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OVERVIEW

* Frequency Scanning always been achievable on the RTDS
» Automated all operations and combined into FSAT Tool
* FSAT Tool

* Frequency Scanning Tirmedke
* Analytical Method Extraction
 Measurement Based Method

Stability
Analysis

« Stability Analysis




ANALYTICAL METHOD

* Applications
* Network Validation with different software platforms
* Resonant frequency

* Frequency dependent transmission line impedance
 FDNE source

» Single phase components are not supported




ANALYTICAL METHOD

* Determine the +/-/0 zero sequence of a frequency dependent
transmission line /
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ANALYTICAL METHOD

RSCAD FX 2.5
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» Select ‘Open FSAT’ icon from
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menu
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a! Frequency Scan and Analysis Tool (FSAT)

Simulation does not need to be running
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ANALYTICAL METHOD

Run the Frequency Scan

 Select Bus
Frequency range
QOutput file name

« Calculate Response

Calculations

 Admittance matrix of the network YBUS
«  Kron reduction technique used to solve
«  Compute impedance as seen from BUS
 Select domain

«  Select to output phase impedance
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ANALYTICAL METHOD

@ Frequency Scan and Analysis Teol (FSAT)

P Load Scan Results  Phase Units [Degrees =] Domain [0 ~ (7]

. Frequency Scan | Synthesized Responses | Resuits Viewer | Stability Analysis
« Results Viewer
- - 14
4 — 47
. 2 a2
« Select th tput filenam P
elec € output Triename 5 _ i
424 " 05
. ZOOI I I In |7-7- T N T T T T T T T T ' T L T T T T T LI T T
bl 50 100 150 200 250 a 200 400 600 00 1000 1200
f{Hz) f(Hz)
100 - 200 - - -
T N AR AR AN f L \ 1M N
g w03/ g w00 \n' \M”'|I| [ I”"u‘"'lu‘ \'H'H "HH
E .‘,f a o4 |—|| VI_I‘|IQ|H |||\J U‘KL\
] § [ |
& 50 & 03 || b
[
100 = 200 = -
T T T T T T T T T T T T T T T T T T T LI T T
bl 50 100 150 200 250 a 200 400 600 800 1000 1200
f (Hz) f (Hz)
221 (V_(f) / 1.(f+2f0)) 722
14 30000
05 25000 ] ’I
] 1
€ ] it
& I
Fy
= 05 = | "\
'3 _ ——
o e coe e e v v I e P : T
-200 o 200 400 600 800 1000 -200 o 200 400 600 800 1000
f(Hz) f (Hz)
200 . . . 100
[ ' [
‘ | | I|‘H‘|III“| I |JI|H\\ \\ll |I | \|" [ |‘ ‘ [ ™
& 1004 | | I || \f ‘ NN I|| |I [l ‘I H I|| I| | ¥ s | |
4 UYL UYL ‘”l' HPIRR g ‘ '
g o3 TR U JUWY LU g 3 | ‘.
| | | | ‘
£ 100 4 || £ 50 { |
| | J N
200 = 100 = - -
o e coe e e v v I e P : e
-200 o 200 400 600 800 1000 -200 o 200 400 500 800 1000
fiHz) f(Hz)
=
T 1
= » .
' APF ATIO R OLO 0 R - AGO 0 A
RTDS APP 0 H e olo
OLOGY CONFER H 2
N
B | — |




RESULTS VIEWE

.fscn file contains the data
as shown on the GUI in DQ
format

Click on the name of the
frequency scan file,
additional menu options

Export Data to different
file formats and different
domains

Load other scan results
and compare

@ Frequency Scan and Analysis Tocl (FSAT)
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ANALYTICAL METHOD

Scan of the network at this bus

b e use

o Component Parameters for _rtds_fdne_src.def

_rtds_fdne_src.def

Name Description
CONFIGURATION

Name Component Name

R e p | a Ced W | t h F D N E sourc CURVE FITTING PARAMETERS . A —

AC SOURCE INITIAL VALUES AT TERMINALS  filename Frequency Characteristics Data File Name with Extension

INITIAL POWER OUTPUT format | Data Format

type FDME Type

n
I

NN

S

Value
FDNESRC1
60.0
areal_phase.out
Frequency Scan Data

FDNE Voltage Source

Unit

Mi




MEASUREMENT BASED METHOD

* Analytical scan does not take into account operating conditions such as
controls or states of power electronic switches

Black boxed controls
Measure voltage and current at different frequencies
Calculate impedance Z=V/I

For efficiency, the frequency bandwidth of interest can be split up into
sub-ranges and a harmonically rich signal injected (multi-sine)

DFT used to extract the frequency response




MEASUREMENT BASED METHOD

s

« Component named _rtds_ FREQSCAN_meas.def generates the
perturbation signa

» Three types of frequency scan supported
« 3Phase AC (DQO,PNO,+/-/0)
 Two Phase AC/DC networks
» Controls




MEASUREMENT BASED METHOD

M m »n O

omponent must reside in main step
elect where the perturbation signal 1s being applied
nter the voltage and current at the bus

requency accurately match system

_rtds_FREQSCAN_meas.def @
CONFIGURATION Name Description Value Unit  Min | M:
Vbase  Injection Base (e, L-L RMS Voltage) 3800 a6 100(
DO/PN/-= IMPEDANCESCAN Fundamentsl Frequency in the DQO Transformation | 50.0 Hz 10 200,
AUTO-NAMING SETTINGS enPLL Enable Intemal PLL to Calculate Frequency No -
lamea  Measured Phase A Current 14P1 F
(DQ1PN/ +) Sem lbomes  Measured Phase B Current 1BP1_F
Z‘& Iﬁ'_\'_‘ mega_scan lcmea  Measured Phase C Current IcP1F
gf Zf&f magh_scar Vamea  Measured Phase A Voltage NIF
d =1 s Vbmea  Measured Phase B Voltage N2F
3 Phase AG Vemea  Messured Phase C Voltage N3_F
PWR.SGN  Signs! Measurement Source Substep -
Delayvl  Delay Input Signal o align V &
Dsmall  Delay (Small) Timestep Size s 0 150
PIPG Pl-Regulator Proportion Gain 00 1000
pIT Pl-Regulator Integral Time Constant sec 106 100(
ft PLL Filter Time-Constant sec 106 100(
Ftout Filter Time-Canstant of Output Frequency sec 106 100(
nFreq  Internal Frequency Measurement Signal bz
oK Cancel Cancel Al

n
I




MEASUREMENT BASED METHOD

* [nject either current or voltag s R
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MEASUREMENT BASED METHOD

 3Phase AC scan

» Pertubation signals DQ
* Transformed to phase
« Sampled
» Transformed DQ
 DFT

(LTV) { ______ (_LI'l_____J

Zaqo = Zga Zgq

Zgg Zgq ]

Impedance Matrix Form




MEASUREMENT BASED METHOD

: AC source

e Input: Current into the MMC

* Qutput: PCC voltage

: Impedance of the MMC (dgO domain)

PCC |

AC |
Impedance |

@ m—ui—

wl” AC Side
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STABILITY ANALYSIS

|ac |mmc
< —

'lIi Gac

Vpce

meC

linj

AIGC

Closed-loop transfer function

y(w) Zmmc(w)
x(w) I+ Gac(w)+*Zmmc

Open-loop transfer function

Tf(w) = Gac(w) *Zmmc

At frequency w4, open loop eigenvalue Ac (w)




STABILITY ANALYSIS

Current injection 0.1hz step, size 0.02% (base 230 kA), 25 per
subrange

40

Cdcl;

Caa =

ol




STABILITY ANALYSIS

ss = Domain |DQD *
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STABILITY ANALYSIS

Eigenwvalue Bode Plots VSG Grid-side Waveforms [VSC1) in per unit VSG Control (VSC1)
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STABILITY ANALYSIS

» Type (Scanned Data/Series RL / Transfer Function )
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FSAT Tool

* Important Points
* Ensure the simulation iIs running at desired operating point
 Plot the voltage and current at the PCC bus observe any instabilities or

noise
» Adjust scan parameters If required
* Stability analys;™ = ™ .73 ~" 7" " e the same frequency range

and increment




FSAT Tool

» Synthesized Responses tab
 Verifying network equivalent
« Scan network equivalent
* Load scan results and comp

G
@
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B Frequency Scan and Analysis Tool (FSAT)

Phase Units |Degrees  ~| Domain |DO0
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500 25
End Frequency (Approx) | 1000.0 Hz " PR
-1 3
2 300 2 27
\ £ £
Frequency Increment 10 Hz 04 B s 2
= :
System Nominal Frequency | 50.0 - 1003 2
05 2254
Qutput File frequency_scan ! ! ! ! ! ! ! ! ! ! !
0 200 a00 600 800 1000 200 400 500 00 1000
Qutput Directory B f(Hz) f(Hz)
a r 100 = -
Type Series RL (DQO) - g w3 T mos 4
5 g o< &
thesized System & -
¥ 40 %
| g
& - 1795 =
Ls+ R wol
179
wl Ls+R T T T . T T T T . | T
o 200 400 600 8O0 1000 200 400 () 800 1000
f(Hz) f(Hz)
Resistance 24 Ohms
721 722
Inductance  0.075 H *3 0
3 005
o
¥
< 2 w0
Calculate Response E| 5 200 -
=
225 05
T T T T T T T T T T T T
o 200 400 600 800 1000 200 400 600 800 1000
f(Hz) f(Hz)
1= 100 =
g 053 g w0
g g 60
g 0 o
[ % 40
g .05 g
= & 204
3 04
T T T T T T T T T T T T
o 200 400 600 8O0 1000 200 400 () 800 1000
f(Hz) f(Hz)
= »
» : Xelo ° A
= A
NG
T
T T T |




FSAT Tool

* Future Developments
« Automation

« Example Casesl14 Impedance Scan

* Frequency Scan (analytical)
 Harmonic Scan (measured)

&er Directory Tutorial Cases | Example Cases | Linkec

Name
» [] 12 Transportation
» 113 PHIL
¥ [ ] 14 Impedance Scan
» [ | Frequency Scan (Analytical)
» [ ] Harmonic Scan (Measured)

P [T 15 Simulation Control
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