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Real-time IBR HIL Testing — Modeling Challenge

= Data Source

« PSCAD model with compiled IBR model in the
format of DLL (Dynamic link library)

- Typically, black-box, based on actual inverter
controls or real-code

= Challenges

Hidden inverter parameters

Hidden protection logics, e.g., collector
protection and plant protection

Third party software may be required package
to simulate plant PSCAD model
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Overall Workflow

Python Script
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RTDS IBR Model Development
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Systematic Model Tuning and Validation

= Quasi-steady-state response matching

« Focus on filter time constants, PID gains,

voltage-dependent current limits, ramp rates, P_ref
—3» P controller
etc. Id_ref
Q_ref Current f@- > ! Ioo:|p '§ 0
—#{ Q controller Limit * 1 =L~ >
Logic lq_ref i loop - _28 1
= Fault transient response matching *E+ ov/uv
Va, Vb,|Vc T Protection
« Focus on HLVRT, fault, protection functions, etc. ——> Pu HLVRT
(red box) ;
»| HLFRT
« Inner loop control and modulation ( ) theta
« Tripping logic. (purple box) < |
la, Ib, |c
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= System interactions matching

Non-tripping -
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S Time
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« Connect to developed IEEE-14 bus systems and
focus on internal and external fault responses.
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Automated Model Parameter Estimation

MATLAB parameter estimation tool

PARAMETER ESTIMATION VALIDATION EXPERIMENT PLOT
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IBR Outer Loop Response Matching

-ﬁ



IBR Vendor Models Matching - Recap

= 2-step matching process

P_ref
« Quter control loop (red) —*| P controller d ref
N — c
— Inputs: Pref, Qref, Vabc Q_ref D Current 2 0
—»{ Q controller Limit o ref o - N
— Outputs: Id_ref, Iq_ref Logic | '~ g 1
¢ OV/UV
Va, Vb,|Vc T Protection
—el—»| PLL HLVRT
 Inner control loop ( )
... ..0 f .
— Inputs: Id_ref, Iq_ref, labc, Theta AN » HLFRT
- - ) ) - :[] theta f
— Outputs: IGBT gate drive signals - /
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Low Voltage Ride Through Test
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Evolving Fault AB-ABC Fault at POl — 200 ms
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Evolving Fault ABC-BC Fault at POl — 200 ms
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Evolving Fault AB-ABC-BC Fault at POl — 300 ms
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IBR Outer & Inner Loop Response Matching
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IBR Model Development: Inner Control Loop

= |BR Model

« Modular format

g Cor)

= New control development

thataPhi as COS function

- Developed an inner loop control

« SPWM modulation

ANELE
30 2
s W

ModvAx1

StartUp Tming System parameters )
ModwnCx1
for Whole System and Pl settings
\ 1
UCM - FIRING PULSE UCM - FIRING PULSE UCM - FIRING PULSE
VP /;w FPGEN1 FPGENZ FPGEN3
= ALPHAT
vin = AL TeaT 7 € MODULATION WAVE MODULATION WAVE MODULATION WAVE
a0 #1 ViAx #1 VBx # Vex
Iri—_ial zati &2 Viax #2 VBx &2 Vex
TRIANGULAR WAVE TRIANGULAR WAVE TRIANGULAR WAVE
B _10 5 _10 B _1w
SPifswl SP 1w S P1fzw1
Foarr (Hzy Fearr (Hz) o (Hzy
FIRING PULSE FIRING PULSE FIRING PULSE

L1

L

[l

DEBLOCK AMD MASK DEBLOCK AND MASK DEBLOCK AND MASK
DERND3 DBKWDI2 DEKWD13
CONDITIONED FP CONDITIONED FP CONDITIONED FP
RN L e E L
nFFal = FPal nFFal = FPel
nFFa2 = FPad nFFa2 = FPod
nFRbi = FRal b2 nFRbi = FRel

nFFb2 = FRa nFPb= FPBe

nFFb2 = FRcd




IBR Model Development: power electronics

New development

Included power electronics switches

Inverter output filter

GSU transformer with scaling factor

System parameters

for Whole System and Pl settings

StartUp Tming ‘H

PV System (PV1)

il
[

PSCAD

Vi(pu)
Inv_Eqw

Ot

Number of the inverters
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IBR Model Development: System integration

= New development
- |EEE 14 bus integration — Bus 5
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Task 3 Progress Review and Discussion — Matching Models on PSCAD and RTDS

= Build PSCAD model from scratch based on original o i & _[3:_'?'5
|EEE 14 bus data Q .

PSCAD library does not have the same components as RSCAD
library — causes model matching challenges. .
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Source Model Differences between PSCAD and RSCAD

= Dynamic PQ and PV sources in PSCAD = Dynamic PQ and PV sources in RSCAD
« No limits on the fault current magnitudes « Controlled current source

- Pl controller becomes unstable when fault stays - Uses PLL to track POl voltage
on for a long time

@ Component Parameters for _rtds_PQlnject.def O e
_rtds_PQInject.def Q
IR TR Name Description Value Unit Min Max
Three Phase Voltage Source Model 1 * ;
ccType  Control type l P/V control > ‘
i i ;| A L3 CORE ASSIGNMENT /
Configuration : I.\lr ﬁ = ﬁ L2 ccSigs  Control set points in Runtime or CC? P/PF cantrol
i Intemal Impedance b/ control
i Spurce Control v General PLL PARAMETERS ccBlk Turn on/off injections in Runtime or CC7 _
: Intemal OLI‘tl:lLl‘t Variables Base MVA (3‘Ph359) 100.0 [MIIIIIA] Srated  Rated MVA (Base for per unit current control) _— MVA 0.0 1eb
i PowerFlow Base Voltage (L-L, RMS) 230.0 [kv] CURRENT CONTROL PARAMETERS Fixed PF
Base Freguency 60,0 [Hz] Pinit Initial real power reference (] MW -led 1e6
SIGNAL NAMES
Voltage Input Time Constant 0.05[s
g R I [=] Pfinit Initial power factor reference Tle-6 10
. .
Automatic Power Control LOADFLOW RESULTS - - : 6
Enable Automatic Power Control? Yes Qinit Initial reactive power reference MVAr -leé 1eb
Desired Real Power Out 1.0 [pu] AUTO-NAMING SETTINGS Vinit  Initial RMS voltage reference 36,9150 kv 00 16
Measurement Time Constant 0.02 [s] )
Controller Time Constant 0.05 [5] Pfrefcc  Mame for power factor setpoint
v Automatic Voltage Control Prefcc  Name for real power setpoint MW
i ?
EI'IE|.J|EAI.ItCII'I1E|tIE Veltage Control? Yes Qrefce Name for reactive power setpoint MVAr
Desired BusVoltage 1.0 [pu]
Measurement Voltage Base (L-L, RMS) 230.0 [kv] Vrefcc  Mame for rms voltage setpoint kv
Measurement Time Constant 0.02 [s] Blkcc Name for block input {Integer 0 or 1) srcBlk6
Controller Time Constant 0.05 [s]
v Fixed Control RLim Rate limit for reference signals (+/-) 0.01 persec 0.0 1eb
Voltage Magnitude (L-L, RMS) 230.0 [kv] Tpg Time constant for loop filters 1e-3 secs
Frequency 50.0 Hz] Kpec Proportional gain 0.1
Phase 0.0 [deq]
Initial Real Power 0.0 [pu] Kice Integral gain 20
Initial Reactive Power 0.0 [DLI: Max Maximum limit 2.0 pu
Min Minimum limit -20 p.u
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PSCAD-RTDS Co-Simulation Model Validation Results
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PSCAD and RSCAD Co-Simulation

NovaCor

= To save time and avoid subtle model
differences, the team decided to pursue
RSCAD-PSCAD co-simulation approach.

« Simulate power system and inverter hardware in
RSCAD

« Simulate IBR vendor black box controller in
PSCAD

- UDP interface exchanges analog measurements
and control outputs between two platforms.

. Limitations: Other RSCAD component

— Does not support real-time co-simulation

— RSCAD side only allow control inputs

At ETHERNET UDP SKT

COMPONENT Wait for Data

Other RSCAD component

Ethernet (UDP)

PC (PSCAD)

Ethernet (WIF)

[

Switch Hub

PC (RSCAD)

s

Send Data je——

External
Application

PSCAD
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Co-Simulation Setup

= PSCAD = RSCAD

+ Inverter controller in the loop - Power system
70 MW IBR Plant

INVERTER FEATLRES
Inverter moded Reference [FS3430M )
AL Ouftputt Fower [KVA]@=0C v fret ab.
Grid MV Vaoitage k] HE Pt gb_reset
a0 Cmo—4 s .
a——— Inv_bat Tap
Fatet Fower [MVA] nv_at ™ R
Ur_meas Top
Grid Freguency .0 5— ﬁn T
& —p =
Us_meass T sl
Iv_hat = 1 (Bsdrechonal Converter [FCE]) @_. & ﬁ;
Iw_bat = 0 (Lnidirectional Comerter [PV invester]) Imv_bat: Lt Tan
& e Tan
B
Flant rated power [MVA] Spant = Ton )
CE>—s & Gl T Tt
Nemizer of mocies n_smod I5_meas Ten Y I |
B Tt .
18— =
Mumber of Invertes ke ot fmeas 1 _
[ ks Heg, §
Sated A
B S5
S:#— m—ﬂ_gﬂ Vo ?l "
P— Frated gond|—s
. N =
IBROT v e - o_meas Lecen |
o3 Veanet mest—— s
Vparel Io_meas
) LVRT. m
@2 oo LVAT flag s o ., .
:] [P ]
—y HVAT, u 7§
mE ":T T fag . T I i 3—5‘
R — dr
K &
- .
- [ e
o e
Pt = Ec I laz 2 it . v +
P N I . »
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Co-Simulation Interface

= RSCAD only has the inverter hardware

« Controller inputs are sent from PSCAD

IBR System (1)
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Fault Test Cases

= |EEE 14 bus system = Fault current at POI: Loc 2 ABC

« IBR connected to Bus 5

A

POI

OO

Utility

« Loc 2 &5 are internal faults <03
X
- Loc 4 & 6 are external faults = 05
£ 0
(@]
S04t
L
O |y

A

P

T

—10-PE
—10-QT
11-PE
—11-QT
—12-PE
12-QT

= Fault current at POI: Loc 2 ABG

005 01 015 02 025 03 035 04

sec

o
o)
T

04r

—10-PE
—10-QT

11-PE
—I1-QT

Fault currrent kA

—12-PE
12-QT
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IBR Fault Current Validation

= The overall Mean Absolute Error (MAE) is
0.0031 kA

= The maximum error is 0.0085 kA

FLTLOC_2_AB
FLTLOC_2_ABC
FLTLOC_2_ABG

FLTLOC_2_AG

FLTLOC_4_AB
FLTLOC_4_ABC
FLTLOC_4_ABG

FLTLOC_4_AG

FLTLOC_5_AB
FLTLOC_5_ABC
FLTLOC_5_ABG

FLTLOC_5_AG

FLTLOC_6_AB
FLTLOC_6_ABC
FLTLOC_6_ABG

FLTLOC_6_AG

0.0000
0.0000
0.0011
0.0016
0.0000
0.0000
0.0017
0.0015
0.0000
0.0000
0.0023
0.0026
0.0000
0.0000
0.0032
0.0017

0.0051
0.0070
0.0053
0.0056
0.0049
0.0071
0.0055
0.0063
0.0054
0.0085
0.0059
0.0065
0.0067
0.0055
0.0049
0.0070

0.0026
0.0020
0.0022
0.0021
0.0025
0.0023
0.0024
0.0022
0.0022
0.0025
0.0025
0.0023
0.0019
0.0012
0.0021
0.0020

Fault Cases | _10MAE | _i1MAE | _12MAE |
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Conclusions

= Best practices in matching black-box vendor = Synchronous generator model parameter
models of IBRs in RSCAD estimation tools can be applied for IBR model

« Quasi steady-state response matching development.

— Focus on filter time constants, PID gains, voltage- = PSCAD-RTDS co-simulation feature is a
dependent current limits, ramp rates, etc. powerful way to perform IBR software
- Fault transient response matching controller-in-the-loop simulation.

— Focus on HLVRT, protection functions, etc. . .
P = |BR model validation can be done accurately

* System interactions matching using PSCAD-RTDS co-simulation.

— Connect to developed IEEE-14 bus systems and
focus on internal and external fault responses.
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