of a Type 2 regulator, the available
oy | 22%AR frequencies are:
. PRy * The zero
* The pole

* And the low frequency pole

1.16.4 PI tuning
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 =

= tunhgl

Iv Edit Kp and Ti

folHz) | 33.7119k

A
59.579

PhM(’)

L
.

<2

Kp |3|1307

|

<

TI[S] 424611 u
1

o

Attenuation (fsw) (dB)

[»] Heb| Et |
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When selecting the Phase margin & cross-over frequency SmartCtrl calculates the both the
proportional (Kp) and integral (Kint) gains and shows them in the corresponding output boxes.

Method [EJ
Pl tuning ]
fe{Hz) 101.41
|
PhM(*) 102674
|

Kp |51.3534 1]

Atteruation (fsw] (dB) i o T Solution Map |
[.2.3.5433 | Kp and Ti Selution Map Contro

| Selution map control

5[ )

| Heb| Est |

The same as in the other automatic calculation methods, the phase margin and cross-over
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:

G(s)=Kp % where!
I

Kp:1s the Gain of the PI controller.

LT;‘:is 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.

Tisl

Ep and Ti solution map control
KpwsTi
10k
1k
100
o 10
e
1
100 m =
10m
10w 100w im 10m 100m [

Solution map control ﬂ.

Fhaie muegn s Cross bequarcy

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 Map 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.
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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 poe urig |

efHz) 100702

Prur 459305
_&

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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Method B
// PI (Compensator)
Fp = 15 m
Ti = 300 u
R =Fp * (1 + s*Ti) / (s*Ti)
return R
Parameter Value == foH)
lkp ]f15m | 29.0603
=1 PhM()
< |93.0633
il RMIET MG(dB)
— | |?_z.9419
Att{dB)
|—38.8=395
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

i

It allows the variation of all the input parameters of the system. These are:
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General Data
Plant

Sensor
Regulator

it

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 I 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

Tick box 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
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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 inner loop or the outer loop.

Tag "General Data" The parameters to be varied are related to the open loop
g p

parameters. The designer is asked to provide a range of variation.
The available parameters are:

Parametric sweep “
Loop bo ke mccifesd Lo to be showm
[Gighe ioop =] [Grgeien =l
™ Cabdste compserstor
-
Eﬂd#a|M|5m| Compenzator |

Walas M i it M et
* Croas foec. [ | mar | wms [ 1s2ms
T PhM[ | men | SiEt | 1%

j |

Apely Help e T

Tag "Plant" The parameters available for variation are related to the plant

input parameters. The user must introduce a minimum and a
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maximum value for the variable selected, in order to provide its
range of variation. Only one parameter can be varied at a time

Liosog b et mceciiscd Lisz by B e

firwin o] EEET] |
I Cakalain

r e

Gensid dsts  Fland |ﬁm]ﬁrﬂm|

[ Eruch. [voltage mode cordiobed]

Mirariim LET T
&)

& Vinjv)

Tag "Sensor" 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 Wref/v 0). 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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Lot b be rodied Lot 1 b thewar

[Fgie locp
I Calculste comperaaton

T Calerde mret comperd st

Gienesal dats | Plart  Senuor | Compenaat |

=] [sege koo

=l

[ Wolkage drvadet
Yk Hrwrres

= Gan [ ™resm [ s [ LEm

gt
1158

Lineq b o e
[Siregr ko
[ Calculain compernator
r' Calculste rner compensaton
Goneroldota | Plard Seraos | Compenuaiar |
| ol sliect senser

Wl M LET o
& Gon [ &= [ &m [ mm

Licsas s But ibucesy

| [Frgaim =

" iphalifHz] | G | 06 | TH0 G

Tag "Compensator"

The parameters available correspond to the modulator gain and
the Resistance R11.
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Parametric sweep Ex
Lo 8 bt prcerbioed Lo 1o b shown
[Ging locp =| [Sroeioon =]
[T Calculate comgentbiot
r
Ganeidl dat | Plark | Genser  Compensatis |
A
Viahsh Hrarrusm M parrus
Gmod [ | ErT| B0m
~ RN [ | |
]
dopk; Help Coced || x|

1.17.2 Compensator Components Parametric Sweep

Navigation: SmartCtrl > Parametric Sweep >

Compensator Components

. Previous Top Next
Parametric Sweep

To access the compensator components parametric sweep the user can either click on the button

E 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 ﬂ

C3
—
c2

]

B2
[E]

E cu: Ramp et

v aoe Mirinwum I acamuim

& R2{Ohme) |361808k  [465447k  [69817K
C2h [38575n  [27886n  [41829n
C 3 [ss886n  [447088n  [67.0632n
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

s

To access the source code parametric sweep the user can either click on the button , 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

ff Buck (Power stage)

E = 4.35¢

L=30nu

C = 160 u
32.51%5¢

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

Enable sweeping according to the parameter selected Apply source code

[ caloulate compensator

Parameter

Maimum value

Value Set this value |

Minimum 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

vin SEE

Plant transfer function
Ed = WVin / ([ L*C#*z*%*=z + (L/R)*= + 1)
return &d

| Enable sweeping according to the parameter selected I

* Plant " Sensor
Editar... |
Source code
ff Buck (Power stage)
E = 4,35¢
L = 30e-6
c = le0e-6

Apply source code

[ caleulate compensator

Parameter

Maximum value

Value  Set this value |

Minimum value

120

12

i

1.2

Ok Madify values manually |

Cancel Reset to initial values | Help

B

Maximum and minimum margins can be changed as shown in next picture:
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Enable sweeping according to the paramd New range and value @
[ Calculate compensator
| 120 Maximum value
Vin Parameter
| 12 Value

120 Maximum value

| 1.2 Minimum value
12 Walue Set this value
2 Minimum value
K | Cancel

Madify values manually

Iy

QK

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
~ ADC
PID
Digital Vmin(V) I [l
Compensator
— m Vmax (V) 5
: ) ',—u
Vref_Digital Noits
Fsamp{Hz) 250k

— DPWM

tsynic(s) I 4u
Vref_Digital I 204k

— Digital compensator coeffidents format ——

% Floating point

 ox.y

Vref(V) I 2.5

Type ILeading edge vl
Nsteps I 4,096 k

DPw counter, Duty cycle

5000
4000
3000
2000
1000

Timing diagram

Esampling

d update

N

/|

N AN

10u 15u

Time(z]

Update

Set defaults |

Help | 0K I Cancel |

"ADC and DPWM" option when defining a customer compensator using the Equation Editor:
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Equaticn digital >
ADC Digital compensator coeffidents format
: 0
R (Z ) Vmin(V) g {* Floating point
— m Vmax (V) 5 C Quy
LoPwM | + bis [ 2
Vref_Digital Noits
Fsamp{Hz) 250k
tsynic(s) 4u
Duty cyde 0

DPWM

Type |Leading edge -

Timing diagram

5000

i} T n
T zampling d update
Nsteps 4,096k 2 4000 '
3
= z000
iy
=
§ 2000
% 1000
= 1]
0 Au 10u 15u
Time(z]

Update | Set defaults | Help | 0K | 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 frequency must be a multiple or

submultiple of the switching frequency.
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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:

z.ﬁibl'rsﬂﬂl.’.'

Ve FDigital = (ValueToBeSensed - SensorGain — Viprmin) . 7. _
ADEmax — YADCmin

*tsync(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 §een’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
*[eading Edge
*Triangular

*Ad-hoc, defining Gmod and tdelay(s).
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Analog controller:

As reference, an analog controller time stamp is presented:

—_— Y/

g 4 mean ‘D’ value

m o)y H

= d valu:zj upt.:lated with the value ‘&’ value due to the actual

@ sensed justin that moment —_— . . .

S signal value in that precise moment

o

@ // / /

oo b

C _'_,_,_'—'—'_'_'_\7—‘—\—\_._\_\_\_ '_._'_'_,_,_,-'—'—"

o

{ -

|_ B
F 3

©

c

o

v

s BN

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).

otg; gital’ 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.
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otsyn ¢ it is the time difference between the moment when a signal is measured and the

moment when that measurement affects the output. This last parameter is the one to be
introduced 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 <ton~tdel ay
If t _delay equals 0, the parameter t sync equals ton, the generic expression would be:

ts-yﬂc =ton— tdai!rzy =d- f_ - tdﬂfﬁy
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

-
>

‘d’ value updated with the value
sensed at the sampling moment

__GW—-'”_ l\a’\.ﬂ' v

Trailingedge signal

t delay
t digital

tsvn-::

F 3
k

PWM Signal

L ]

time
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Digital controller (Trailing edge) with t digit al” ton~tdel ay

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:

t

1
syne = ton — Lasiay + T = (1+d) -

7~ Lasiay
fow O

mean ‘D’ value
------- ‘d’ value due to the actual

—_—
g — - signal value in that precise moment
@ d’ value up.dated Wltf‘! th‘.a value sensed ‘¢’ value due to the signal value at
$ at the previous sampling instant the previous sampling instant
[=T4]
o
4]
T3]
C---l-'"'---’_ _"‘_“_,_-F
é S [~ Py e
‘©
|-
= .
B t digital
a
e
F 3
©
c Lyne
El} d P
v
=2\

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:

© 2024 Power Smart Control S.L.



380

SmartCtrl User's Guide

- = 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

-
-

There is enough time to sample and update
the duty cycle more than once every period

""" T et et ] Rt s

Trailingedge signal

|
=
2
[_“ -'s'rlll
c
oo
wn
§ -
o
L
time

*Only some measurements are able to affect the output signal every switching period.

- = mean ‘D’ value

A e ‘d" value due to the actual
signal value in that precise moment
When the signal is sampled again, the Duty Cycle is — ‘d’ value due to the signal value at
already set, soit can’t change until the next period the sampling time

'7-(;.-_—;-——""'“??’{."'-"—-&1:: -------- =, 4 i 7 ._Cr----_.-_...---"""

| T :

Trailingedge signal

t digital

tsync

k 4

PWM Signal

¥

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):

tdigitfzi = ts-_wz.c = f_

i

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:

....... d’ value due to the actual
signal value in that precise moment
b — ‘d’ value due to the signal value at

©

Eﬂ the sampling time

3 /—/%

op

-

]

oo

=

TE

l_ L
2

= 2(8 tsync

c

20

n

= N\

= N\

o

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:
Teampling = tayne < 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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Tﬂ F 3

C

b0 t delay > 0, accounted for by a negative

$ phase shift in the triangular wave

oo

o

@

) = ]

é lwv i

'

-

= .

.| tdelay

e

o

o t delay < 0, accounted for by a time

$ delay block prior to the regulator

314

3 ./

@

= LT T rlv I 0 Y e —

'©

| -

= .
|. t delay

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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Hiz) < :
————— = Time delay
Paramebers |.:_'°|.;|- |
Triangular-wave voltage source Help I L
Display
Hame: WTRI3 | =]
¥_pesk_to_pesk Vo r =
Frequency Fsw W =]
Duty Cyde Dramp I =
DC Offset W r =
[o [ .|
hl Fhase Delay FhaseDelay r = )

1.18.1 Digital settings
Navigation: SmartCtrl > Digital Control >

Digital settings Previous Top Next

10
Push in the icon 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.
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Digital control settings “

[ Calculate digital compensataor

S ampling frequency [Hz] 230k

Bitz nurmber 12
secumulated delay (z) |44

Help | Cancel | 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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Loop o ke shown
= ris oo IS
Min Wabae M
Samping bequercyHal | sk | 00k | | 500 k
Bits rmber | E 12 || T
umﬁw'*' I | 10mn | 2By | Ay
|
L]
Mo wamings
Asoly Hp | caca | [ ok ]

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.

Loog bo be shown
Emale koo —I i
Peliny Wi [
Sampling hrequency Mzl | S0k || M0k | 500k
Bisrumbes O J 1 | 12 | 24
Accueied i) | 1000 || 100n | | 4l
|
-
Wasiringe
Apgly | Hep | Carcel | [ |

[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.

© 2024 Power Smart Control S.L.



SmartCtrl| 389
Lo b b shres
Single locp = :
Min Woalus: M
Samclrgbequencya) © | %% [ 100k [ 500K
Bt rummber | 3| 5 | «
Accumdsted delay 3] | 100 I Tu | u
L
il
Warings
Aok Help Cancel | 3 I
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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Frequency range I Layout |

Minimurm frequency (Hz)

939k Maimum frequency (Hz)

Help

Aceptar | Cancelar |

Aplicar |

1.20 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
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Frequency range  Layout

Crganize SmartCtd windows automatically after...

¥ : loading a new document!

[w . =olution map modffications 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 | Warehouse | Window  Help
Dl ®=E BB 5

|10 e TaT e | 8 ih
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T Warehouse contains information of:
Conductors | 'COIldllCtOI'S
Capadtors | *Capacitors
Diodes | *Diodes
Mosfets | *MOSFETs
Core geometries | Help | *Core geometries
Core materials | Cancel | OK I *Core materials

1.21.1 Warehouse components

Navigation: SmartCtrl > Warehouse >

Warehouse components 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.

Diodes = |
Name | e rd | v | W | g | wr lfav | wm 4 e N
DS540-0008D 0.05  0.0025 0 0 0 0 ) 8
BATS0A 0 0.00066 0 0 0 0 3 10 —r
BATE0S 0 0.0011 0 o 0 0 3 10
DSS20-00158 0.01 0.004 0 0 0 0 0 15
58330 0.1 0.07 0 o o 0 3 0 = Delete...
1N5820 0.1 0.28 0 0 0 0 3 20
sa520 0.3 0.0072 0 0 0 [ 5 20 Delete all..
DS525-00258 0 0.00818 0 0 0 0 25 25
BAS30058 014  0.0005 0 o 0 0 0.5 0 Modfy...
BAS30108 0.07  0.00012 0 0 0 0 1 30 1
B130-£3 0.15 0.5 0 0 0 0 1 0
5523 0.2 0.033 0 0 0 0 2 30
305CLIQ030 0 0,04 0 0 0 0 £ 30
30510030 0 0.01 0 0 0 0 0 30
BAT165 013 0.0088 0 0 0 0 0.5 40 e —

58340 0.1 0.07 0 0 0 0 3 40

BASS2 027 00111 0 0 0 0 0.5 45

DSS10-00458 031 0.04667 0 0 0 0 0 45 Add from et fie...
2206Q045 0 0.01667 0 0 0 0 0 45

3550GQ045 0.32 0.02 0 o 0 0 35 45 Export to et file...
MBR 15H50CT 0.1 1 0 0 0 0 7.5 50 \ /
GI2401 0.3 L111 0 0 7.5017...  3.56-008 16 50

FEP15AT 0.43 1 0 0 0.0002.. 3.50-008 16 50

MBRTS0 0.3 0.333 0 o 0 0 7.5 50

MBR 1060 [ 0.022 0 o 0 0 n &0

MB0E0P 0.06  0.07368 0 0 0 0 30 &0

3550GQ060 0.34 0.024 0 0 0 0 35 60

DSSKE0-0068 0.31 0.03 0 0 0 0 2 &0 Help
TESLG050 0.3 0.015 0 o 0 0 75 50

ss28 0.4 01 0 0 0 0 2 80

VT 10805 0.08 0.02 0 0 0 0 b 80 ﬂ &
DSSK40-0088 0 0.00875 0 0 0 0 0 80 .
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