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WAMSTER-RT m HOPS

= WAMSTER-RT PDCs m HOPS

1 m NDC, 2 in area control centers

= PDC in NDC - WAMS to WAMPAC transition testbed

WAMSTER-2

Communication delays and issues
Line protection monitoring (basic, differential, mpedance)

Line monitoring: voltage angle difference, charging

currents, high resistance faults, corona losses, synchro-
check

Fault locator - superior for high resistance SLG faults
Oscillation monitoring: detection, Prony tool analysis
Performance monitoring: primary frequency control
Integration with EMS — Emergency load shedding

Equipment deterioration, protection coordination flaws
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2)current ranges: 2Apre____1510n 32 Ahigh current
overload 100 A: > 2 mm

3)4 x binary mputs, 4 x relay outputs

4)bmary outputs controlled by IEEE C37.118 protocol
achieved: PMU-PDC-PMU loop reaction time: 40 ms
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» -Rl in reduced footprint = 4th U&Ichannels with
= external clamp-on current DC measurement
SO capability
g RES r.non.ltormg . = excitation, PSS, synchro-
= Distribution, generation check
and older transmission
feeders = extensions for R&D
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Differential current

E /Berlin CET (+01:00) - Toggle Full 5 - L t dbrnob
Event Id (e.g. 2,3) PMU ID (e.g. 1,2,7) Lrope/berin CEI; (:01:00) =Hlcesle Full >creen At ozout cbrmo

220 kV Konisko Brinie Event started with value 6.5 kA at 2019-05-05 2019-05-05 = - Iﬁagnﬁudes
107 (#8-£10) L i 18:07:37.400 UTC. 6499.15479

Event ended at 2019-05-05 18:07:37.940 UTC. 20:07:37:400 [#] 1 1sym+
—
7 1| [1sym-
Additional information: B PMU#8 "TS Konjsko VP 220kV Brinje” |I+] [kA & [ 15y
Use this field to add custom : ] —
description text to this event :

(temporarily disabled) . i.l"-".l'l'l_?,l.E'S

wl Operate Current (Vector)

B [l Magnitudes
Tags:
—1
Add tags (temporarily disabled) "“r ||5'_'l"m+B = IS":,."I'I'I A [A]

[ ]11sym-g = Isym-4] [A]
[] 11sym0g = Isym0y| [A]
[]1Mg = 1My [A]
A []112g + 1251 [A]

20:07:36 20:07:37 20:07:37 20:07:38 20:07:38 20:07:39 =_| |I3B + ISA' [A]
Event started with value 152.7 A at 2018-10-14

1
110 kV Obrovac Velebit 21:06:31.460 UTC. T 2018-10-14 . O | |Angles
(#319-#320) Peak value was 204.3 A at 2018-10-14 21:06:31.980 UTC. ' 23:06:31.460 — .
= | | Restrain Current (Scalar)

Event ended at 2018-10-14 21:06:31.980 UTC.

= Konjsko Brinje 112, + 12,1 [A]

200 kV Melina Velebit @(Isym+, + Isym+,) [*] [rel.to .400 KV Velebit Konjsko @(lsym+, + Isym+,) [*] [rel.to
PMU#13 @(U+)] PMU#5 @(U+)]
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Fault locator tooltp window

(right click to pin tooltip

Device: PMU#13 "RHE Velebit VP 400kV Melina”
Channel: |12| [kA]

Time: 2020-12-08 13:44:45.

Value: 2.7612 kA

PowerLine: 400 kV Melina Velebit; Length = 178.8 km

]
TS Melina

- Differential Fault type:SINGLE PHASE (L2-E)

PMU#3 TS Melina VP 400kV Velebit:
- U/1/Phi Fault type:MNONE
- Quadrilateral Fault type:NOME

L1-E: R=-193.9 (-3300.7% Rd); X=-15.1 (-24.7% Xd); phi=-175.6"False
L2-E: R=56.2 (956.1% Rd); X=61.9 (101.3% Xd); phi=47.8"False

L3-E: R=-63.1 (-1074.1% Rd); X=-364.8 (-597.3% Xd); phi=-99.8°False
L1-L2: R=308.2 (5246.4% Rd); X=64.0 (104.7% Xd); phi=11.7"False
L2-L3: R=-18.5 (-314.4% Rd); X=185.0 (302.8% Xd); phi=95.7°False
L3-L1: R=-464.2 (-7901.1% Rd); X=-40.6 (-66.4% Xd); phi=-175.0"False

* One-side estimation methods:
- Simple Reactance : L = 181.06 km [-2.26 km to other end)
- Takagi :L=146.79 km (32.01 km to other end)
- Modified Takagi  : L =138.69 km (40.11 km to other end)
- Ziegler : L =148.87 km (29.93 km to other end)
* Two-side estimation methods:
- Pos. Sequence : L= 13%.23 km (39.57 km to other end)
- Meg. Sequence : L = 131.86 km (46.94 km to other end)
- Zero Sequence : L = 137.04 km (41.76 km to other end)
- STER Method : L =136.28 km (42.52 km to other end)
Up = 132242.80<-45.85° ¥

Zigop = 83.55<47.76° Q
Rp = 26.84<16.59° 0

WAMSTER-2

Studio Elektronike Rijeka d.o.o.

RHE Velebit

PMU#13 RHE Velebit VP 400ky Melina:
- U/1/Phi Fault type:SINGLE PHASE (L2-E)
- Quadrilateral Fault type:SINGLE PHASE (LZ-E)

L1-E: R
[ E SR
L3-E: R
L1-L2:

-168.6 (-2869.0% Rd); X=-53.3 (-87.3% Xd); phi=-162.4"False
1.8 (540.6% Rd); X=18.4 (30.1% Xd); phi=30.0"True

1.9 (1394.5% Rd); X=-74.9 (-122.6% Xd); phi=-42.4"False
124.3 (2115.2% Rd); X=-3.7 (-6.1% Xd); phi=-1.7"False
67.4 (1146.5% Rd); X=108.8 (178.1% Xd); phi=58.2"False
46

&
8
=467.8 (7962.9% Rd); X=-56.8 (-93.0% Xd); phi=-6.9"False

R
L2-L3: R
L3-L1: R

* One-side estimation methods:
- Simple Reactance : L = 53.74 km (125.06 km
- Takagi 1 L=49.13 km (129.67 km
- Modified Takagi  :L=51.32 km {127.48 km
- Ziegler : L=47.34 km (131.46 km
* Two-side estimation methods:
- Pos. Sequence : L=3%.80 km (13%.00 km to
- Meg. Sequence : L =47.36 km (131.44 km to
- Zero Sequence : L=41.76 km (137.04 km to
- STER Method : L =42.53 km (136.27 km t
Up = 132242.80<-45.85° ¥V
Z|gop = 36.68<30.03" O

R = 15.43<7.09° 0

OHL Team

136.28 km
0.10%
136.45 km
0.20%
136.24 km
0.08%
136.43 km
0.18%
136.1 km
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Emergency load shedding

Istrian penimsula

ES EVENTS

GRAPHS

® 110kV Buje Kopar
67.4kV £-3.6°
129.5A £33.2°

21.91 MW
-14.32 MVAr

- (2P, £Q) predstavija
rikazanim

pojedinim PMU
 predznak kad struja

©2008-2019 STER Ltd. Croatia - Admin area - WAMSTER v2.1.2315.2019/08/27 -

EXPORT

HOPS

WAMSTER:-2

HELP

UKUPNI KONZUM ISTRE
IP = 161.66MW
3Q = -12.17MVAr
TE Plomin GE2
220 kV / 210MW

» DC modet: Rasterecenje
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Trip 2.5 mm after reclosure

2019-09-06 2019-09-06
14:55:52 14:55:53

2019-09-06
4:55:52
— APMU#202 "TS Plomin VP 220kV Melina" |U+| [pu]
B pMU#203 "TS Plomin VP 220kV Pehlin” |U+| [pu]
B PMU#209 "TS Plomin TP 220 kV Blok Transformator™- U+ | [pu]

2019-09-06 2019-09-06 2019-09-06 2019-09-06
14:56:30 14:57:00 14:57:30 14:58:00

—ed |

5 IR 1075 e v 220k st _tsuzios
B PMU#202 "TS Plomin VP 220kV Melina" P [N™ o " 20 18
1
2

B PMU#203 "TS Plomin VP 220kV Pehlin” P [M
B PMU#209 "TS Plomin TP 220 kV Blok Transf —.
B PMU#10001 "lzracunata Potrosnja Istre” P [

\{?’19—09—06 2019-09-06 2019-09-06 2019-09-06 2019-09
4:56:00 14:56:30 14:57:00 14:57:30 14:58:(

2018-09-03 2018-09-03 7018-09-03
15:53:00 15:54:00

lina® _PMUA103 “TS Plomin VP 220KV Pehlin®
P [mwl

Observed: 2019-09-07 s = —F
Historical: 2018-09-03 El 8
Similar event confirmed: 2021-09-17 A
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400 kVPT pre-failure warning

B PAAUZ3 TS Helina VP 400KV Velebit' |U3] [pu] I PAIU5 TS Konjsko VP 400KV Velebit' | U3 [pu] 8 PR3 °TS Metina VP 400V Tumbri® |U3] [pu]

B PAAUZ13 "RHE Velebit VP 400KV Melina" [U3] [pu] | PMUS14 "RHE Velebit VP 400KV Konjsko' U3 [pu] I PMUS201 °TS r:‘\eh‘na VP 400KV Divaéa” 3] [pu] PMU#132 'TS Konjsko VP 400 kV RHE Velebit"  PMU#132 'TS Konjsko VP 400 kV RHE Velebit"  PMU#132 'TS Konjsko VP 400 kV RHE
B PAALZ312 TS Tumbri VP 400KV Keskot" [U3) [pu] I8 P340 TS Tumbri VP 400KV Krsko 2° |U3] [pu] I8 PHUR40L "TS Zerjavinec VP 400KV Heviz 1" |U3] [pu] .U1 | ' 0y 'Velem‘t" U V]
1B PHUI403 S Terjavinec VP 400KV Heviz 2 U3 [pu]
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HOPS was informed about the problem m Feb.2020.

Atripping on 15/09/2020 caused by PT deterioration was not declared
as false by EMS.

400 kVPT was replaced on 18/09/2020
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WAMSTER

AD HOC PHASOR MEASUREMENT NETWORK

Web clients
(PC, laptop,

% GPRS
¥ / nods Tl smartphone)

STERPMU
synchrophasors

—

WAMSTER
Cloud Storage
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www.wamster.net

Request more info  Signin as Guest  Sign in

%WAMSTER Home Features  Articles News Blog Contact

AD HOC PHASOR MEASUREMENT NETWORK

Synchrophasor Wide Area Monitoring
over a mobile network.

& Portable phasor measurement units.

& No dedicated networking infrastructure needed.
& No dedicated server equipment needed.

& Negligible deployment costs.

® Online since 2010.

\ATS PR AR
vwamster

B Portable PMU devices _‘||| GPRS/Ethernet IEEE C37.118 link @ Deployment in 15 minutes

Lightweight. handheld PMUs with rechargeable STER PMU devices can use a custom, optimized All the equipment necessary to deploy a STER PMU

WAMSTER:2 Studio Elektronike Rijeka d.0.0. - www.ster.hr
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STERPMU

2010 Portable phasor measurement unit
= 4 voltage + 4 current mputs

= 3 voltage ranges: 150/300/1000V phase
= External clamp-on current sensors (1..3000A) 1
= Battery backup (>4h) ‘
= GPS, GPRS modules in set
2012

= 32GB flash memory, Harmonics,
Contmuous Waveform Recorder (CPOW)

2019
= GNSS, LIE, 200+ GB flash memory
= FEthernet connectivity for IEEE C37.118

WAMSTER:2 Studio Elektronike Rijeka d.0.0. - www.ster.hr
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STERPMU

Baseplate with magnetic fixture

No ventilation, any orientation

[
1L
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STERPMU-Rp

- Integrated design — - 100BASE-TXRH5
- Reduced footprint SZ! § RIEEE C37.118
~ LTE, GNSS . o)
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Projects 2010-2021

= CARWAMS, Croatia 2010-11,9 PMUs for University of Rijeka
= Zagreb 110kV, Croatia 2011-12, 6 PMUs, HEP (Croatian TSO, now HOPS)

= Hydro North, Croatia 2012, 4 PMUs for HEP (Croatian TSO)

= UMEME 24/7 Kenya 2012-13, 6 PMUs, Energynautics Germany

= NIAF AbuJa N1ger1a 2013, Bridging SCADA demo, KU Leuven

= RES assessment, Seyche]les 2014, 3 PMUs, Energynautics

= Dynamic React. Compensation, UAE 2014, 20 PMUs, TRANSCO

= INARNR Rijeka, Croatia 2015-19, 6 PMUs, troubleshooting, oil re finery

¥ Barbados, Caribbean Assessment of frequency and voltage, Energynautics
= Wind turbine R&D project, India 2015-16,3 PMUs, PDC, POSOCO

= 200 MVA Phase shifter validation, Croatia 2016, 6 PMUs, HOPS

= Dynamic modelling, Oman 2016-17,20 PMUs, TRACTABEL & OETC

= PFCmonttoring pilot, Croatia 2019, 2 PMUs, HOPS

= Modular Offshore Grid, Belgium 2019-20, 3 PMUs, Eliagrid

= ALEGRO islanding test, Be1g1um 20,3 PMUs, Eliagrid

" Crete-Peloponnese mterconnector Greece 2020-21,4 PMUs, IPTO
= Polar cruiser sea trial, Croatia 2021, 3 PMUs, PDC, Quark Expeditions

WAMSTER:2 Studio Elektronike Rijeka d.0.0. - www.ster.hr
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WAMSTER POSOCO Installation

KALADUNGAR
JAISALMER, RAJASTHAN

- 00N @G0 . >

., 069/33kV  33/132kV ®__

BT il @
| KAYATHAR TAM]L| ]
‘ NADU

| T _ IR
- = l x POSOCO'
| IEEE,
- NEW DELH]'
|
|

|v_%!

uuuuu

| —
' /

* Synchrophasors : WAMSTER POSOCO PMU data
|
|

PDC
= Waveforms

» Harmonics  “———-——=——-—"=———"—"——"————-——------=
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Dynamic modelling of Oman
power system (2016-17)

Capturing dynamics of Oman &
Transmission system |

Distribution load & reactive
power flow study

= 20 PMUs

= Mam mterconnection system &
Dhofar governorate (distance

to Muscat: 1000 km)

= Installation completed in 7
working days (4000 km)
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Crete —Peloponnese

mterconnection
= Phase 1:150kV AC, 2x200MVA (~2x140MW)
= Lines energized on 22/12/2020 (A)and 18/05/2021 (B)

BWAMSTER  DEVICES EVENTS GRAPHS EXPORT HELP

Vector type:

Time source:

e Historical |

2020-12-23 03:41:49

PMU #73:SKLAVOUNA-CHANIA 150kV c
0 U+: 86743.7V £-33.6° &
l+: 112.7A, cos : 0.06 v’

I REFERENCE DEVICE

PMU #74:CHANIA-SKLAVOUNA 150kV

Google
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On a polar class cruiser

MG2

2500 kW 2500 kw
2615 A 2615 A
900 RPM 900 RPM

DECK 01 MAIN SWITCHBOA
ERF MAIN SWITCHBOARD 2 (MSB

1255
4x3x6x120)

290A 335
4x3xg1x1 20 1x3)&1 x120)

GROUND CABLEH

(VESSEL SYSTEMS)

69%%4110\/ 32004 32004 =
1500KVA M3x(1x85)  [11%3x(1x95) 11 11x3x(1x95) ERF T2 ERF T4
" DECK ] - - 6I0V/440 690V/230V
PROPULSION | PROPULSION ROUND 500kVA 400kVA

(VESSEL SYSTEMS) S (s sysTEws)

M

3o

ROUND: CA
GROUND ; CABLE STEARING

(1) W GEAR STBD
9l

MDB2

CHILLER UNIT 1
CIRCUIT A
187kW

=am

2866A
EMC
18x(3x95)

GROUND CABLE

BOW B
THRUSTER THRUSTER 3 PRP MAIN MOTOR PRS MAIN '{LOTOR THRUSTER 2

800 kW 1000 kW 5000 kW 3000 k 800 kW

DECK 01,IMAIN SWITCHBOARD ROOM AFT | ' i DECK 01, MAIN SWTCHBOARD ROOM FWD
} ERA MAINSWTCHBOARD 3 (MSB3), 440V, 60Hz ERF MAIN SWITCHBOARD 4 (MSB4), 440V, 60Hz |
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On ap olar class crulser
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PDC-less pilot projects
MHE Zavidovi¢i1/ 2019
Small hydro plant (BIH)

DISlavonya / 2017
Cogeneration (HR)
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WAMSTER-2

Studio Elektronike Rijeka d.o.o.
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Islanding detection

<4mmmmmm)) Primary channel (IEEE C37.118)

s> Secondary channel (Mobile Internet)
<= User interface (Internet browser)

Q
o p

PMU - RES : ; ' g Access for
PMU - Distribution level authorized users
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Contact:

JsTubDio
ELEKTRONIKE
() RIJEKA

Dalibor Brnobi¢
Mob: +385 98 98 69 662
E-mail: dalibor.brnobic@ster.hr

STER Itd. Croatia — [Studio Elektronike Ryjeka d.o.0.]
Radmile Matejcic 10, HR-51000 Riyeka

E-mail: ster@ster.hr info(@wamster.net
Web: www.ster.hr www.wamster.net
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Thank you!
Questions?
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