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Tutorial 1

MATLAB block with addition and multiplication operations
1. After creating a new case in PSCAD, right click and select “Project Settings...” and adjust the
“Duration of run (sec)” to be 0.005.

.
Project Settings - tutonal_matlab_test @

General Runtime lSimuIatiDn] D'_mamics] Mapping] Fortmn] Link ]

Time Settings

Duration of run (sec) 0.005
Solution time step (uS) R0.0
Channel plot step {us) 250.0

2. Select the “Link” tab. Check the box “Link this simulation with the currently installed Matlab
libraries”. (This must be done for every new case that will contain a custom MATLAB
component)

i T
Project Settings - tutonal_matlab_test I&

Geneml] Rurtime ] Simulatiu::n] Chmamics ] Mapping] Fortran  Link l

Additional Library (lib) and Object (.obij) files

| Browse...

Matlab

[v Link this simulation with the cumently installed Matlab libraries.

3. A new MATLAB m-file will be created to be integrated into a PSCAD schematic drawing.
A simple example is shown below; the program has 2 input and 2 output variables. All of the
inputs and outputs are floating point variables.

function [outl, cutZ] = =dd mult (inl, inZ)
% Simple MATLAER script to add and mulciply
¥ together intefaced with P3ICAD

% Add operation
- outl = inl + inZ;

L Multiply operation

W -1 M s L

- outz = inl * in2;

4. Note the location of the m-file because the path will be required in the PSCAD component.
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5. The PSCAD module will be a custom component that is built by the user. Create a new
component with two inputs and two outputs.
a. Go to view and check in the component wizard
b. Name it “Math” and in Line 1 put “MATLAB” and in Line 2 “Component”
c. There will be 2 connections on the Left and 2 on the Right

Component Wizard n

-~

Component  Transmission Line  Cable

Mame: i Module
|math

Title:
|maTLAB

ICDmpDnent

Enter the number of ports to add to each side when Add Ports is
clicked.

LEﬂiID_ Tn:rp:l‘:"_ Right:lﬂ_ Eh:rttu:rm:l‘:"_

~ Left-Side Ports
Port Name Dim Port Type Mode/Data Type

Iinl |1 Ilnput ;I IReaI ;I
Iin2 |1 Ilnput ;I IReal ;I

— Right-Side Ports
Port Name Dim Port Type ModefData Type

Iu:rutl |1 IDutput ;I IReal ;I
Iu:rutz |1 IDutput ;I IReaI ;I H

d. The connections will look like the following as they are brought up in the wizard, set the
“Display Label” to be the same as the “Connection Name”.

Connection Name Display Label Connection Type Data Type
inl inl Input Data Real
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in2 in2 Input Data Real
outl outl Output Data Real
out2 out2 Output Data Real

e. Once the wizard is finished, place the block on the circuit page

6. Right click on the component and select “Edit Definition”. On the tab menu below the circuit

space, select the “Parameters” tab.

E==

7. Create a new category by selecting the button (/=2 in the top menu by the dropdown box.
Leave the name as the default and press “OK”

8. Right click in the grey area and select “New Parameter > Text Field”, place the box near the top

of the grey area. Alternatively, click on the

9. Double click the box that was placed and enter the “Symbo

&
|a

“Description” as Name of the m-file.

IM

b1 button on the menu.

value as Name and the

10. Insert another “Text Field” and enter the “Symbol” value as Path and the “Description” as
Location of MATLAB m-file.

-

Configuration
2 4l 3

4 General
Mame of the m-file
Location of MATLAB m-file

ol [tutorial_matlab_test:Math] id="2103969357 It

-

(Note: The input area for each box may be adjusted by double-clicking on a parameter box and

changing the “Width” value, the picture above uses 15 and 30. The same can be done with the

entirety of the grey area by clicking the =

button in the menu)

11. Go to the “Graphic” tab and double check to make sure you have two nodes on the left, one

being in1 and the other in2 and on the right there should be out1 and out2. If not, fix this

before continuing. If all the nodes are present and correct, select the “Script” tab.
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inl . Qqutt,
M patiag QUthe

. | Component |
ing PP gut,

12. The Fortran code to be placed in the “Script” tab will look as follows:

1 §STORAGE REAL:4

2 e
Bl e e
4 1 TInput

5 STORF(NETORF) = $inl

[ STORF (HMETORF+1l) = $inZ

7

2 ! Call MATLAE Commarnd

=) ICELL MLAE INT("§Path", "§fWName",6 "R R", "R R")}
10 !

11 ! Outputs from MATLAE

1z soutl = STORF (HSTORF+2)

13 soutZ = STORF (HETORF+3)

14 1

15 | Increment 23TOR* Pointers

16 INSTDRF = METORF + 4

17 ! —— e e
18 | ——mmm e e

13. Let’s look at each line of code...
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#STORAGE REAL: 4

The #STORAGE directive designates to the program locations to store values. In this case,
storage is necessary for two inputs being sent to MATLAB and two outputs being received from
MATLAB. That brings the total storage to four. All of these values are real.

(NSTORF) = $inl
(NSTORF+1) = $in2

The command STORF stores the value of the variable in1 into the location given by the pointer
NSTORF. The “S” is a substitution symbol. The same action occurs in the second line but a value
of one must be added to NSTORF to give the variable in2 a different location to be saved. If the
plus one is omitted, the value of in2 will overwrite the value of in1 in the location designated by
NSTORF, therefore losing the value of in1 in memory.

CALL MLAB INT ("$Path", "S$Name", "R R", "R R")

In order to initialize MATLAB, the command above is used. The Path line corresponds to the
text input of the component when selected and tells the command where to find the m-file on
the user’s hard drive. The Name line is also a component text input and is the name of the m-
file. Again, these two variables, Path and Name, may be changed to any name and can be done
in the “Parameters” tab in their corresponding text input controls. The last portion of the line, ...
“RR”, “R R”), tells the command there are two real inputs and two real outputs. This is the
reason for using “R”. If any were integers, an “I” would be placed instead of an “R".

Soutl
Sout?2

STORF (NSTORF+2)
STORF (NSTORF+3)

These two lines take the output from the MATLAB script and set them as outputs to the
component block so they may be used by PSCAD. The names outl and out2 were given to the
output nodes at the beginning of the tutorial and can be named anything as long as it is changed
in the script as well as in the “Graphic” tab so they match. The outputs are stored after the
inputs in memory and that is why a +2 and +3 are necessary to attain them.

NSTORF = NSTORF + 4

Lastly, the NSTORF pointer must be incremented in order to tell PSCAD that these locations in
memory are already occupied by different values.

14. Double-click on the MATLAB Component and enter the parameters in their respective boxes.
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-

ol [tutorial_matlab_addmult_X4:Math] id="1586073364" o

~
Bz A a
o= 2l 5 3
4 General
Name of m-file

Locatoin of m-file

add_mult
Ci\Jsers\Mayak Power\Desk

General

Ok | Cancel |

Help... |

15. Final results and circuit should resemble the picture below,

hain ; Controls

40 L VPR Yo G >|1L“—’
. Compaonent
in qut2 -~
8.0 «JJ‘“—

| File Reference

Component
Ot OutpLt2 %

NS 7T N

u]

salo &0 acdd_mutt.m

12

32

Tutorial 2

Using arrays with the MATLAB component

1. Take the existing case and save as with a new name (ex: tutorial_matlab_array.pscx). The final
circuit will look like the one depicted below,
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C_10 (i o—

2.0
DA R —
1 array's.m
in qut1
MATLAB

1 Cutputt Cutpyt? 2

] Component

in qutz
2

Qutput2_1 Cutput2_3

2. Select the MATLAB Component block and select the “Graphic” tab
a. Change the dimension of each input inl and in2 to 0. This will tell PSCAD that the

dimension will be inherited based on the size of “R1” and therefore will not have to be
constantly changed in the “Graphic” tab depending on how many inputs are desired.
The outputs however must have an actual dimension value. In this case, the array
output must be set to a value of 3. (Note: Another way to do this is to create a text input
in the “Parameters” tab and use this variable as the dimension for the input on the
“Graphic” tab.)

4 untitled Integer
Description Top Output Dimension
Symbol dim1
Group label
Location of MATLABE m-file Minimum value 0
Name of the m-file Maximum value
Top Output Dimension 1 Data type Literal
Intent Input
Prompt text
Help mode Append

Conditional expression
Default value 1

© Copyrights 2010 Nayak Corporation Inc. Page 9 of 20



Port Connection ﬁ

Symbol outz Dimengion | dim
Connection Type Node Type Data Type
(" Input Data ) (" Logical
{* Qutput Data (" {* Integer
" Electrical (" " Real
{ ™

I [

3. Select the “Script” tab in the “Edit Definition...” option of the component
a. The script following is desired to handle the input/output arrays from the circuit that
was created on Step 1,

1 gSTORAGE REAL:S2
Z LOCAL INTEGER I_CNT, 0O_CHT
32 l--—— - ==
4 I e
E 1 Input arrays inl and inf
& 0 I CHT = 1,##DIM{inl),1
7 STORF(N2TORF+I CHNT-1) = #£inl (I CHNT)
2 ENDIO
=)
10 PerorrinsTORF+3) = $inz
11 !
17 1Call MATLAE Command
13 ICALL MLAE INT("$#Path", "#Name", "R{3) R", "E R{3)")
14 !
15 ! Outputs from MATLAE
16 Jiounl = STORF(NSTORF+4)
17 !
1s 0 0 CHT = 1,%dim,1
13 foutz(0_CHNT) = STORF(NSTORF+i0_CHNT-11+45)
Z0 ENDIO
£1 !
Z2E 1 Imcrement 3TORF* Pointers
z3 INSTDRF = METORF + 8
Zd e e e e
£ l———m

4, Let’s take a look at the new code additions...

#STORAGE REAL:8
#LOCAL INTEGER I CNT, O CNT

The #STORAGE directive is altered to match that of each cell for the two, three cell input arrays
and the two, single cell outputs (3+1+1+3=8). The #LOCAL directive is used to initialize local
variables and the |_CNT and O_CNT is used as a counter in the DO loop and going through each
cell of the different arrays.
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DO I CNT = 1,S$#DIM(inl),1
STORF (NSTORF+I CNT-1) =
ENDDO

$inl (I CNT)

The DO loop starts at one and counts sequentially to the value determined by the statement
S#DIM(in1). Simply stated, this command finds the dimension of the variable in parenthesis and
eliminates the need to change the dimension of the input if it is desired to be altered to a
different size at a later time. The loop itself is simply taking each cell of the array in variable in1
and placing it into storage/memory.

CALL MLAB INT("S$Path", "SName", "R(3) R", "R R(3)")

The command to call the MATLAB environment is very similar to the one used prior but the
inputs must have the addition of the dimensions for each corresponding variable.

5. Any MATLAB script can be used. The code below was used to verify the component is
functioning properly between PSCAD and MATLAB before performing any complex operations
with arrays,

1 function [outl, outZ] = arraysiinl, ind)

3 - outl
q = outz

inl(l) + inli2) + inl(3);
in2%inl:;

6. The output should be the following result...

Dutp
output . Outpiitz_2 .
Dutp

hain ... = hain ; Controls -

Ottt Ctput2 1 Cutput2 2 Cutput?2 3

\ EY N\ \ N | A j‘x

u] 20 u] 20(0 20(0 20
5] 4 g 12
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Tutorial 3

Implementing an Enable Switch for the MATLAB component

1. It may be desired

to not have the MATLAB script run every time step so having some sort of

enable/disable pulse or threshold parameter will speed up the overall simulation. Start by

creating the graphic shown below in a new PSCAD case with the “Enabl” node set as an integer

data type.
. Y
Port Connection @
Symbol Enabil Dimension | 1
Connection Type Node Type Data Type
{* Input Data (* " Logical
MA LAB {— Qutput Data = (* Integer
in1 out1 ™ Electrical e  Real
1 Comp - - -
-
Conditional Statement:
£Mabl
true ﬂ '
i
OK Cancel Help
L A

2. The FORTRAN necessary for the enable/disable functionality is implemented in a simple way

with an IF statement surrounding the entirety of the code contained in the MATLAB Component

block. An example is provided below,

00 =1 @ oo L

3. Add the “Impulse
parameters listed

#ETOPLCE REAL:E

IF statement Lo determine whether t£o run the script
base on the walus of the Enabl impulse
fir isEmavi.GT.0.9) THEW

Paz=s inputs and outputs to and from MATLAR m-file
STORFIMSTORF) = #inl
CALL MLAE TINT("fPath", "$Name"_,  "L"_ "R")
soutl = STORF (MSTORF+1)

IEI-:IDIF

Increment the NSTOR* pointer
fpzTorr = meToRF + 2

Generator” component from the CSMF category in the master library with the
below. The circuit drawing should look similar to that of the picture shown
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below as well. The 2000 Hz frequency is used based on a 250 us Channel plot step. That is
(1/250%10°)/2. The MATLAB component will output a result every other time.

i N
o= Impulse Generator Iél
|Cu:unﬁguratiu:un j
E=: A '3
B 21 & 3
4! ;
Frequency of Impulse train 2 [He]
Time of first impulse 0 [s]
Height of impulse 1
Height in Impulses
Interpolation Compatibility Disabled
General
|
Ok ] [ Cancel ] [ Help...
L &

The final circuit is shown below,

MATLAB

Input Dutput -
TIME d Component i

(o] éulse -
B TIME

M’ T ON_Pulse

4. To make the analysis very simple and straight forward, create a MATLAB script that simply takes

the input and forwards it to the output as depicted below,

function out = enable test(in)

L I S I

- out = in;

Zooming in on the graph created from the two time values, the results should appear as
displayed below. It can be seen that when compared to the constant time output of the “Time”
component block, the MATLAB does not have an output at every channel plot step. In this case,
the channel plot is left at the default of 250 ps. At the crosshair there is no new plot point from
MATLAB. It does changes values on the second channel plot of 500 us though. Run for 0.01 sec.
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Main : Graphs -
m Time = Delayved Time

0.0030
0.0030 S
0.0070 S
0.0050
0.0030 S
0.0040 S
0.0030
0.0020 S
0.0010 S
0.0000 -

00000 00010 00020 00030 00040 00050 00060 00070 000S0 00090 00100

i L

Main : Graphs -

= Time = Delayed Time
0amy———

0.4m+

0.35m+

= //
0.00025 , 0.00025
0.2m+

0.1m+

a0 t

=
=
=
3
=
kad 4+
3
=
()
Ei
=
=
Ei
=
o
=]

6. By adjusting the frequency of the impulse, the MATLAB component can be set to run every few
times rather than at every time step. By setting the “Pulse Generator” to not start until 0.05
seconds and altering the pulse to 4000 Hz, it can be visually seen how running the MATLAB block
affects the total simulation time when it starts halfway through. Change the “Scale Factor” in
the “Output Channel” component coming from the output of the MATLAB block to 1.1 so that
the two plot lines do not appear one of top of the other. Run for 0.1 sec.
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MATLAB

Input Catput -
TIME Component e

2 éulae

‘]M’ ON_BLHSE

TIME

hain : Graphs -
= Timne = Delgyed Time

0100
0.050
0060
0.040 +

0.020

0.000

OO0 0010 0020 0030 0040 0050 O0B0 0070 0080 0090 0400

i k

As an added note on simulation time, running a case that simply outputs the same input of a
MATLAB component for a 1 second simulation time, 50 s time step, and 250 us channel plot step
takes about 129 seconds to run from start to finish.
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Tutorial 4

MATLAB Simulink Component
1. Create a module with a single input and single output, both with data type “Real”. The
dimension of the input will be two. The input will be tied to a time block. The reason for placing
the time value in both cells of the array is that Simulink only accepts a minimum of a two-
dimensional array and the first cell is not easily accessible. Therefore, for all intents and
purposes, the first cell of any input array may be set to any value since it will be acting as a
“dummy input” to satisfy the two-dimension requirement.

TIME

Simulink
Component

The “Parameters” for the Simulink Component will be the same as the MATLAB component,

4 General

Mame of the m-file

Location of m-file

4 General

4 Mame of the m-file Text
Description Mame of the m-file
Symbal Mame
Default value
Group label
Prompt text
Help mode Append
Regularexpression
Error text
Conditional expression

4 Location of m-file Text
Description Location of m-file
Symbal Path
Default value
Group label
Prompt text
Help mode Append
Regularexpression
Error text
Conditional expression
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2. The FORTRAN script is as follows,

1 #2TORAGE REAL:3
z 1
3 | Btore the input array ih Lewory
4 STORF (METORF) = f$inf{l)
E STORF (METORF+1l) = #in{Z)
(=3
7! Initiate Simulink
a IEALL SIMOLINE _INT("#Path", "§Name", "R{Z}")
2l
10 ! Grab the outputs of the Simulink model from memory
11 Jiouc = sTORF (NSTORF+zZ)
12 |
12 | Update the NEZTORF pointer
14 INSTIIIRF = HETORF + 3
CALL SIMULINK INT("$Path", "$Name", "R(2)")

The only notable syntax difference for the Simulink command is the lack of having to provide a
specific output parameter. In this example, there is only a single output but many more may be
added by altering the STORAGE and NSTORF values appropriately to match the change (i.e. if
sixteen outputs are wanted, the #STORAGE and NSTORF pointer will need to have values of 18
and “+ 18”, respectively). There, of course, will need to be sixteen corresponding outputs in the
Simulink model being utilized.

3. The Simulink model in MATLAB will be an in, sine, and out block.

o—») D

In1 Outl
Sine Wave

Function

The parameters for the “Sine Wave Function” are,

Parameters

Sine kype: | Time based |
Time (£):  Use external signal |
Amplitude:

1
Bias:

0

Frequency (rad/sec):
250%2%*pi

Phase {rad):

0

I (9] 4 H Cancel ][ Help Apply
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4. Set the simulation run time to match that of the value selected for the “Solution time step” in
PSCAD. For this example, set both times to 250 us so that a longer simulation time may be used
to see the results clearly. Set the simulation duration to between 0.02 and 0.05 second.

5. The output should be similar to the results shown in the following plot. Note the frequency
value in the lower right corner of the graph window.

Main : Graphs -

¥ -0.000
C-0.000
A -0.000
him -1.000
Mz 1.000

n.@qu 0.0050 00060 0.0070 |:|_|:||:| > 0.0040
© 0.0080

3 f 230.00...
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Troubleshooting
e [f an error appears like the following, where “matlab_enabl_time.exe” will be replaced with the
file name of your current PSCAD file, check to be sure the MATLAB function name in the
component block matches with that of the actual m-file. A misspelling will result in PSCAD not
being able to find the corresponding MATLAB m-file.

i )
matlab_enabl_time.exe

matlab_enabl_time.exe has encountered a problem and
needs to close. We are zorry for the inconvenience.

[f wou were in the middle of zomething, the information vou were warking on
might be lozt.

Pleaze tell Microzoft about thiz problem.

“We have created an error report that you can send to uz, 'We will treat
thiz repart a3 confidential and anonyrmousz.

To zee what data this error report containg, click here.

Debug Send Error Repart | Dan't Send |

e The errors below will appear one and then the other if your file path pointing to the m-file is

incorrect.

"pscap [t

l EMTDC has runtime error amd terminated!

& ]

I EMTDC _Mediator

]
EMTDC not responding! oK

Less
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e These errors will appear in the “Build” dialog at the bottom of PSCAD under the circuit window
and indicate that the MATLAB libraries have not been linked to. To fix this, go to “Project
Settings > Link” and check the box “Link this simulation with the currently installed Matlab
libraries”.

(- A tutorial_matiak_enakle "

Al Generating FORTRAN and Data files

A Creating map file

A Creating make file

- A4 Time Summary
-4 Cresting EMTDC execitable
A& Microsoft (R) Program Maintenance Liility “ersion 9.00.30729.01
Ab Copyright (C) Microsoft Corporation. Al rights reserved.

[=)- A Linking tutarial_matish_enable exe
— A et lik(miakb_Int.obi) : error LMK2019: unresolved external symbol _MACALLOCES referenced in function _SETWSYARIABLES
— A ermtc lib(miab_Int.obi) : error LMK2019: unresolved external symbol _MXCOPYRELLSTORTREN 2 referenced in function _SETWSYARIABLES
— A emtdc ibmiab_int.okbi) ; error LMK2019; unresolved external symbol _ENGPUTFULLE2E referenced in function _SETWSYARIABLES
— A et li(miak_int.obi) : ervor LMK2019: unresolved external symbol _WMAFREEEE referenced in function _SETWSYARISBLES
— A emtdc ibimiab_Int.obi) ; error LMK2019: unresolved external symbol _ENGEYALSTRINGE 2 referenced in function _SETMLABCMD
— A emtdc ibmiab_int.okbi) ; error LMK2019: unresolved external symbol _ENGOUTPUTBUFFERE 2 referenced in function _SETMLABCMD
— A ermtc libimisb_int.obi) : errar LMK2019: unresalved external symbol _ENGOPEMN@S referenced in function _SETMLABCKHD
A et libmlab_int.obi) : errar LMK2019: unresolved external symbol _ENGGETFULLE2E referenced in function _GETONBEWSWAR
— A et lib(miakb_Int.obi) : ervor LMK2019: unresolved external symbol _MACOPYPTRTOREALSE 2 referenced in function _GETONBWSY AR
A tutarisl_matisb_enable exe : fatal error LNK1120; 9 unresolved externals
— A MMAKE : fatal error LMO7F: "cprogram filesimicrosoft visual studio 9.0vwcbiniink exe™ | return code '0:480°

4 Stop.

e The error “Generating FORTRAN and Data files” refers to something in the MATLAB component
that is incorrect. A search throughout the component, code, variables, etc. will fix the error. If
multilple custom blocks are present in the PSCAD case, the Fortran error may be presentin a
different module. (Note: In the error listed, the variable out does not exist in the component
and the error was caused by a simple typographical error. It should be fixed to read out1.)

é-,{ tutorial_matlakh_enskle "
é-,{ Generating FORTRARN and Data files
EFAEDE
|é|- A [tutorisl_tnatlab_ensble Enable] 'enatble_test!
L,{ Parzer: Unresalved substitution of key 'out!
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