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Applications

Providing Dynamic Information
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Steady State Model Synthesis (SSMS)
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lllustration Example: Model synthesis of sample active

distribution network

Event 1: A lateral MV feeder disconnects at Node 834 att =40 s

Event 2. A wind farm generation of 1 MW (0.2 p.u.) disconnects at Node 854 att =70 s.
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lllustration Example: Model synthesis of sample active
distribution network

True phasors vs Reproduced phasors at PMU 1 and PMU 2

_ 1ﬁ U L U L L L 1 1 : I T T T
S T MVWIWWIRTTWIAVANAAAAY) - true
S g=0.00022pu.  €=0.0027 p.u. €5=0.00025 p.u. 3 T e
s ® Pl & P £ 0.955,0,00068 p.U. €=0.0029 p.u. reproduced
0.95- r r fﬁﬁfmwm g
40 50 60 70 8 % 100 T 50 60 0 8 90 100
U L U L Aeda 18
3 0.4-2,=0.0019 p.u. e,=0.0119 p.u. . true - 5 0.355 0 L 6,20 000L32 ou : 93:060022 p.U. L
SO03GemM = reproduced | g -~ "
T 02p T TTTTER000059pu. : ¢ 031e=000021pul, - r r r .
40 50 60 70 80 %0 100 40 '50 60 70 80 % 100
-1.15 T T T T T T
g 0.00016 rad g '1-15WMMWMW
S e,=0. rad. £ - L
< 2ez000029rad. &=0.00032rad. SRR A UL [ Ry Sy ’
40 50 60 70 80 90 100 5 50 60 7 0 % 100
-1.5 T T T T , , . . . .
ol e,=0.0086 rad. €5=0.0031 rad. 5 -L.8wwe .
ST skstasniges A g £, eq00166rad.  e=0016rad.  e=0017 rad.
° 25 91=0.001 r r i ® 29 r r r r f T
40 50 60 70 80 90 100 h 40 50 60 70 80 90 100
Time (sec)

Time (sec)

True phasors vs Reproduced phasors at PMU 1 True phasors vs Reproduced phasors at PMU 2

The end-to-end TVE is less than 3%.

Submitted to IEEE Transaction on Power Delivery (2" review):
F. Mahmood, H.Hooshyar, L. Vanfretti, “Real-time Reduced Steady State Model Synthesis of Active Distribution Net
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Dynamic Model Synthesis of Distribution System
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Centralized vs decentralized architecture (local
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Centralized vs decentralized architecture (better observability)

Decentralized Mode Estimation

Better observability of local modes by using Decentralized Mode Estimation Architecture!
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More information to appear in IEEE PES General Meeting 2016 in Boston:
R. S. Singh, M. Baudette, H.Hooshyar, L. Vanfretti, “In Silico’ Testing of a Decentralized PMU Data-Based Power Sygtem: A

Mode Estimator” o
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Voltage Stability Analysis in Distribution Networks
Computatlon of stability mdu;ators based on real-time measurements and equ:valent models.
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Three different PV curves are calculated from the three models.

The voltage stability and instability indices are calculated from these models to indicate the
contributions of two networks on the voltage stability.

PMU2 PMU1
L s 1]

Vs

[l Only transmission network B Only distribution network

\ Operatin? Point
%% MTP-Point
\§‘/ \(l—VSI,o,a,) — gl—V - )+(1 VSIW,,S_)
E VIS‘I:‘,M VISI dist. VISI trams.

Pl /
E Operational Limit
/ I Effects of both networks are included

B only distribution network VS I = Voltage Stability Index
[l Only transmission network

»

Active Power VI S I = Voltage Instability Index




ideal grid for all sLIDE13 @ o

LABVIEW Application

Real-time simulations results for aggregated
load (LV network) seen from PMU22:

A. all distributed generations inside MV network
are connected

B. all distributed generations inside MV network
are disconnected
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Feeder Dynamic Rating Application for Active Distribution Network Using
Synchrophasor

Dynamic line rating (DLR) is a way to optimize the ampacity of transmission and distribution
lines by measuring the effects of weather and actual line current.

« |EEE 738 Standard: Can be used to calculate conductor line Ampacity and Conductor
temperature if conductor material properties, ambient weather conditions and actual line
current is known GPS Time Source

« State Change Equation: Relates two different states of an overhead conductor. The values of
conductor temperature and corresponding parameters in one state can be used to estimate the
conductor temperature in another state.

« Kalman filter: A filtering technique that uses a series of measurements observed over time to
produce a more precise estimate. Gives a more precise estimate of conductor temperature.

Conductor
data from datasheet

Real-time data l Kalman Filter Real-time ampacity calculation

Real-time measurement
—of Sag from GPS receiver:
(~1 sample/min)

State Change | Temperature  (~1sample/min) |
Equation {(Kalman prediction) Ambient data

from weather station
(~1 sample/10 min)

¥ (~1 sample/5 sec)

Conductor temperature Kalman filtering —Conductor temperature ———————»|
for initialization IEEE 738

* _ Conductor data
Real-time line loading ! from datasheet 1
——(current phasors from PMU)— _
(~50 sample/sec) Real-time ampacity
Ambient data from Temperature (~1 sample/ 5 sec)
weather station IEEE 738 —(Kalman prediction) l
(1 sample/10 min) (~1 sample/5 sec)

T Kalman correction

——Conductor data from datasheet—
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HIL Setup
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Synchrophasor data
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LabVIEW application and sample results
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Event 1 l Event 2

Event 1: Outage of a line.
Event 2: Outage of a wind generation (more power t be drawn from the grid).
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Adaptive Auto-Reclosing (AAR)
» The proposed AAR scheme is capable to:

» Firstly, in the case of single-phase faults discern between temporary and permanent

faults. This is done by considering the voltage phasor of the opened-phase (shown
below).

» Secondly, in case of temporary single-phase faults, recloses when the secondary arc
extinguishes (when TVD backs close to zero).

» Thirdly, in the case of permanent or non-detectable faults, reclose only when the
healthy part of the network is able to tolerate another reclosing attempt. In this case
the Stability and Thermal indices are calculated based on the PMU’s outputs.

CB .
30 : S0 Line
. Permanent 1-phase | Temp. 1-phase fault y
fault Secondary arc

10 b 10 /I

= =
= lﬂ . S5 W«L / AAAAAAAAA AAAAARARARARAR
5’0 UU % UUV VIVTVVVVTVUVYIYY
glO >-10 Arc extinguished ° :t

-20 -20

= Secondary arc
=0 =0 J_ or permanent fault
0.6 0.8 1 1.2 1.4 0.6 0.8 1 1.2 1.4
Time(s) Time (s)

to determine the difference between two consecutive measured phasors, a total vector
difference (TVD) index which is defined as:

| (VoA D) =V (1) 2= (Vi (1) =V i (1)
TVDy, = Vor(0)*+V gi(n)°
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Results

Case Study: Occurrence of a single-phase fault at t = 0.7s.

The TVD index during and after the fault: The voltage of the faulted phase and the CB status:
x 10*

9% J _ 3 —— Opend phase voItageO/o)

80 == === CB Status (1:close)

70 2 Fault Detected

60 . .

Arc extinction oo
. 50 Arc extinction
=3 o ana A AAAAAND
g dr \ 1 ATV TVVTTTTTY WLj
= 30
\ Arc extinction
20 detected

D L ...l.er:':[,_#.q_. ........ 1....

Threshold (5%0)

Fault occurrence

» Before the fault occurrence the TVD is close to zero.

» After fault, its value goes up dramatically.

» Finally, after the arc extinction TVD backs to zero.

» The proposed method send the close command after the arc extinction.

oooooooooo
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Proposed Method and Implementation

STuTated power o= OPAL-RT
system Relay
i TB Drmml_“gbml Momm,ln:‘":logpﬂnplr;;enc:fn Issuing the reclosing
i R AT command
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P ‘ Providing information on different
i s Bt por considerations:
i ' *  For 1-phase faults, whether the
A Ethemetport | | Ethernet port | [ Ethernet port
#@ T fault cleared.
mooss AT kL SIDK [+ PNIU applcatons * For 3-phase faults, whether the
RN AT b command sion |_monsorig system operating point is far
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(in case the fault is not cleared).
U * For 1-phase and 3-phase faults,
The study network and The schematic diagram of whether the conductors are

PMUs placement the HIL Setup cooled down.
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Thank You
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