Real-time power grid fault detection
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Motivation: Faults in power systems cause Typical measurements of data (measurements af Bus 637 with The functions J considered in a study:
excessive currents and DOSE SOfeTy threats to phase A fault Clpplled at Bus 632, the first 0.3 seconds after the
oeople and property, and even cause major fault): Name F(X @k, 1))(Ei) Definition
fires. Traditional statistical/machine learning fault 2 5 = — = 51 2 - — Mean Xy 1 1) The average of observations
de’rec.’rion methods use high fQUH C.UITeﬂT EE: DEE RS - SQMean ﬁ(b’,é’,f’) The average of the squared observations
mognl’rude and current flow direction. :lla ) 0.15 1 50 4 - Range max (X 1/, ¢7y) — min(X s s sy)  The range of observations
|n'|'egrgﬂon of inverter based (So|0r, W|nd) D:E _ r EEIE | ED.D ) I Median median (X g7 7)) The median of observations
distributed energy resources reduced the . — o - 50.0 - — | . 5 |
effectiveness of the tradifional methods. 3.0 - 0.12- - To combine the squared differences { Vi w5 (%)}~ into suitable
: : . 2 8- 0.10- o real-valued statistics, we considered three methods, which
Objec’rlves.. | | = 26- L En_ne- o 59.0- esult in Vmean(ti) , Vmedian(ti), and Vtrunc(tz').
* Propose statistical fault detection methodology = g.g_ T e ' S e1s - , ,
applicable to high-frequency data streams that = 57 - = 014 [ = 1; Define the fime of the fault as
are becoming available in modern power grids; 26- ﬁ% Zn tr =min{t; : Vitats(t;) > 7(¢5)},
. &0 11 - e
- Develop fast, fully data-driven and scalable 2.4- 0.10- N - AL where 7(%;) is a threshold that is adjusted in real time.
algorithms that are adjustable for different 0.0 o Threshold determination:
phases combinations of voltage, current, and 26" 0.2 Egﬁ W _ o ,
frequency measurements. 2 4 - IR AR, FQ £ - nere are several tuning parameters like I, p, Vstats, /- For
5 5- U1 0 0 - threshold formulas, we considered
10.0 16.1_ 102 103 10.0 “III;.“I_ 102 103 10.0 *III;.“I_ 102 103 (1) 71(t;) = 3maxy ¢y, (1,) Vstats (t5):
Data (IEEE 13 bus feeder) Time Time Time (2) m2(ti) = matheumgstats(t;) + 32%1%611(%}) Vstats(£):
. . . 3 ti — - : sast + 3 : - s-a,st‘
The data is provided by National Renewable Challenges (3) T(ti) = maxs,er, 1) Vatats(t) tienw) Vatats(?)
Egﬁgggréqrgogrgg%%%ngb)ﬁgsgll% qgrfc;l/\ggr;qnd - Data is measured iregularly around every 0.002 seconds; where 1,(t;) = {t;: ti =1 <t; <ti1}.
specified times and locations within a grid. e Different variables are measured on different basis;
The general structure of the IEEE 13 bus feeder: * Multiple streams of data (12x6=72); Results
Power Station @) 650 « Some faults causes minor/almost none effect to some variables; , , , ,
. The proposed methodology should be derived using non-fault First, we evaluated the me’.rhodology on the simulafion without
Tfaﬂsfbﬂmf/éa’v data as generating faults in real life is expensive/nearly impossible. a fault. We recommend using |
646 645 632 633 634 Methodology l :,0'25 > P :,0'95’ and Vstats = Virune with ¢ = 0.1
._._._._} E_. Reqularization: Resulfs on simulation without a fault:
_ : 1 e Table 1. Counts of false detections over the simu-
'he regularized value of variable (b7,k7, f7) Is calculated as lation with no fault using settings (8). The last col
5 ) umn shows the count of false detections over the
° a o] - N th — Xt? for tﬁf —a <1< tJ‘T* whole length of the interval (35s) which contains
with d — 0.002 35 - 500 = 17, 500 regularized time points.
Normalization: / T Count | J T Count
652 @ 0 We have regularized observations X i £(t;) . Compute the Mean ] 0 | Range T 0
sample mean and the sample standard deviation over the time izzﬁ i 2 %zﬁig ™ g
. rodt;, — [ <t: <t;—(1—mp)l.The normalized value i lculat o > 3
Due to feeder connections, we use 6 buses data: gse oa =1S (1=p)l. The normalized value is calculated i’i:eg?a“ E 2 g%i catl Tl g
650, 632, 634, 671, 675, 680. At each bus, we N | secian T ‘ iean Tz
have measurements of 12 variables: voltage (in Z iy i ff)(tz') _ X(b’,k’,f’)(t@) m(X(b’,k’,f’)(t@)). Median 73 21 | SQMean 73 21
kilovolts), current (in kiloamperes) and frequency " SD( Xy i ) (t:)) Results on simulations with faults:
(in hertz) for phases A, B, C, and three-phase. . . ‘
Table 2. Fault detection evaluation over 55 simula-
. . . . Movina window detection algorithm: tions with a fault using setting (8). Results are pre-
For this STUdy' 55 different simulations of faults - 5 ST J sented for the combinations of f and 7 that showed the
were conducted. In each simulation, different Set difference statistics as bost results in Table 1.
fypes of taults were applied to 9 different o I x ’
locations. The tault was applied af the beginning Vi w5y (t) = | F (X k) () = F( X i, ) (Ed) | f 7 False detections  Correct detection
of second 10 and the simulation was running for , o , T M 0 100
another 5 seconds. Additionally, one 35 seconds where f is some function computed from the trajectory using the M:E 11 X 0 08
simulation was generated without the fault. pointst;, such thatt; — (1 —p)l < t; < t; (the first interval) and f is Range 71 0 1.00
the same funcfionon t;—1 <t; <t;—(1—p)l (the second interval). Range - 0 1.00
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