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What are Synchrophasor Systems ? _
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PMU ¢ Phasor Measurement Unit?DCc Phasor Data ConcentratoPDPc Phasor Data Processor



Sumary

Thispresentationis a review of the resultsobtained by a group of researchersat
the PowerSystem®epartmentat & D K S 2 |NHIK@®&chnicalniversityof lasiin
the field of Synchrophasoapplicationsn power systemmonitoringand control.

- T

State Estimation (SE) Distributed SE for e e
T alae
Synch PMU

Congestion prediction " Inter-tie

SIPCON i national research grant :

Real-time assessment - Optimal tuning of PSS f/\f

of tie-line loading s devices for SGs
Power Rating Opti-PSS

PhD grants and research projects




Application I Enhanced

State Estimation ui

Buses27 Lines31 Genera Trans
tors formers
400 kV | 220 kV | 400 kV | 220 kV 1 4
15 12 20 11
( é Transelectrica UWLS classmg Errors [%] UWLS + PMUSE? Errors [%]
: Buses - .
et V1 | fera) | 77 %] V]| e | 7| 7
s Gutinas 400 kV 413.884 | 0.000 [ 1.11 | 0.00| 412.117 | 0.000 | 0.67 | 0.00
. Barbosi 220 kV 233256 | 1.904 | 0.94 |3.16| 232382 | 1914 | 0.56 | 3.74
o - Cernavoda 400 kV 412902 | 8114 [ 090|150 411487 | 8168 | 056 | 0.84
» il Dumbrava 220 kV 233.692 | -1.867 | 1.28 | 2.05| 232365 | -1.885 | 0.70 | 1.11
e 3 w0, Focsani 220 KV 234804 | -0.753 | 1.05 | 634 | 233.836 | -0.761 | 0.64 | 535
g i G. Ialomitei 400 kV 412323 | 6204 [ 092|135 410893 | 6244 | 0.57 | 0.70
) ovnea 'S Tasi 220 KV 234567 | -4410 [ 090 | 275 | 234.036 | 4443 | 067 | 351
; o1 | Lacu Sarat 400 kV 412139 | 3912 | 094 | 059 | 410689 | 3.936 | 0.59 | 0.03
tance oss Medgidia Sud 400 412446 | 7.860 [ 091|141 411.028 | 7912 | 056 | 0.76
Munteni 220 kV 234901 | -3.880 | 1.13 | 2.10 | 233.880 | -3.915 | 0.69 | 1.23
’ i Pelicanu 400 KV 409543 | 5340 | 094 | 0.85| 408.098 | 5374 | 058|021
s e Loy s | Smardan 400 411.702 | 3356 | 084 | 140| 410288 | 3377 | 049|0.77
- osrsd e Suceava 220 kV 233.550 | -4.608 | 0.90 | 251 | 233.017 | -4.642 | 067 | 3.25
ooy N300 el ol Suceava 400 kV 402981 | -1.777 | 1.11 | 234 | 401259 | -1.794 | 0.68 | 141
' Ve At i ¥ Vulcanesti 400 kV 417.037 | 4028 [ 123|372 415775 | 4054 [092]3.10
el (N s max. | 134 6.34 092535
raginess On Joooand g min. | 0.84 | 0.00 0.49 | 0.00
i . o T N ID Y mean | 1.02 | 2.20 064 | 1.75
Ghizdary, L 2
S ‘Tut
Bulgaria

Dobrudja  Varna




Application 2: Distributed State Estima_

Approach: Purpose:
AThe whole system is divided into To estimate the power flows on the tie
subsystems/areas. lines between subsystems to forecast

AEach subsystem makes its own local $EM9€SHON:

AA coordinating entity synchronizes
results to estimate power flows on the -
tie-lines and to obtain the overall SE.

Benefits:

AConvenient method considering
competitive electricity markets

Alt reduces the computational effort
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AEach subsystem can use independent
its own SE algorithm. [ cobaise ]

Subsystems can be modelled using REI (Radial, Equivalent, Independent) equi\



Application3: SIPCON

Intelligent System for Congestion Prediction and Control in Transmission and HV Distribution
Networks

¢ State Estimation w/wdynchrophasors

Construction and optimization of REI network equivalents wiyochrophasors

PMU placement optimization to improve State Estimation accuracy.

Distributed State Estimation for congestion prediction on thdities between subsystems.
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Advanced GUI + Graphical & Numerical data visualization + Advanced MS SQL data base stc
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Rezultate calcul estimator stare

10:39:08 AM
SRS | Date nodaie | | Datelaturi | [Masurari noduri | [Masurari aturi | [ Ponderi noduri | [ Ponderilaturi | [Rezultate nodale | [Reziate fatur |
22-11-
Meniu Algoritmul clasic de estimare a starii
- Parametri Retea folosind metoda celor mai mici patrate
Nume proiect  IEEE30 ponderate (CMMP-F)
complet .
e o —— TR [ESRE =
Numarul de Noduri 0 logulul si argumen nsiunilor noaale
Nod  Modul [ur] Arg [grade 11z
) lur] Aglg T Masurari noduri | | Masurari latur | | Panderi noduri | | Ponderi laturi Reaultate nodale| [Rezultate laturi
Mumarul de Laturi 21 Busi 10587 0.0000 22-11-2011
distrib Puterea de b 100 MVA Bc? L0W3 53608 "
Estimator distribuit uterea de baza leniu
Bus3 10197 7.9616 R caz Mod st. Ned dr. Pa i [MW] Priq [MVAr] Paj< [MW] Prj< [MVAr] Tmax/s max |
p— Bus4  1.0108 9.6461 (oeres: :é;c::';ﬂ;; PO +0% Barbosi 220kV Focsan 220kv 65.0780 247867  -64.5280 14,2529 292,2007
Control :
Optiuni Bus5 1.0097 -14.4286 S LA Smardan 400 Gutinas 400kV 217.5040  63.6932  -215.1303 17834 536.5402
- Regin permanent uterea de baza
- Precisa de cakad 0,001 Bus6  1.0086 11,3781 PO +5% Barbosi 220KV Focsan 220kV 652318 247631 646805 142436 2028228
Predictie Bus7 1.0013 -13.2042 Optiuni calewl Smardan 400 Gutinas 400kv 217.8935  -63.5535  -216.5152 1.7006 537.5583
Estimare stare e
Bus8  1.0084 12,1348 I — ooo0; | PO+ 10% Barbosi 200KV Focsani 220k £5.3857 247321 648321 142339 293445
Optim PMU Status Buso  1.0553 142315 Smardan 400 Gutinas 400KV 218.2832  63.4128 2159001 16109 5334777
e & Bus 10| 10490 15,9096 Estimator distribuit Optiuni echivalent PO +15% Barbosi 220kV Focsan 220kV 65.5397  -24.7148 649837 142240 2940680
Smardan 400 Gutinas 400KV 218.5730  63.2709 2172851 1.5201 53,3971
Optim RET Bus 11 1.0865 -14.4156 -
Convergent Transel_4_2 - B0+ 30% Barbosi 220 kv Focsan 220kV 65,6933 246901 651354 142138 2946910
- o= Bus L2, |1.0612 -15.3115 Smardan 400 Gutinas 400KV 219.0628  -63.1278  -217.6702 14284 540.3168
Busidg| 10713 -15.3346 PO +25% Barbosi 220 kV Focsan 220kV 65,8480  24.6650  -65.2872 142032  295.3143
Predictie Optiuni contrel
Bus 14 1.0476 -16.2349 Nodul de studiu  Smardan400 Gutinas 00KV 219.4528 -62.9836  -218.0554 13356 5412370
Bus 15 1.0417 -16.3691 R~
us Optim PMU Gheorghieni 220k =
Bus 16 1.0521 -15.9021
. Pas variatie incarcare [%]
= | ;
5012 20469 [A] s011
Limita variatiei de incarcare [pas] (In studiu) — @ i =
65,69 [ MW 65,14 [MW
5 = Barbosi 220 kV = e e Focsani 220 kv L
L = A [MVARL, - (o 3 21 [HVAT g&
=
0 ; 0y
e o0 [zt 8D vt 4o o A B




Application4: SynchroPhasaors. Modbus _

Digital Fault Recorder Qualitrol IDM1
with PMU capabilities

Modbus Replay interface and
communication software with limited
capabilities has been replaced with a
software tool developed independently
SynchroPhasaor

ABased on |IEEE C37.12@11 _
communication standard. =

AData storage capabilities based on| =
MS SQL database technology. e

AAdvanced GUI and data visualizati

P.activa  17.209 MW
[ va -2.917 MVAr
.
Timp

AMatlab-Simulink andIgSILENT . i
PowerFactorxommunication
capabilites. & o




