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Python Scripting
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Python Scripting

* Python Scripting APl has been
developed and beta release in RSCAD
FX 2.2

e Official Lease RSCAD FX 2.4 (October)

* Allows Users to Automate Tasks
* Running Simulations
» Gathering Results
* Modifying Simulation Cases
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Python Scripting

\ V%
» Ability to Leverage Python Packages 0
* Matplotlib
e nUMpy
* SCIpY

* PyTorch etc.
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Simplex_Optimization v2.py X | #t_spectrum_V3.py X

1 import numpy as np

u u 2 import time
n n 3 import rtds.rscadfx
r I I 4 from scipy.optimize import minimize
5 e -
6 def objectiveFunction(param):
7 global x1 , x2, out
]
9 #get handles for the two slider values that represent the variables to be optimized.
1@ xlopt = case.get_object_by name("x1_slider","slider")
11 x20pt = case.get_object_by_name("x2_slider","slider")
12

. . . . . 13 #read candidate solution provided by the optimization algorithm
* Runtime Scripting Utility Tab | @ o

5 %2 = param[1].item()

16
. 17 #print out the current candidate solution
» Used to Write, Record and | s Y ey g
] 19
20 #apply candidate solutions to sliders

Run Scripts T

» Can be used for Python and
Legacy Scripts

» External IDE Support

@ RSCAD FX24d Qoo
File Edit WEU Launch Utilities Build Draft Runtime Help

~ OPEN EDITORS
OB [ Reset Perspective B RIO-

@Library Utility Tabs » J@Libral}r ~ EXAMPLES SIMPLEX OPTIMIZTION... [5. B7 © &

e from change

R P .

offline: script run terminated at line 50

File Edit Selection View C mple6_Simplex Optimiztion

B~ 0 Toolbar Configuration L JFuncrtix t minimize
- i ar C o 7 t minimiz
+ & File Manager i i  func o1.py
new X Sir ®, Zoom Level » |+ T Runtime Signals Simplex_Optimization v2.py objectiveFunction(param):
46 = }
47 £ Processor Assignment Chart Cirl«| |/ [[] Messages A T o e @
48 & Compiler Output Files » | W [[[] Compile Messages
49 Map » | / B Rack Status =€ b].ect_bg.f_name
ca x2o0pt = case.get_object_by name
5@ un = prcigTugy - -

+/ [x] Scratch Pad

ax.set_xlim([xmin,
TIMELINE 1 = param[8].item()

plt.subplot(2, 1, |:|'\ Search ¥ @0 o

nl+ mla+ffnmn nac

» OUTLINE

nowowoun
o R
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Python Scripting

@ Global Settings O ¥
* Supports Internal or e —
External Python

Backups and Logs Python Interpreter | Other Options

Interpreter

) ® Use embedded Python Interpreter
Miscellanecus

‘ CARTDS_SW_FX\python\internal interpreteripython.exe

Use external Python Interpreter

Launch command window

Close
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Python Scripting

@~
Fie Edit View Launch Utiliies Build Draft Rurtime Help
OkBPas -2 0B 830 O

e Build Circuits [”

« Automatically
Place
Components on
the Canvas

Runtime

1= Scripting %
HDHOE2 P s w0 iR
BuildCircuitpy %

| | Rack1

2=t P LOT B-E 2y rBl/ 0 @

1@ for i in range (8, 1@):
11 for j in range (8, 1@):
12 | x =256 %73
13 y =128 * (i +1)
14 s51_canvas.insert_component(“rtds_sharc_ctl SLIDER", 64 + X, Y)
15 ss1_canvas.insert_component (“rtds_sharc_ctl GAIN", 168 + x, y)
16 ss1_canvas.insert_component(“"wirelabel”, 256 + x, y)
17 ss1_canvas.create wire(l, [
18 (96 + X, ¥)s
19 (128 + x, ¥),
20 D
offline:  script run completed
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Python Scripting

e |[terate Through
Components

 Draft
Components

* Runtime
Components

@ RscAD FX 2.4r

File Edit View Launch Utilities Build Draft Runtime Help
OFER S £ |82 7 O BRHD O] S

Y

~ 23~ @ Rack13

> B =8 | 2

@lerary X | x| Seratch X |Runt\me Signals X |th|IeManager X |

BE=DEE B

new X | lterators.py X

4 # Open a connection to RSCAD FX from the script.

] | wdiv

5 # any code executed within the scope of the following stater

6 # Will be run while connected to RSCAD FX.

7 with rtds.rscadfx.remote_connection() as app:
8
g

Scripting X

| Bl

18 from rtds.component import IOComponent

11

12 mycase = app.open_case("vdiv.rtfx")

13 ssl_draft = mycase.draft.get_subpage("55 #1")
14 for comp in ss1_draft:

15 print(f"{comp.component_type}")

16

17 tabil_runtime = mycase.runtime.get_subpage("vdiv-Tab1")
18 for comp in tabl_runtime:

19 if isinstance(comp, IOComponent):

20 print(f"{comp.value}")

offline: script run completed

Es=2300 K
Ph=0.0dzg

EH BH@

sse  Mainstep Size: 50.0 us

ERsES

-

)

=B 00HE®

RT

- O x
B ey 3@/ @ @
G
Runtime
[AECm=g [[ Freq Dhase |
— 4500 — 3600 B 51 NE
— 3580 — 2180 1+
— 2760 — 720
L1840 — 720
—s20 — 2160 0833333 |
—00 — 3600
KV Hz Deg 0666667 —|
2300 60.0 0.0
= 05 -
BUS
0333333 —|
SO
N
= 05 0166667 |
s I
0
kv (N
0.000000 o
vdiv-Tab1
O
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Python Scripting

@ RsCAD FX 2.4r

» Search for
Components

 Draft
Components

* Runtime

Components
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File Edit View Launch Utilities Build Draft Runtime Help
OB R & & R ol o B =30 3~ A G ®&[146 [+|C{~ |@Rack13 ~ » =L Vp
POLSTCE B~ E @ &
@Lihrar}r x | %) Scratch X |F‘.untimeSignaIs x |thiIe Manager X | Scripting
B (D B - @ |vdiv |J3 ] Runtime
new X |SearchComponent5.py>< |
16 "rtx_names": True,
17 "rtx_signals": True,
18 "rtx_object_types": 'Slider’,
19 1
28
21 # find all of the sliders.
22 sliders = mycase.find_objects(".*", **search_options)
23
24 sliderium = © [ABCmag |[ Freqg ][ Phase |
25 for sl_?der* in slid?r_r,: — 4600 — 700 — 2600
26 sl_}derﬂum-= sliderNum + 1 - — 3680 56.0 — 3160
27 print("slider Mumber " + str(sliderNum))
. " . " — 2760 — 420 — 720
28 print(f"value = {slider.value}")
29 v —184.0 — 280 — -72.0
— —20 §—140 B—-2160
establishing connection to 127.0.0.1:59651
Case cpened. [$4854585544488588584) 100,003 —0.0 —00 — -3600
Slider NHumber 1
Value = 230.0 KV HZ Deg
Slider NHumber Z
Value = 60.0 230.0 60.0 0.0
Slider Number 3
Valus = 0.0
ITI|
E D |=|_| e=s  Mainstep Size: 50.0 us RT D
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Python Scripting

%1 Figure 1 - O *

Stepping Down Source Magnitude using a Script

« Examples

» Using an External Python
PaCkage for PlOttIng _IOO_O.OIDU 0.(}:25 O.OISCI 0.(}:?5 O.lIOO O.1|25 0.1|50 0.1|75 O.ZIDU

Volts (kV)
[=]
1

Volts (kV)
[=]
1

T T T T T T T T T
0.000 0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200

Volts (kV)
(=]
1

T T T T T T T T T
0.000 0.025 0.050 0075 0100 0125 0150 0175 0.200
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Python Scripting

BUS1 0
0.5000 /_ 0.0000
L If_rtds_sharc_sld_SHUNTRES (2]

* Examples

Name Description Value Unit Min Max
e CONFIGURATION
R Shunt Resistance per phase 1 chms 1E-9 I
[ i -
. c . ”—‘@ NV“H AUTO-NAMING SETTINGS | o cction tme = -
* virecC odification o Lo
0k — - NR Include Neutral Connection Paint? No -
Ph=0000000 deg Cut ¢
. Imon Monitor Branch Current in RunTime? M
omponent Farameters '
Edit » DA Monitor Branch Current at Analogue Output Port? M
. . . Rotate R phview  Single Line Diagram or three phase view SLD view
« Components identified
Mirror

by Object ID - S ——

« Any Component
Parameters Can Be
IVlOdIerd #get a handle to the resistive load.

. Rload_component = case.get_object(28)

° PreVIOUS|y Draft #while the case is stopped, change the resistance of the load and then recompile the case.
Va r | a b | es Were Rload component.set parameter("R”, Rload list[i])

Required
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Object ID: 75 {click to copy)




Ar i
RSCAD FX 2.4 O X

File Edit Yiew Launch Utlities Build Draft Runtime Help

ObBPSs s RO OB B30 O A Q@ w0 [HEl- @Rtz = B =€ v [l
= - &

B> 2 kBl im -w

Python Scripting

» Examples I
» Optimization Algorithm

=7 Seripting %

« Simplex Optimization BECEED > L E - L

Simplex_Optimization v2.py X |
38 case.runi}

. 39 t: |
f (x1, xZ) — (X1 - 1) 2 + (xZ -_ 1) 2 + (Sln xl) 2 xz 2 ji‘ excepz:.’;:z)("Er‘ror: Unable to run case.™)
42
43 # initial guess
44 var= ([8,8])
0f (x1,x2)
X2 . 2 5
—— — 46 #optimize th bjective function.
ax 2 (xl 1) +2 (Sln xl) (COS xl ) xz 47 I":E :IF;i;_imije?osn;l;ciijeF::ztilz;,var‘, method = "Nelder-Mead', tol=0.882081)
1 a8
4: #print the number of iterations required to meet desired tolerance.
58 print("The number of iterations is :" + str(res.nfev))
af(xl x ) é;. shing connection Te 127.0.0.1:577686
) 2 - 2 2 Th e completed succeasfully.
j— 2 (xz — 1) —|— 2 (S ln xl) xz Senc to simulation hardware

0x,
x, = 0.77459472

x, = 0.67150265 e

B T L e R A & e S R e =
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auss
1o%3 ] 106
=
218
=
| t | I S . t |
@ Loadflow x
@
System Frequency (Hz) 60.0
Solution Method Fast Decoupled >

* Examples

« Comparing
Analytical and
Simulated Load Al S

#after the system has settled, sample the metered bus voltages and write then to a text file along

#with the analytically calculated values from the loadflow
myFile.write("\n****************************************************************************************************************************")

myFile.Wr\ite("\n****************************************************************************************************************************")
myFile.write("\nTest #" + str(cnt))

myFile.write("\nDynamic Load @ Bus 5: P = " + dynamicLoad5.get_parameter("Pinit") + " Q = " + dynamiclLoad5.get_parameter("Qinit"))
myFile.Wr\ite("\n****************************************************************************************************************************")
myFile.write("\n")

myFile.write('%-20s %-40s %-40s\n' %("Bus Name", "Loadflow Calculated Voltage Mag (pu)","Runtime Measured Voltage Mag (pu)"))

myFile.write("\n")

Zero-Impedance Branch Threshold (p.u.) | 1.0E-6

| Flat Start

Newton-Raphson | Fast Decoupled | Gaussian

Calculate Cancel
5000 M

000 v

myFile.write('%-20s %-4@s %-40s\n' %(machinel.get_parameter("Name"), machinel.get_parameter("Vmagn"), str(meterl.value)))

myFile.write('%-20s %-4@s %-40s\n' %(machine2.get_parameter("Name"), machine2.get_parameter("Vmagn"), str(meter2.value))) o £
myFile.write('%-20s %-4@s %-40s\n' %(machine3.get_parameter("Name"), machine3.get_parameter("Vmagn"), str(meter3.value))) A "
myFile.write('%-20s %-40s %-40s\n' %(busLabeld.get_parameter("BName"), busLabeld.get_parameter("vd"), str(meterd.value)))

myFile.write('%-20s %-4@s %-40s\n' %(busLabel5.get_parameter("BName"), busLabel5.get_parameter("vd"), str(meter5.value)))

myFile.write('%-20s %-40s %-40s\n' %(busLabel6.get_parameter("BName"), busLabel6.get_parameter("vd"), str(meter6.value)))

myFile.write('%-20s %-40s %-40s\n' %(busLabel7.get_parameter("BName"), busLabel7.get_parameter("vd"), str(meter?7.value)))

myFile.write('%-20s %-40s %-40s\n' %(busLabel8.get_parameter("BName"), busLabel8.get_parameter("vd"), str(meter8.value)))

myFile.write('%-20s %-40s %-40s\n' %(busLabel9.get_parameter("BName"), busLabel9.get_parameter("vd"), str(meter9.value)))

myFile.write("\n")

Kok ok ok ok ok ok ok ok ok ok ko kK Kk ok ok ks ok ok ok ok ok ok ok ok ok kR Rk Rk R R R R R R R R K K ko ko ko ko ok ko ok ok ok ok ok ok ok ok ok kR R R R R R K K K Rk R K K K Kk ko ko ko ok ok ko k ok ok kR R Ak &

ke o o ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ko ko ok ok ok ok ok ok ok ok ok ok ko ko ok kR ok ko ko ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok kR R R Rk kK Kk kK K K K

Test #2

Dynamic Load @ Bus 5: P = 156.25 Q = 62.5

e e ko ko ok ko ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ko
Bus Name Loadflow Calculated Voltage Mag (pu) Runtime Measured Voltage Mag (pu)

BUS1x1 1.040000 1.040047325875035

BUs2x1 1.025000 1.0250291614675582
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* Examples
 FFT Example

i
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Frequency Domain
Analysis Tool
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Impedance Based Analysis

Impedance Stability
Extraction Analysis

Analytical Measurement
Based Based
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Measurement Based Scan

« MMC systems contain a significant number of dynamic
elements.

 Introduces wideband frequency interactions with nearby AC and
DC systems, and their associated control systems.

* Analytical methods are complicated and ignore details of the
vendor controls.

* Frequency Scan tool was developed to analyze the frequency
characteristics of the system and assist in the stability analysis.

 Suitable for applications with Hardware in the Loop (HIL),
Software i1n the Loop (SIL) with GTSOQ, or a combination of

=
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Impedance Extraction

Measurement based

©

Mmadga_scan

©

magb_scan

» Injects harmonics to a system in AV

equilibrium A [ [s&
. . . . Zqd Z

« Small signal multi-sine perturbation Lf /qq\f sc

» Measures the harmonic current and voltage  ocoorno
for the subsystem S

: : Frequency Scan

» Computes Discrete Fourier Transform C%mpo%'ent
(DFT)

Stability Analysis

* Import Scan Results

2324 ECROUPE USER'S GROUP MEETING e DELFT, NETHERLANDS
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Bode Plot

Part | y(w{ __H
G(w) )'(w) . f (H2)
X(w) 1
Part Il | _ P
Hw) | eig|G(w)H(w)]
Y@ _ 6w e
x(w) I+ 6G(w)*H(w) z
Closed Loop Open Loop Gain Bode Plot
Representation Eigenvalues (1, 180°)

f“ﬂ%
g
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Example Case

Power System Circuit and Closed Loop Control Block

Diagram

Interactions between MMC System and AC Network

PCC | MMC

R-L
R-L 2ohm — 0.03H
2.4ohm - 0.075H I ~_
N-—==—— SEE
’% SCR I 88OMVA p—— _|L_ 40uF

Av 7.62(84deq)

S =-800 + 0

Ai%

Av

@
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Impedance Scan of MMC System

RTDS USER’S GROUP MEETING

@ Frequency Domain Analysis Tool

P Load Scan Results  Phase Units | Degrees

~| Domain DoD -

Frequency Scan  Synthesized Responses | Results Viewer | Stability Analysis

M MyFrequencyScanfscn

frequency_ MMCscanV3.fscn 1

Magnitude

Phase (Degres)

Magnitude

Phase (Degres)

000 | 180
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800 120
W 120
3 b
oo 2 100
& &0
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= w0
200 5 et
En
04 o
T T T T 1 T 1 T T T T T T T
0 200 400 s00 800 1000 0 200 400 600 200 1000
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100 100 -
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60 = y o4
403
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204 150 3
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T T T T T T T T T T T T
o 200 400 500 00 1000 0 200 00 600 200 1000
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250 800 |
03 600 -]
y
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& 400
100 3 g
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50
od o
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0 200 400 600 200 1000 0 200 400 600 200 1000
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503 u
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2024 EUROPE USER’S GROUP MEETING

DELFT, NETHERLANDS

Technologies
AMETEK



Dynam|c Response From D|fferent SCR

 From simulation, it Is
observed that marginal
stability point is around
SCR 2.2 and the
oscillation frequency Is
around 26-27 Hz

| » Matches to frequency scan
result of marginal stability

Oscillation magnitude rises
and eventually blows up!

vvvvvvvvvvvvvvvvv
: T T T T 1 T L e e e A S
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Hardware Manager
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Hardware Manager

« Combines Config File
Editor & Firmware
Upgrade Utility into a
single utility

» Update or Regenerate
ardware Configuration

* Upgrade Firmware

* Other Features
* License Management
 Terminal

@ Hardware Manager

Hardware | Firmware I Licensing | Di:

agnostics

OraclamB &
Status #
¥ Chassis / Racks

1 @ NovaCor 2.0
@ NovaCor 1.0
. NovaCor 1.0
. MNowvaCer 1.0
. NowaCor 1.0
. MNovaCor 1.0

7 @ NovaCor 1.0

13 @ NovaCor1.0

18 B2 PBS/GPC

46 @ NovaCor 10
» IRC Switches

Type

[

@ =W

IP Address

10.103.43.159
10.103.32.112
10.103.32.113
10.103.32.114
10.103.32.115
10.103.32.116
10.103.32.117
10.103.32.241
10.103.32.127
10.103.32.146

Summary

1 Core, GTAOv2:1, GTDOv2:1, EthernetUDP, GTAIv2:1, GTDIv2:1, GTFPIVZ:1
10 Cores

10 Cores, GTAOVT:1, GTAWT:1

10 Cores

10 Cores, EthernetUDP, GTNETx2_GSE:1, GTNETx2_104:1

10 Cores

10 Cares, EthemetUDP, GTSOCv2:1
PB5:6, GTIRC:1, GTWIF:1, GTAOv1:1, RackConn:10, GTAl1:1
10 Cores, GTSYNC, Aurora:d, EthernetUDP, GTNETx2_GSE:2, GTNETx2_PMU:1

» Global Bus Hubs (GBHs)

Rack # 1
Hardware Type | NovaCor 2.0 -
# of Cores 1

IP Address 10.103.43.159

1 2 3
IRC Connections - -
GTSYNC

Hardware O~

¥ (§ NovaCor 2.0

A Port 1

Wo GTFPIVZ
v Port 2

10 GTDIvZ

Wo GTDOv2

A Port3
Wo GTAZ
0 GTACW2
v Part 32

| EthemetUDP (10.103.42.159)
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Conclusions

* Python Scripting
» Leverage External Packages Like numpy, scipy, matplotlib, pytorch etc.
 Embedded or External IDE

Internal or External Python Interpreter

Build Circuits, lterate/Search Components,

Modify Parameters

Examples: Optimization Problem, Loadflow Comparison, FFT etc.

* Frequency Domain Analysis

* Measurement Based Impedance Scan
e Bode Plot
« Stability analysis for HVDC system with HIL and/or SIL (i.e. GTSOC) controls

 Hardware Manager
« Combines Config File Editor & Firmware Upgrade Utility into a single utility
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