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wWhy 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 optimized control loop for almost any system.

In order to make easier 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 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
regulator parameters dynamically in order to adjust the system response to the user requirements in
terms of stability, transient response, ... Since the program provides, at a glance, the frequency
response of the system as well as the transient response and the regulator 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.

Key Features

Pre-defined transfer functions of commonly used power electronics plants and
sensors.

Possibility of importing any transfer function by means of a .txt file
Estimation of the stable solutions space (*'Solutions Map")
Dynamic variation of the system parameters.

Real time updated results of both the frequency response (bode plots) and the system
transient response.



Program Layout 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 two sections:
1. Design a new converter control loop
Within this section the available options are the following:

Single loop DC/DC converter
Single loop converter using an imported transfer function
Double loop DC/DC converter
PFC converter

2. Importa...
Recently saved file
Previously saved file
Predefined converter

SmartCirl @

Designa... Impoet & .., -

: ﬂ single loop DC/ADC corrvester ﬁr—h‘ tecenty saved file..
single boop corverter + 7 : d file
uzing an imported transter function 4 ik
double loop DC/DC canverter ':'E predefined corverler...

PFC corwertar

Cloze

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 six 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

Data  SmartCtrl libraries and parametric sweep
View  Allows the user to select which elements are displayed and which are not
WindowFunctions 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.

3 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 regulator Design Method Box includes the three calculation methods of the regulator as
well as the Solution Map .

6 Graphic and text panels includes the most relevant information of the system: frequency
response, polar plot, transient response, input data and the designed regulator components. To
access the help topic regarding each panel just right click on that panel.

Drop-down menus
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File Menu

New

New and initial dialog
Open

Open sample designs
Close

Save

Save as...

Open txt files

Import (Merge)

Export

Generate report

Print preview

Print

Printer setup
Exit

Create a new project (Ctrl+N)

Create a new project and displays the initial dialog box
Open an existing project (Ctrl+0)

Open a sample design from the examples folder

Close the current project window

Save the current project (Ctrl+S)

Save the current project to a different file

Open any .txt file in Notepad

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)

The program provide different exporting options. It allows
exporting the following:

Export transfer functions

Export regulator components to either a txt file, a PSIM
parameter file or a PSIM schematic file

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

Generates areport 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 (regulator
components, cross frequency, phase margin, ...)

Preview the printout of any of the graphic and text panels (
Transfer function modules (dB), Transfer function phase (°),
Nyquist diagram, Transients, Data input, Results)

Print any of the panels of the main window (bode plots, Nyquist
diagram, transient, input data or results)

Setup the printer

Exit SmartCtrl program
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Design Menu

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

Predefined Topologies Contains the most commonly used DC/DC plants both in
single and double loop configurations, as well as AC/DC
plants.

Imported transfer function Allows the use of a generic transfer function by means
of the import of a .dat, .txt, or .fra file

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

Parametric Sweeps Allows to perform the sensibility analysis of the system
parameters. It is divided into two different parametric
sweeps: Input Parameters and Regulator Components

Reset all Clears the active window
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View Menu

Comments Opens 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)
Regulator transfer function, R(s)
Sensor-Regulator transfer function, K(s)*R(s)
Open loop without regulator transfer function, A(s)
Open loop with regulator transfer function, T(s)
Closed loop transfer function, CL(s)

Transients Select the transient response to be displayed. The available transient
responses are:

Input voltage step transient
Output current step transient

Reference step transient

Organize panels Resize all panels and restore the default appearance of the graphic and
results panels window.
Enhance Select the panel to be displayed in full screen size
Bode (modulus) panel (Ctrl+Shift+U)

Bode (phase) panel (Ctrl+Shift+J)
Nyquist diagram panel (Ctrl+Shift+l)
Transient responses panel (Ctrl+Shift+K)
Input data panel (Ctrl+Shift+0O)

(

Output (results) panel Ctrl+Shift+L)
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Window Menu

New Window

Maximize active window
Cascade

Tile horizontal

Tile vertical

Split

Organize all

Create a new window

Maximize the current window

Arrange the windows in cascade form

Tile the currently open windows horizontally
Tile the currently open windows vertically

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

It restores the default size of the graphic and text panels.


alazaro
Line


Main toolbar

Previous Top Next
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Create a new project

Create a new project and open initial dialogue box

Open an existing project

Open sample design

Close the current project window

Generate report

View document comments

Open the single loop DC/DC data input dialogue box

Import plant transfer function, voltage mode controlled
Import plant transfer function, current mode controlled
Open the double loop DC/DC data input dialogue box

Open the Boost PFC converter data input dialogue box

Save the current project

Export transfer function to a file

Import transfer function from a file to be merged with the current project
Export regulator to PSIM (schematic)

Export regulator to PSIM (parameters file)

Update parameters file of the previously exported regulator
Maximize active window

Tile windows

See all panels

Organize all panels



View tOOIbar Previous Top Next

Display the frequency response (Bode plot) of the plant transfer function
Display the frequency response (Bode plot) of the sensor transfer function
Display the frequency response (Bode plot) of the open loop without regulator transfer function

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

= 0% mg W

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

Display the frequency response (Bode plot) of the open loop transfer function

i RE

Display the frequency response (Bode plot) of the closed loop transfer function

Jﬁ Display transient response due to a reference voltage step

o Display the transient response due to an output current step

1V Display the transient response due to an input voltage step

& Display inner loop results

Display outer loop results

e Enables or disables the display of the regulator calculation method toolbox

Input Parameters Parametric sweep

™
H

)

Input Parameters Parametric sweep




Import your own Transfer Functions Previous Top Next

One of the Key Features of SmartCtrl is the possibility of using a generic plant transfer function
imported from a .txt file.

Thanks to this feature, the designer is able to carry out the regulator design and optimization when a
generic plant is used. The system average model is not needed, but the plant transfer function, which
can be obtained by means of experimental measurements or AC simulation .

To perform the single loop design from an imported plant transfer function just enter the data menu
and select imported transfer function. Within this option two options are available:

Current mode controlled

Voltage mode controlled

SmartCtrl - Control2

Fi= NeELEN View Window Help

D- Pradel’lnadm.nulmmes = ™M T M
m Vokage mode controlled (b fle)... ChrkHL .

Currert mode conkrolled (Bt file)... Crdsl

Parametric sweep L4

Reset all...

Other available path to access this option are the icons placed within the main toolbar.
&2 Import plant transfer function, voltage mode controlled

3 Import plant transfer function, current mode controlled

To load the plant from a file follow the instructions below. SmarCtrl is able to load the following file
formats: *.dat, *.txt, *.fra

10



Plant from txt file {voltage mode controlled)

ﬂ Cancelar

File
Load plant...
Buscaren: [ elevador MY_MCC |
B boost_ACsweep.fra
|£| boost_ACsweep_sincabecera,bxt
Mambre; |
Yalv] FawlHz] Tipe: | Tet.Dat PSIM files [t " dat, " fra]
|1u |1DDK R e A

Once the file has been selected, the transfer function is displayed in module and phase.

Some additional data must be specified:
The switching frequency (Fsw) in Hertz.
The desired output voltage (Vo) in Volts. (Only if the plant is voltage mode controlled).

Plant from txt file (voltage mode controlled)

File

]

G[dB] vs frequency

|D:\F'HDYEETDS\F'EIWEHSYS\Identificacion fdthelevadaor MY _MCC\boost_ACsweep.fra

G[phase] vs frequency

%H 100
20 ] !
10 -100
0 N
a0 N 200
20 \\ I P,
300 I
a0 Y ¥
-40 -400
100 1K 10K o0k 1M 100 1K 10K 100K 1M
Frequency[Hz] Frequency([Hz)
Walv] Fzw[Hz]
iC 100K Help Cancel |

L]

DK|

To continue with the single loop design just click OK.
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Plant from txt file (voltage mode controlled)

File

X

|D:"~F'F1EI‘|"E CTOS\POWERSY S Udertificacion fdhelevade MY_MCCh\boost_ACswe=p fia

G[dE] vz frequency

i
zﬂ—“"\\
1]
5 N
-10 \‘N
-20 W |
~an Y
-40
100 1K 10K 10K 1M
Frequency[Hz]
o] Faa{Hz)
10 [100K

100

-100
-200
=300

-400

Gifphase] vz frequency

—

N

100 1K 10K 1DE 1M
Frequency(Hz]
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Imported plant single loop design Previous Top Next

The single loop is formed by three different transfer functions: plant, sensor and regulator, that must be
selected sequentially.Whether the imported plant is voltage mode controlled or current mode

controlled, the single loop design process is the same in any case. The only difference are the sensors
available in each case.

The imported transfer function has been already loaded. Whether it is a current mode controlled or
voltage mode controlled, the available sensors are the following:

Wi Lo v i ot e (70 T ], v B ol B i

y -4 === [Voltage mode controlled
P Voltage divider
Reg. Embedded Voltage Divider
g | 2l sarum EETEEREE ;
e N s meems |Current mode controlled
—— I | Current sensor
el Hall effect sensor

b] s | ]

Finally, the regulator is selected.

Dt el Il bk Rt b1 “Regulator types:
- o [ . Type3
F— ¢ Type 3 Unattenuated
e Type2
— P | e Type 2 unattenuated
|4 k F SN e PI
L B = e Pl unattenuated
' - e Single Pole
b| meea |[CE] Single Pole unattenuated

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.

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.




Yol aps mede comirabed jixt 1ik), aiagk lsap 4% gl

-1 T Wie ke T W Hagly et s k. i W
I I 1 i) frdsie | g by princieg
i e dp s bemercr e
! g ool o vikar
- I P i ki o s R P
| o Pl el P g el e,
} } g o upcd et e o poked?
[ ) [ [y H lwmbmymvsy P mage
e
£ - T ]
al . Cumiey  Prammag ! il et
: o | I | R e
[ !]"' {E] [ I |
. — - |
H : H |
Lo | & —— fi—ici -
" TF wE o, ™
| B~ | Wl e e meea | ]

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)
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Export transfer functions Previous Top Next

SmartCtrl provide 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 & placed in the main toolbar.

Any of the transfer functions available can be exported to a .txt file. To do that, the designer must select
the function to export within the available list and set the options of the file in the corresponding
dialogue box.

* SmmariCtrl - Cantrall
NN Csta  Wiew \indow Help

Haw kM Eg@ Em“’m

New and inkial dialag

Cpen..., Chrhe

Close

e Chrh+s T (48] v hecuancy

Save A5...

Impoet: fmerge)... CirkeM r

T fuvions + JCOR

. . Aegulatar bo bt file Kfs)  Sersor

P:::W‘”” X Bls) Open koo withouk regulsker
Rz} Regulator

Prirker Sstup...

' . Tig) Cpenloop
Clis) Chosed loop

Exit Inrer lacg ¥ |_

The addressed file is formed by three columns containing the frequency vector, the module 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:

Exporting Plant transfer function...

First cobumn Secord column Third colurrmin
Ll [ =B [ Absids] [ Phesel)
[»=100Hz) [¢= 500 EHz]
Export function bebuwesn | 100 1z and | 500K 4,

Murmber af points 100

Ptz wil be equi-zpaced along a
% |ogaithmic scale i the feguancy ans
" niemnal scale in the lequency 2ds

Data separgted by tabsz ;|

Setdaiad.ts] Cancal || oe |




File Header It contains the name of the three columns of the file.

Export function The designer is able to set the frequency range of the exported
between 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

16



Export regulator to PSIM Previous Top Next

Another of the exporting options provided by SmartCtrl allows to communicate the program itself with
PSIM software.

Once the regulator has been designed, it can be exported easily to PSIM in order to carry out a
simulation.

There are three different options for exporting the regulator which are briefly described below:
Export regulator to PSIM (schematic) E3

The designer is able to export the designed regulator to PSIM in an schematic form. This
is, the user will be asked to select the PSIM file in which the regulator schematic will be
inserted.

Selecting schematic file...

Buscaren: [ PSIM 9.0.0 x|« @k E-

| Cidoc
| embedch
[y examples
=iold
| SmartiCirl

pruehal.psm;m e
o |

Tipe: | Schematic files [ sch, *.psimsch) | Cancelar

Two different schematics are available:

v" Components (R1, C1, ...)
v" s domain coefficients

The user will be asked to select one of them:

Select regulator exporting way

% Components [F1, C1... are given)

g damain cosfficiers

Help Cancel | ok, |




Finally, the regulator is inserted in the selected Psim schematic file:

v' Components (R1, C1, ...)

[EH Fie Edit View Subcrcuit Elements Simulate Options Utiities Window  Help

O|S(@l|s] &(w=e]o||a] v[x| 2w onw alels|of Bl = alE] |
=l

Type-3, controller
From power
circuit . voltage

R €1

© To switch controller

f3w
1/ Gacidl

x
File

Farameter fils 1 Help

Harme

File [ Vwances por fechas|20091226\prueba?_paramd.tt |

Ra=14,41720hm =
Rb=45.0540hm

[EZ File Edit View Subcircui Elements Smulste Options LUkiities indow Help

TP = T e e e = e e e = et et T S TN A |
=l

Type-3 contrgller. |

To switch

" Fle [\Awances por fechas 20081226 \prusbaz_parami.txt |

Ra=14.41720hm =
Rb=45.0540hm

L6357 1KHz
L6357 1kHz
9,

controller From power
fau o o ircuit voltage |
17 Grad
Fa
rueba2_paramo.txt
Fils . L B S o
Parsmeter fie _Help_|
Hame [FILEZ
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Export regulator to PSIM (parameters file)

In this case, only the parameters file will be exported to PSIM. Similarly to the
previous option, SmartCtrl will ask the designer to select the PSIM schematic to
which the parameters file must be exported.

Two different schematics are also available:

v" Components (R1, C1, ...)
v" s domain coefficients

Update parameters file k]

Once one of the previously described options have been performed, only the
updating of the existing parameter file is needed.

When the designer click on this option, the previously inserted parameter file
will be updated automatically.
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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.

" SmartCtrl - Controll

W Design  Options  View  Window H:lp
Tz Chrisd
Taws and infdal dialog
open... Chri+C
COpen samphs dasigns....
Closge
Sawe Ctrl43
Save b5,

Open bt Fles...

Import (marga)... Chrl4m

Export: k
iGenerate repart L]

Print prawies »
Print K

Printer Setup, ..

1 Buck corwertar - double oop - 1_nductor Feedbadk tra
2 PRC Boost Converber 3tro

3 PFC Boost Conwverter 15k.tro

4 PFC Boast Canwerter 1Sktro

S Boost PRZ Corverber tro

& FiiControlz tro

T FOT Bidi Red_200Hz30MF _091118,kra

8 FOT Bidi Red_200Hz30MF _w091115.ra

9 FOT Bidi Red_200HzS0MF o

10 alevador MY MCC mas sobreamortiguadio.ro

EBKe 0OMmME

T

Transfer functions
Riequlatar

Transknk responses Refarence shap

Exit

This option is also available through right click on the transient response graphic panel. The
corresponding dialogue box is displayed below. It shows the transient response to be exported as well

as the following parameters:

Time shift

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.
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X

Transient to be exported

Reference step

i
L~

33

-0.00m 0 0.0001 0.000z2 0.0003 0.0004
Time(zec]
Time shift {sec)

om Transient will be translaked along time axis accordingly.

Mumber of points to be exported
Prink step

Apply Help | Cancel |

Click Apply to update the parameters and OK to continue. At this point, the program will ask you
the name and location of the file.
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Im port (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
You can select the Merge function both from the File Menu or through left click on from the main
toolbar.
Functions to be compared E|

Functions
Tupe | Comrient | Fath Add

b odify
Delete

Delete all

el

3 ¥ Apply

Help Cancel | k.

2. Available actions

You can choose among the following available actions:

22



Functions to be compared

Functionz

x]

Type

|Eumment | Fath

| #

Help

>

Cancel |

Add
b4 cdify
Delete

Delete all

A pply

]:8

el

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

23



Ad d Fu N Ctl O n 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 B
'™ Fnchion typn —— b Losd i born
i A ot e Where:
i © Al i | G(s)Plant Transfer Function

™ Rzl ]
! " EprR !-“ Fueqiz) | Modes) | Pasel | K(s) Sensor Transfer Fucntion
& 1y I
! con | AS)=G(5)*K(s)
N R(s) Regulator Transfer Function

Covlest

Sutuct K(s)*R(s)
Cowrainint = * 1
— : T(s)=A(s)*R(s) Open loop transfer function
Concel CL(s) Closed loop transfer function

2. Select the color

Funclion lyps Lead furetion fon
r
Gz} * g fie Test fie
i

= Ak |

 EfTRE #_ | Fegiz)|  Mool)|  Prase]|

3. Load function from .tro or .txt file

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

Function type = Load fonction from 1
-

Glsl 1 *bra file Text file :
® [ | file: |
£ Als) I | I

© Rls) L

£ K(sJAls) | FregHzl[  ModidB) | Phasel)

* Tis)
Ol

Calor

Comment

Help

Cancel

o

7=
wr
(L,
@
Q

4. OK

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

Add function E]

Function type Load function from
#EL
" Kls) ]
file
€ Al [D:\PROVECTOSPOWERSYSWaldacions07_Val
 Als)
C K(sPRE # | FiegHz)|[  ModidB)|  Phasel’) »
992 9.64e+003 2037 105.36
® Tls) 993 9ABe+003 20,33 105 38
roo 994 9.73e+003 20.29 105.41
{s) 335 §.77es003 2075 105 43
996 9.82e+003 20.21 105.45
. 937 9 BFe+003 2017 105.48
993 9.91e+003 2013 10550
Color 939 9 95e+003 2009 105.53

£4]

B2

Comment
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The Modify function allows the user to Modify the settings of a previously merged transfer function
(change color, file of origin...)

1. Select the Function to be modified
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2. Click on the Modify button
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3. Modify settings
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Previous Top Next

Single loop

The single loop is formed by three different transfer functions: plant, sensor and regulator, that must be
selected sequentially.

The first step to define the system is the selection of the plant.The plant can be either a pre-defined one
or a user own 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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Once the plant has been selected, regardless the magnitude to be controlled is voltage or current, the

The predefined DC/DC plants are the
following:

Buck

Buck-Boost

Boost

Flyback
Forward

program will display the appropriate type of sensor.

B Cabiwwiniy, ke Wuog dLats

g | e oo oo ol =
=ue
= ®

Sara e by 1 baen
eaded wn got
Binl1 (Wi e
carha bag ok

Compfma  Pluseesms

|
b oot |7

56 dawdl Hilg |

Finally, the regulator is selected. SmartCtrl provides different regulators as well as the possibility of

- The different sensors available are the

following:
Voltage Divider
Regulator Embedded Voltage
Divider
Isolated Voltage Sensor
Current Sensor
Hall Effect Sensor

importing the transfer function of a new one through a text file.
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E|Regulator types:

Type 3
Type 3 Unattenuated

Type 2

Type 2 unattenuated
Pl

Pl unattenuated

Single Pole
Single Pole unattenuated

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
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are shown graphically. It is called Solutions Map.

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.
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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)
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The double loop option is formed by an inner current loop and an outer voltage mode loop. As well as
the single loop, the double loop setup must be built sequentially. The program will guide you to built 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.

O Pzt
- - r ' ™ IThe predefined DC/DC plants are the
- st ollowing:
| - Buck (LCD-VMC)
— — put . fusses, - Buck-Boost (LCS-VMC)
| e - Boost (LCS-VMC)
e B . Boost (DCS-VMC)
e - Flyback (DCS-VMC)
— = — . Forward (LCS-VMC)
| ][] gmcu |

Next, the inner control loop will be configured. This is, the current sensor and the regulator type must
be selected.
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Finally, the inner loop regulator is selected.
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DCMDC converter, double loop data input ®
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Once all the inner loop transfer functions have been defined, The cut off 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.

DCADC convarter, double keop data input &3
Pt Bk [LES_VHE] - Frequency rangsiiz]
— - - | T [ Cross frequency and Phase margin input 4]
'mr ! L Phasa maign vi Cioss rsguancy
€ 5 00| ITs haghly recammended o cick on the
| T Sl map inner loop) unthadoned [white] segion ol selscting
mwwu‘:[\."mu ey
o v
Tk came.sise o allerusstion [EJsPRlsE
4 F1uv) aref Phase maign ot beoens.
Ineie loc seraot Ouser koo semor wher, thes backgounds e red parked
Cutert serss = - Crossbeq  Phasemag )
I fwa] | ! - | 5
. 2 Cioss beguency  Phace nagn
— e
TN 3 [
100} | ]
Inner kocg: segpbahod Duter kocg: regubaher = \ Kl il ot Fow
e =l [ =l b L2458  upaws |
p|FrMmnen | .
[=1]
| pye
o H Crossbea  Phasemany
mm:ﬁ : i [ £ [ g .‘MI ] 100 1K 10k Imrﬂ....r.lhl M 'ULI
— - i Caneal
i Tie it ey ] J
S | 2| [E] e |

Once the cut off frequency and the phase margin have been selected, the solution map will be
shown on the right of the side of the DC/DC double loop 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)
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Now, the outer loop can be defined. First, the voltage sensor must be selected.
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As well as in the case of the inner loop, the cut off 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.

The different sensors available are the

following:

Voltage Divider

Regulator Embedded Voltage

Divider

ElRegulator types:

Type 3
Type 3 Unattenuated

Type 2

Type 2 unattenuated
Pl

Pl unattenuated

Single Pole
Single Pole unattenuated
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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.
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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 double loop 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)
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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)
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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. 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.

Lets 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 placed right below the converter image. Depending
on the topology considered in each case, some of them will be input data and some others will be
output data.

Buck (voltage mode controlled) X
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Set defaultz Update read only boxes Help Cancel ] oK I

The DC/DC available plants are the following:
Buck
Boost
Buck-Boost
Flyback
Forward
Text File
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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. Both possibilities have been included in SmartCrl.
The schematics are shown below:

F G Xf% Crﬁm 0

Voltage Mode Controlled Buck L-Current Sensed Buck

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

2 RL
f: L +Vo
R

" 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
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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

Duty Cycle ton/T of the active switch

IL avg Inductance average current (A)

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

Vo Output voltage (V)

Other parameters of the converter

Input Voltage (V)

Equivalent Series Resistor of the Inductance (Ohms)
Inductance (H)

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

Load Resistor (Ohms)

Output Power (W)

Switching frequency (Hz)
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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
respective schematics are the following:

AL B
L o
e Rc R
Vin

| e

Voltage Mode Controlled Boost Converter

L2

L-current sensed Boost Converter

RL

A —[)I—&) + Vo

R

Uin[ | C T

Diode Current Sensed Boost Converter

In the case of a double loop control scheme, the output voltage and a current must be sensed
simultaneously. The available plants for double loop designs are included below:

%; 6%L]l__ .
T
—

Boost (LCS-VMC)

T ™

Uin[ | T c ]_

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.

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 Boost
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Input Data Window of a Current Mode Controlled 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

Duty Cycle ton/T Of the active switch

IL avg Inductance average current (A)

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

Vo Output voltage (V)
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Vo

Output voltage (V)

Other parameters of the converter

Vin
Ru
L

Rc

Input Voltage (V)

Equivalent Series Resistor of the Inductance (Ohms)
Inductance (H)

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

Load Resistor (Ohms)

Output Power (W)

Switching frequency (Hz)
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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:

”

LIS Y I
[ B e7 ]

Voltage Mode Controlled Buck-Boost

Converter
in Vo
J_ e K] 1+
) [f]m: R
Vin L ok
q
L-current sensed Buck-Boost Converter
T—HC +Vo
[ e

Uin[ L c T

Diode Current Sensed Buck-Boost Converter

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

J_ ’?‘ - H lj I + Vo
] Rc R
UII‘W L C

S| ,

|_l

Buck-Boost (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
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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:

Buck-Boost (voltage mode controlled) E|
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Input Data Window of a Voltage Mode Controlled Buck-Boost
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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

Duty Cycle ton/T of the active switch

IL avg Inductance average current (A)

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

Vo Output voltage (V)

Other parameters of the converter
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Equivalent Series Resistor of the output capacitor (Ohms)
Output Capacitor (F)

Load Resistor (Ohms)

Output Power (W)

Switching frequency (Hz)

41



F beaCk 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 SmartCrl. The schematics
are shown below:
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I RL + ot Re R AL+ Re R
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Voltage Mode Controlled Flyback Diode Current Sensed Flyback

In the case of a double loop control scheme, the magnitudes sensed are the output voltage and the diode
current.
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J_ RL +oe” Rc R

Vin L s . c
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Flyback (DCS-VMC)

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

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

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

IL avg

IL max

IL min

lo avg

Vo

It can be Continuous or Discontinuous
ton/T of the active switch
Inductance average current (A)
Maximum value of the inductance switching ripple (A)
Minimum value of the inductance switching ripple (A)
Output average current (A)
Output voltage (V)

Other parameters of the converter

Vin Input Voltage (V)

R Equivalent Series Resistor of the Inductance (Ohms)

L Inductance (H)

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

R Load Resistor (Ohms)

Po Output Power (W)

Fsw 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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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 double loop control scheme, the magnitudes sensed are the output voltage and the L current.

:
'l.l'inJ_
X

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 Forward
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Input Data Window of a Current Mode Controlled Forward

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

Steady-state dc operating point

Conduction Mode It can be Continuous or Discontinuous

Duty Cycle ton/T of the active switch

IL avg Inductance average current (A)

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

Vo Output voltage (V)

Other parameters of the converter

Vin Input Voltage (V)

R Equivalent Series Resistor of the Inductance (Ohms)

L Inductance (H)

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

R Load Resistor (Ohms)

Po Output Power (W)

Fsw 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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PFC Boost converter Previous Top Next

The PFC Boost converter is controlled by means of a feedforward and a double loop control scheme.
The inner control loop is a current loop, and the outer loop controls the output voltage.

The PFC Boost converter setup must be built sequentially. The program will guide you to built it,
enabling the following step and keeping everything else disabled.

The first step to define the system is the selection of the plant.
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Next, the inner loop setup is going to be completed. First of all the current sensor must be selected
among the available ones.

| The available current sensors are the
I pum s following:

e e Current Sensor

| Hall Effect Sensor

T datply Hib I
| =] e |

Finally, the inner loop regulator is selected.
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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, 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.
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Once the cut off frequency and the phase margin have been selected, the solution map will be shown
on the right of the 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 shown solutlon map. (See next figure)
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ACMC PFC Boost convartar
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Now, the outer loop can be defined. First, the voltage sensor must be selected.

ACIDC PFC Boost converter
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The different sensors available are the

et 3 ] =] osomr following:
Voltage Divider
g e Regulator Embedded Voltage
q quct T _ Divider
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< X
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Next, the outer loop regulator must be selected.
(T N ) - oty pes:
e [Boml LESMOFFE w] '_annl:;“lud:ﬁzt Type 3
“@EH‘:' ' U‘:Uu - S Type 3 Unattenuated
- Type 2
L —— Type 2 unattenuated
=T ] :E'“’ Pl
: Pl unattenuated
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(I ‘ - |
q T _ | unattenuated
mod njlj ]"%‘:‘" iy = [] “mmuo
e o]
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As well as in the case of the inner loop, the cut off 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.
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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)
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Voltage divider

Previous Top Next

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

Its transfer function corresponds to the following equation:

Ura '
K = —
(s) 7,

Where:

V\ef is the regulator reference voltage

V, is the DC/DC converter output voltage




Reg. Embedded voltage divider Previous Top Next

The two resistors that form the voltage divider (R11,Rar) are embedded within the regulator. So, no

sensor is represented in the corresponding box. And the voltage divider resistors are highlighted in the
regulator figure:

DCAC converter, single loop data input

e |Buck vcilage mode convcled) B Fiequency rage{Hz|
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Voltage divider

Sl delmds Help b coma |[ o= ]

Given the desired output voltage, the regulator reference voltage and the value of R11, SmartCtrl
calculates the resistor Ry. the transfer function of the voltage divider at OHz is the following:

V,  Re
F-r'sf RET‘+R11
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Cu I'I'ent Sensor Previous Top Next

— His)

The current sensor is represented by a generic transfer function box.
Internally, the transfer function corresponds to a constant gain.

K(s) = Gain




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) ——

0

=]

<

rain &

K(s)= =
B I
Where:

Gain is the sensor gain at OdB. E | I
i i 1
fpK is the pole frequency in Hertz g ! ;

Freq[Hz]
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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 flyback and the flyback DC/DC topologies.

4

Gain
5
t R

K(s) =
1

gain[dB]

Where:

Gain is the sensor gain at 0dB, its given by
the output and the reference voltage.

Gain= Vo/Vref

phase[]

fpK is the pole frequency in Hertz

Freg[Hz]




Type 3 reg u Iator Previous Top Next

Input Data

Gmod Modulator Gain
R11 Its default value is 10kW

Output Data

The regulator components values (C1, C2, C3, R1, R2) are calculated by the program and displayed in
the corresponding text panel
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Type 3 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 regulator. It corresponds to R11 and R;. This regulator configuration eliminates
the attenuation due to the external voltage divider.

Input Data

Gmod Modulator Gain
R11 Its default value is 10k

Output Data

The regulator components values (C1, C2, C3, R1, R2) and the resistor R, are calculated by the program
and displayed in the corresponding text panel




Type 2 reg u Iator Previous Top Next

Gmod | A2 Al
R11
+
A

Input Data

Gmod Modulator Gain
R11 Its default value is 10kW

Output Data

The regulator components values (C2, C3, R2) and the resistor Ry, are calculated by the program and
displayed in the corresponding text panel
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Type 2 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 regulator. It corresponds to R11 and R;. This regulator configuration eliminates
the attenuation due to the external voltage divider.

C3|

c2
Gmod ?4_ | B
A<

Input Data

Gmod Modulator Gain
R11 Its default value is 10k

Output Data

The regulator components values (C1, C2, C3, R1, R2) and the resistor R, are calculated by the program
and displayed in the corresponding text panel




PI reg Ulator Previous Top Next

R11

Input Data

Gmod Modulator Gain
R11 Its default value is 10kW

Output Data

The regulator components values (C2, R2) are calculated by the program and displayed in the
corresponding text panel
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Pl 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 regulator. It corresponds to R11 and Rg;. This regulator configuration eliminates
the attenuation due to the external voltage divider.

po C2

i

R11

=

Input Data

Gmod Modulator Gain
R11 Its default value is 10k

Output Data

The regulator components values (C2, R2) and the resistor R, are calculated by the program and
displayed in the corresponding text panel.




Single Pole regulator Previous Top Next

R11

Input Data

Gmod Modulator Gain
R11 Its default value is 10kW

Output Data

The regulator components values (C3 and R2) is calculated by the program and displayed in the
corresponding text panel
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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 regulator. It corresponds to R11 and Rg;. This regulator configuration eliminates
the attenuation due to the external voltage divider.

Input Data

Gmod Modulator Gain
R11 Its default value is 10k

Output Data

The regulator component value (€3 and R2) and the resistor Ry, are calculated by the program and
displayed in the corresponding text panel




Previous Top Next

Graphic and text panels

The window is divided in six different panels. Four of them are graphic panels and the two other are text
panels.
The graphic panels are:

Bode plot Module (dB)

Bode plot Phase (°)

Polar plot

Transient response plot

The text panels are:

Input Data
Output Data
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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 gain or module plot and the phase plot versus frequency. Frequency is plotted in a log axe.

Module plot (dB) Plots the module of a given transfer function in decibels (dB) versus
frequency. It is represented in the upper left panel of the SmartCtrl
window.

Phase plot (2) 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 plots. 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
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.

Copy to clipboard

Another useful tool included in the Bode plots panel is the copy to clipboard option. Just right click on
any of the Bode plot panels will allow the user to copy the current graphs to the clipboard.

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
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 the open loop transfer function, SmartCtrl will
measure simultaneously on both Bode plots (module and phase) and on the Nyquist
diagram.
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POIar plot Previous Top Next

The Nyquist diagram, together with the Bode plots, is a graphical representation of the frequency
response of a linear system.

For each , 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).

In Smartctrl the designer can determine the system stability at a glance since a unity circle is provided
(in blue).

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.

Measurement tool

In order to ease the determination of the gain and phase of any point within the polar plot, a




measurement tool has been implemented.

If the Ctrl key is press while the mouse arrow is pointing to any point of the open loop transfer function
a polar cursor will be shown, which measures both the gain and the phase. These are given numerically
in the upper left corner of the polar plot panel and in the lower left corner of the polar plot,
respectively. Gain is given both in natural scale and in dB, and phase is given in degrees.
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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.
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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.




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.
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Export

This option allows the user to export the current transient responses to a file which could be either .txt
or .smv format. It is placed within the menu displayed through right click on the transient response
panel.

Copy

Just through right click on the transient response plot panel will allow the user to copy the current
graphs in the clipboard.

Modify Time step and total time

Right click on the transient response panel also displays this option. Although the time step is adjusted
by the program, the designer is able to modify it in order to check the transient response accuracy since
the obtained response is highly dependant of this parameter.
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Right click on the transient response panel also displays this option. Although the time step is
adjusted by the program, the designer isable to modify it in order to check the transient
response accuracy since the obtained response is highly dependant of this parameter.

The total time plotted can be also changed by the designer.

Modify Time step and Total time f‘5__<|

Time step [ms] Total time Time step Total time [ms]

Dl tiramthniee |3.s?2?ae-nns j |1482
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Previous Top Next

Text panels

There upper right and lower right panels are the input data panel and output data panels respectively.
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The input data panel summarizes the input parameters of the system such as the plant parameters, the
steady-state dc operating point, the regulator parameters, etc...

The output data panel shows the regulator resistors and capacitors values as well as the frequencies of
poles and zeros and the most important open loop characteristics. This is, the phase margin, gain margin
and attenuation at the switching frequency.
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SOIUtionS map Previous Top Next

The appropriate selection of f..oss and PM is one of the key issues for loop 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 plant, sensor and
type of regulator, the solutions map provides a “safe operating area” of the different combinations of

feross and PM that lead to stable systems. The two parameters involved are represented as PM vs
frequency.

Just by clicking within the white area, a set of (f;0ss and PM) that lead to an stable
solution is selected.

The input boxes (white background) are automatically updated

And so is the attenuation achieved at fg, box. It is an output parameter (grey

background) and represents the attenuation achieved by the open loop 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.
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Boundaries

The boundaries, which 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 lower
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,,.




DeSign MethOdS Previous Top Next

The design method box is enabled or disabled by clicking on the 4% 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

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.
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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.




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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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.
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In SmartCtrl 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.

The double zero is placed at é frequency

The double pole is placed at fvK 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
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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:

The zero is placed at %

The pole is placed at /'K

Where the K factor is defined as the square root of the ratio of the pole frequency to the zero
frequency and fis 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.
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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;)
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 f; a factor “a” below feross (

o= % ) and the poles a factor “p” above feross (JSz = F).

Where “a” is set from fgr0ss and phase margin. This parameter allows the designer to select the 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 (fsy) are obtained.

On the contrary, if “0” is set higher than K (from the K-factor method), the control loop has less
gain at low frequency but more attenuation at fs. It should be remarked that the phase margin
is the same in all cases.

When “a” is equal to K, both methods are equivalent.

Therefore, the Kplus method can be used to improve the overall performance of the control loop in
those cases where a slightly larger high frequency ripple could be admitted at the input of the PWM
modulator.

In the same way as the K method, when the Kplus tag is selected, the user can easily change the input
parameters, phase margin and cross-over frequency And also an additional parameter, Kplus, which
corresponds to the aforementioned “a” factor.

Method
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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.
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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.

In the case of a Type 3 regulator, the designer can adjust the

K l Kplus  Manual l frequency values of:
The two zeroes,
f21(Hz) 441176
2linz The two poles
441176
fz2[Hz=] And the low frequency pole
ol (Hz] 82.7134 []In the case of a Type 2 regulator, the available frequencies are:
The zero
fp2[Hz] 827134
The pole
fiHz] 121.623
And the low frequency pole




PI tu n | ng Previous Top Next

The PI tuning method input parameters are the same as in the K-factor method:
Phase margin
Cross-over frequency

From these two input parameters, SmartCtrl calculates the both the proportional (Kp) and integral (Kint)
gains and shows them in the corresponding output boxes.

Pl tuning l

feiHz] RFFTAK

|
-
PhMI) 52
_J—
Kp
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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.
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Single Pole tuning

The | 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.

Single pole tuning l

fiz[Hz]

1

|
Phi[*] 43
_J—

The solutions map of an integrator is a single line that represents the addition of 902 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.




Parametric Sweep Previous Top Next

The parametric sweep can be accessed either through the Data Menu or the View Toolbar icons. The
SmartCtrl program distinguish among two different parametric sweeps:

Input Parameters Parametric Sweep E I

It allows the variation of all the input parameters of the system. These are:

General Data
Plant

Sensor
Regulator

Regulator Components Parametric Sweep E q

It allows to vary the component values of the regulator. This is, the resistor an capacitor values that
conform the regulator.
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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 1. Pblaced within the View toolbar or through the Data Menu > Parametric Sweep > Input
parameters.

The functions available within the input parameters parametric sweep are the following:

Loop to be modified 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 "calculate regulator” 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

Loop to be shown 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
parameters. The designer is asked to provide a range of variation. The
available parameters are:

Cross Frequency (Hz)

Phase Margin (2)

Lioop by be modfed Loop ha e shosn
g kool = |5ng¢bnp -]
b Caloudsle regulaton
—
Gerersl dotn | Plank | Sansor| Flagulsior |
W Miriram Tolmscmism
F Crossfmc(Hz) | 20119 [ 160043 [ e=ma
T FRHI [ |
-
fock | Heb | Cacel
Tag "Plant” The parameters available for variation are related to the plant input

parameters. The user must introduce a minimum and a maximum value for




the variable selected, in order to provide its range of variation. Only one
parameter can be varied at a time

Paramefric swaep

Loop bo be rodiied Lpop b e shon
[Erge oo | [Srweton =
B Caloulsle regulsbo
—

Gierecsldata Plank | Sencor | Flegubstor |
| Buck [volage mode conroled)

Wl Hiririm Hsadrmum

el | TG00 | |
™ ALOhes)
L)
™ Refhs]
~ OFl
I Wafv] | | |
r e (]
P I I
T | k|

Aok Help Coreel | or |

Tag "Sensor" Two different sensor are available for variation. The voltage divider and the

Hall effect sensor. The parameter to be varied in the voltage divider is its
voltage gain (Vei/Vo). In the case of the Hall effect sensor there are to
available parameters: its gain at OHz and the pole frequency.

Parametric sweep E| Parametric sweep E|
Liosop by e rrecadifiesd Lo by e slean Liosop by e rrecadifiesd Lo by e slean
Erge cu =] [Srge ks =] Eroe vad =] [rgeros =]
o Caloudste gyt o Caloudste gyt
= =
Gierevsl deta | Plank S2nzor | Flegubstor | Gierevsl deta | Plank S2nzor | Flegubstor |
‘Wl age divede Hall effect seraom
Walus  Himimom  Hadmom Walus  Himimom  Hadmom
VAo [T o [T Gk | 1 | [T} | 15
Cokpd | | |
— —
Aaopy Helo Carosl ak. I Aaopy Helo Carosl ak. I

Tag "Regulator" The parameters available correspond to the modulator gain and the Resistor

R11.
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Parametric sweep

[z| Parametric sweep rz\

Loop ta be modified Loop to be shawn Loop to be modified Loop to be shown
a0 j |Sing|e loap j fi a ﬂ ‘Single loap ﬂ
[v Calculate regulator ¥ Calculate regulatar
r~ r
General data | Plant  Sensor 1 Fegulator General data | Plant  Sensor ] Hegulalor]
Yoltage divider Hall effect sensor
alue Minimum I aimum Walue Minimum I amirum
& il noz 0.01 0.03 & Gaink | | 05 | 1.5
© fpk(Hz) [ [ [
(-] (-

Apply Help Cancel ‘ ok | Apply Help Cancel | QK |

Tag "Regulator”

The parameters available correspond to the modulator gain and

the Resistor R11.

Parametric sweep

Loop to be modified Loop to be shawn
5 | ﬂ |Single loop ﬂ
v Calculate regulator
-
General data] F‘Ianl} Sensor  Regulator ]

Type 3

Yalug MiniirnLirm M axirum
" Gmod [ 1 05 | 1.5
ol Y | | |

=

Apply Help Cancel | QK
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Regulator Components Parametric Sweep Previous Top

To access the regulator components parametric sweep the user can either click on the button E o

placed within the view toolbar or through the Data Menu > Parametric Sweep > Regulator
components.

The regulator components parametric sweep is oriented to the variation of the resistors an capacitors
values that conform the regulator. The parametric sweep is available for Type 3 and Type2 regulators.

Regulator parametric sweep

Hozsimum
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