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RTDS @TalTech
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00 CHP Central controller: Project overview

Objective: design a common control for Gen 1 and 2 to control
them as a single unit at PCC.
I @ I > Aug(aiﬁgfy-llad
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10 kV



TTJ>100 CHP Central controller: Project overview
N\

/

« Central Control (Plant) controller required by TSO requirements
for new generators;

« Technical conditions and timeline - no off-the-shelf solutions;

« Tight deadlines:

 Project completed in 30 days.
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- Combined regulation P & | @ ey
Q/U at PCC; Yoz ol
110 kV 4,0 MVA
« No measurements from e O & Shik
PCC - ContrOI based Network 110 kV Cable Ct1 10KV 10 kV o
on estimation; equiva'ent- e VA i
en. -2
o 1) 25,7 MVA
« Accuracy requirements ndb O 2w
by TSO: 315 MA. —> iy load

e P: +1 MW 1008
« Q: £+ 1 Mvar
- U:+1kV



00 CHP Central controller: Technical challenges

« Different generators: | Z‘Zg) B> usiiary oad
significant regulation and pcc 0K 105763 v O
N _ 110 kV 110 kV 4,0 MVA o - 1
capability differences; ok ._ —D ) a0
equivalent 110 kV Cable 119/%15 oy 10KV 10 kV
« Gen. -1 parameters  g.x 31,5 MVA o
_ 10,5 kV O 25,7 MVA
fixed; IO oy ®
27,5 MVA 115/%,25 ky 10KV Gen. -2
L. 31,5 MVA _’Auxiliaryload
« Additional power plant 10kV

at PCC.
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« Control system design and implementation on PSCAD;
« Developing contractor requested features;

« Approval from TSO
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Stage 1: Design of the Central Controller

« Black box PSCAD model of the nearby power plant;

« Cooperation testing requirements:

 No significant impact to nearby generator stability
during fault at PCC;

 No reactive power hunting between generators;

« No undamped oscillations due to central control operation.

« Cooperation tests repeated during HIL development.
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Central Controller: Active Power Control
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Central Controller: Active Power Control
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Central Controller: Limiter Functions

AUXILIARY BUS VOLTAGE LIMITER
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« Controls power plant 110 kV bus voltage;

« PCC voltage control achieved by voltage drop compensation.
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— | 110 kv cabi =
able - .
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21



TTU>100
AN

/

Developed based on
PSCAD model;

Generator appropriate
controls modelled;

Hardware
implementation of
central control system
developed in parallel
with RTDS model.

Stage 2: RTDS Model Development & HIL Setup

22
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« Model verification done based on the PSCAD model;

U100 RTDS Model Verification
AN

« RTDS model was verified according to:

No-load voltage step response;

Grid connected voltage reference step response;
Active power regulation speed;

Reactive power regulation speed;

3-phase fault at PCC (0.25 s);

Sudden network impedance change.
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Hardware-in-the-loop: Setup

* Modelling of the power plant IEC-
104 communication system;

« Master station (central control
system) is SAE IT-systems Net-line
FW-50.

# BI: Binary Input Objects 1,2 in DNP S_Ec fication
EI: O F:::_:HEWL PctrlONSWH1

BI: 1 JctrlONFB UctrlONFB

BI: 2 Qctrl1ONFB Qctrl1ONFEB

BI: 3 PrimONFEB PrimONFB

BI: 4 Glprimacts Glprimact3

BI: 5 GlprimactlZ Glprimactl?Z

BEI: 6 GlREF GLREF 0

BEIlI: 7 ZlREFact ELEPact |

BEI: B8 GClcomF Glocom

RTDS signal configuration file

Electrical
system

GT Port Fiber Cable

Control
system

il

IEC 104 Master Station

[ CoppooogoRog I°
o L] soosaandonad |.

ETHERNET SWITCH

Etbernet Cable
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« Control system “converted” from PSCAD to Net-line FW-50;

« Conversion is not 1:1 because of differences in control
blocks implementations by the programs:

« Optimization and workarounds based on HIL simulations.

* Final tuning of the control systems.
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Hardware-in-the-loop: Challenges

« RTDS does not support double point information:

« Requires significant redesign of state information.

Point Point
information information

closed closed
01 open 0 open
00 error RTDS configuration

Plant configuration u

Translation layer
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Stage 3: Commissioning Test

« Tests to demonstrate the control system performance to the
Estonian TSO Elering AS;
« 32 test cases divided in 3 groups:
« Active power control;
« Reactive power control;

» Voltage control.

27



Commissioning Test: Runtime Schematic

« Schematic for commissioning test: real-time operation.

Power System

®_

T3
10.5/6.3 kV
4.0 MVA
VHL1:
_®% PHL1:
UG1_SYS: 12095kV T1 i
PG1_SYS: 22.06 MW 1;3’;%:\/';\"
QG1_SYS: -13.76 MVar :
—€ i < i ( G )
U_SYS: 12096 kV UG1T: 1028ky G1
Z_g\;‘ss:. 4053 MW PG1: 2540 MW 10.5 kV
_SYS. 2210 MVar QG1: -9.458 MVAR 30.8 MVA
<
UG2_SYS: 12095kV T2 UG2: 1033kV
PG2_SYS: 1854Mw 3 100 K PG2:  21.03MW
QG2_SYS: _10.75 Mvar : QG2: -7594 MVAR
(D=0
G2
10.5 kV
25.695 MVA
VHL2: 1033 kv
PHL2: 2400 MW
QHL2: 1.310 MVar

6.222 kv
3.200 MW
1.580 MVar
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Commissioning Test: P Control

Psys
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18.89

18.48

17.97

17.46

16.96|

16.44

15.94

15.43

14,92

14.41

13.9
0 28 56 84 112 140 168 196 224 252 280

Time (s)

PCC active power step from 14 to 19 MW
with boiler limitations.
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Commissioning Test: Q Control

Qsys

N NN NN N
O=2NWhO

S A
o)~ 0 ©

16

Mwvar

R N I G
OCOONN A

O-=2NWHLUI1O N

0 2 4 6 8101214 16 18 20 22 24 26 28 30 32 34 36 38 40
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PCC reactive power step from 0 to Qmax.

. o
e
2
-4
8
-8
10
5 -12
g
-14
16
18
20 - -
" \/L
24
0 ] 12 18 24 30 36 42 48 54 60

Time (s)

PCC reactive power step from 0 to Qn'éin.
0
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Usys110

121.01
120.92
120.84
120.75
120.66
120.57
120.49

120.4
120.31
120.22
120.14

120.05
119.96
119.87

Voltage (kV)
Voltage (kV)

119.79
197
119.61
119.52
119.44
119.35
118.26
19.17
119.09
19

0 4 8 12 16 20 24 28 32 36 40 0 4 8 12 16 20 24 28 32 36 40

Time (s) Time (s)

PCC voltage step from 119 to 121 kV. PCC voltage step from 121 to 119 kV.
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Conclusions

« Positive outcomes:

« After approval by the TSO, the control system was installed as
is in the power plant;

« Control system has been in operation for 2 years without any
problems;

« Significant cost savings for the power plant owner.
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Conclusions

 Challenges faced.:

« Convincing other parties that real-time simulation is a suitable
platform for development and commissioning testing;

« Missing double point information feature;

« Simulation reliability of IEC-104 protocol.
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