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What is openXDA?

 Open source analytics for COMTRADE files

« Currently analyzes waveform data for fault
location information

* Architecture allows for other analytic “plug-
ins”.



What is openXDA?

openXDA is an extensible platform that automatically
processes and analyses event files from disturbance
monitoring equipment such as DFRs and power
quality monitors. openXDA runs as a back-office
service watching for new event files (and/or changes
in event data within meter polling databases).
openXDA produces emails and raises alarms based
on meter data quality and/or the nature of the system
event that triggered the meter. Among the automated
functions provided by openXDA is determination of
fault type and location.



Why use openXDA?

We have automatic DFR record retrieval. Data
Is just waiting to be analyzed.

Field devices (DFRs and relays) typically use
just one algorithm to determine fault location.

* Independent fault location calculation, i.e.
more diverse sources of fault locations.

 Research into performance of various fault
location methods for different fault types.



Dominion Traditional FL Method

Step 1

 Download event records and fault summaries from DFRSs,
TWS, Digital Relays

Step 2
» Check for lightning correlation

Step 3

* Open event records in viewer and perform manual FL
analysis

Step 4

- Compare all results, use engineering judgment to
determine best FL to provide to field personnel



Dominion Traditional FL Method

Step 3

* Open event records in viewer and perform manual FL
analysis

This step takes largest amount of time (assuming
Step 1 is automated), but it is critical to getting
good FL results, especially when:

 DFRs and/or Relays fail to auto-calculate FLs
- DFRs and/or Relays fail to auto-calculate FL in fault window

* FL algorithms in the DFRs and/or Relays have significant
errors under certain fault types or conditions



Dominion Traditional FL Method

openXDA can really help automate the manual process of Step 3

Here is our manual process for Step 3:
« 3A: Open event record(s) in viewer.
« 3B: Identify and select the faulted waveforms:

| Faulted Line: Line 183 (Bristers to Ox)
...... Ladng | Fault Type:  Phase B to Ground

Additional information:

* Faulted current waveforms are
growing throughoutthe fault.




Dominion Traditional FL Method

3C: calculate a FL using one algorithm at a specific point in the fault window
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Dominion Traditional FL Method

« 3D: use all available algorithms to produce FLs at the same point
[Currently 3 algorithms available in WaveWin]

angle Ended Fault Location Calculator &

adial Line Method | Reactance Method I

Input
Magnitude [Ohm] Angle [Deaq)
W Channel Humber: I 9 vl Zl = |1 1.923 ISD.?34 [ Pogitive Sequence Line Impedance |
| Charmel Muriber: I E vl Z0= |33.9?E IE?".2B4 [ Zemo Sequence Line Impedance |

|Nutes: rCalculated YWalue
The Fault [Z_alt:ulalul uses a single Magnitude Angle |
ended algorithm. The algorithm Vi= | BE847 | 294376 [Voltage Phasor (3 Data Bar )
accuracy is best when the faulted
line is radial and the error due to = [ 136913 [23a278 [ Current Phascr @ Data Bar |
fault resistance and load flow is
s el et sl zi= [ 0415 [ Eoo [ Fault Impedance - [ VF / 1F]]
Pleaze select the faulted Yoltage .
and Current numbers from the drop KO = I 0631 I -20.54 ([20-211/[3*211)
down lists. Then enter the Positive o
and Negative Sequence line Zloop = I 19.145 I 728 [ Radial Line Loop Impedance )
Impedances. [Z1[1+kO]]
Press "Calculate™ to run the

\Algorithm or "Refrezh™ to read the
Woltage and Current ¥Yalues at the
data bar.

Fault Location: I 1.968 Z [[Im[Zf 4 Im [Zloop] ] <100 ]

Refrash | |Ea|cu|ate| Close |

Line Length = 100 | Voltage Ratio = 400.0 /1.0 | Current Ratio = 400.0 /1.0

Ex: Reactance Algorithm 1 =1.968% * 23.54 miles = 0.46 miles from Ox



Dominion Traditional FL Method

« 3E: repeat steps 3C and 3D using different points along the fault

Point #2 Point #3 Point #4
w»wr fwa \fwa/af
— p— Jﬁg\f"ﬂrﬁ —

| g | I

Alg1=0.21 mifrom Ox Alg1=0.41 mi from Ox Alg1=0.50 mi from Ox
Alg2 = 0.51 mi from Ox Alg 2 = 0.49 mi from Ox Alg 2 = 0.60 mi from Ox
Alg3 =0.32 mi from Ox Alg 3 =0.39 mi from Ox Alg3=0.42 mi from Ox
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Dominion Traditional FL Method

Point #1

Point #2

Point #3

Point #4

Alg1 = 0.46 mi from Ox
Alg2 =0.42 mi from Ox
Alg 3 = 0.36 mi from Ox

Algl=0.21 mi from Ox
Alg2 =0.51 mi from Ox
Alg 3 =0.32 mi from Ox

Alg1l =0.41 mi from Ox
Alg 2 = 0.49 mi from Ox
Alg 3 = 0.39 mi from Ox

Alg1 =0.50 mi from Ox
Alg 2 = 0.60 mi from Ox
Alg 3 =0.42 mi from Ox

Ox DFR Auto-FL =
Ox SEL Auto-FL =

3F: Use engineering judgment to compare all results and find the best FL

0.41 mi from Ox
0.70 mi from Ox

Bristers DFR Auto- FL = 3.21 mi from Ox

Bristers SEL Auto-

FALLS correlation
TWS Auto-FL =

%

FL = 3.51 mi from Ox
= N/A
N/A

Best Fault Location
0.42 miles from Ox

Report this location
to SOC & Lines Crew



Dominion Traditional FL Method

Problems with this manual FL process:
« Takes time, 15+ minutes, to collect all results for analysis

« Small number of results
* Only 3-5 algorithms used. We have identified 9+ FL algorithms

openXDA is designed to calculate fault locations across an
entire event record with all available FL algorithms,
automatically

Instead of spending time making results, spend that time
(or save that time) by analyzing the fault with all the
results



openXDA - FL across entire record

Fault Curves with all algorithms

 Instead of picking a few points in the fault window, openXDA will
calculate the FL (with all algorithms) across the entire fault window

Substation A DFR - Line 2 openXDA Result
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openXDA - FL across entire record

1. Provides as many FL results as possible

2. Can be used with all available algorithms, and any future
algorithms developed

3. Can help identify when algorithms should and should not be
used (or which algorithms should be avoided entirely)

Substation DFR1 - Line 3 openXDA Result

3
A
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S u b 15 \ = Takagi
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openXDA - Automation

openXDA will produce these FL results automatically

* The application watches a folder, and any new Comtrade file added
to the folder or subfolder will be detected and processed by
openXDA

It will go through all line groups in a file and look for a fault

 |If a fault is detected on any line, openXDA will run through the
calculations on the faulted lines and produce the FL curves

« Data is saved to a SQL database, so plots can be made with Excel

« But that took time to plot in Excel...
« So we dreamed up the idea of having an openXDA COMTRADE
Results File

— For any line that a fault is detected, take the original waveforms and the FL
curves and create a new COMTRADE file



openXDA — Results

openXDA
COMTRADE
Results File

It A5E sty A riks
|| SCTLMD MECK 126 EAN E7.967 126.316° -B7.290 kalt
| SCTLMD MECK 126 EEN E7.0B2 8600 92,819 kW alk
SCTLWD MECK 126 ECH 52050 246.090° -29E644 kfalt
SCOTLAMD MECK 126 1a 0143 131.498° -0.1E5 kAmps
SCOTLAMD MECK 126 1b 0.09z2 3388117 0.0A kamps
SCOTLAMD MECK 126 1o 2203 177814 3082 kAmps
Fault Location [Simple Algarithm) 17.847 208,409 16880
Fault Location [Reactance Algarithm] 17.577 193.447° 17.680
Fault Location [T akagi Algarittim) 17.510 173.288°  17.280
Fault Location [ModifiedT akagi dlgorithm 17,629 2014417 17360
Fault Location [MovoselEtl Algarithn) 17.480 170.248°  17.720
A Fault DetectedB0 N M 184317523287 18:4313093350 004
: M BN Fault TwoeE0D MM 18:4317.937095 184917938310 002
n A CM Fault TvoeB0 MM 18:43:17 523287 18:4317586295 002
1 M AB Fault TwoeBD MM 18:43:17.938310  18:4317 964347 004
1 M ABC Fault TppeB0 MM 18:4317.954626  18:4918.099350 004




openXDA — Results

CH [« « | _ l=l=] Title RM3 Phase  Units  Instval  [o]X]
1 141242436 357.914°  vohs 200365965 =
2 133022221 243872 wohs  -GO0492.956
3 | 102722607 107333 wobs  -36451.430
4 967,949 285623 amps 645724
5 647 574 144 655°  amps 706130
3 7222081 TRATDC amps 2337743
7 B790404  74.6EZ° 2617.072
8 R — Sirmple 5730 145,797 5730
g '_i_—“_h' Reactance 5672 159.892* 5659
10 '%—___‘ Takagi 5 674 167.210° 5 561
11 '_:l—_‘ ModifiedT skagi  5.435 150.088° 5,461
12 ':T—___‘ Movasel 5617 167.323" 5 505

[13] : Erikssan 0.000 0.000° 0.000

) - 'E.E'.% i '37R eI "azs
] 5 (Rt |\ nnams anae -
Idylwood DFR 1 Wed - 18/03/2015 00:10:20913333 | Delta X: 272.708 ms (16.362 cyc @ 60 hz) [fs: 5760728 Hz |AS: Units




Evaluation Case 1 = Line 126

Fault Type =

Phase C to Ground

Actual fault location = 18.50 miles from Earleys
Traditional FL result = 17.70 miles from Earleys
openXDA FL result=17.75 miles from Earleys

21
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Earleys Substation DFR1 Line 126 openXDA Result
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Evaluation Case 2 = Line 247

Fault Type = Phase A to Ground
Actual fault location=  0.58 miles from Suffolk
Traditional FL result= 0.40 miles from Suffolk
openXDA FL result= 0.48 miles from Suffolk

Substation DFR1 - Line 3 openXDA Result
3
\

2.5 - —

2 1 I

Distance Simple
—Reactance
From Sub ! Faen
(m i Ies) — ModifiedTakagi

NovoselEtAl

1

0




Evaluation Case 3 = Line 271

Fault Type = Phase A to Phase B
Actual fault location = 0.83 miles from Fentress
Traditional FL result= 1.00 miles from Fentress
openXDA FL result = 0.70 miles from Fentress

Fentress Substation DFR1 Line 271 openXDA Result

6

5 \\
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4
Distance from \ e
Fentress 3 Takagi
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Evaluation Case 4 = Line 2034

Fault Type = Phase B to Phase C

Actual fault location = 1.39 miles from Trowbridge
Traditional FL result= 1.56 miles from Trowbridge
openXDA FL result= 1.60 miles from Trowbridge

Substation A DFR - Line 2 openXDA Result
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Evaluation Case 5 = Line 2118

Fault Type = Phase C to Ground

Actual fault location = 4.24 miles from Landstown
Traditional FL result= 3.37miles from Landstown
openXDA FL result= 3.41miles from Landstown

Landstown Substation DFR2 Line 2118 openXDA Result

8
7 \
Distance s
F rnom Simple
5 B
- Reactance
Landstown |
. Takagi
(mile) [ ——ModifiedTakagi
— — —_— / NovoselEtAl
3 —
2 T T T T T T 1
1335 1385 1435 1485 1535 1585 1635 1685

Time .



openXDA - Future

Work to do

Integrate results with the 6! Man reporting system

Research into best placement in waveform for accurate locations
— Which part of the fault waveform is best for accurate results?
— Statistical analysis over a window of measurements or pick one really good
place to do the calculation

Research into best algorithms based on fault type and/or operating
conditions

— High impedance faults
— Weak source
— Radial / network conditions

Get other utilities participating in developing openXDA further

— This work benefits everyone (that wants to take advantage of it)

23



openXDA - Future

Extensible is the key

Double-ended FL Algorithm

Any new algorithms identified/developed

Automatically choose only the best algorithms based on OE
Automatically read DFR config files for line groups

Create a report with screenshots and statistical analysis

Extend beyond just FL. Any triggered COMTRADE record could
inform you of something significant, such as a pending failure

— Harmonic analysis

— Waveform recognition (ex: failing CCVT)
— Transient analysis

— Oscillations

24



Manual calculation — easy example

|

NEG

SEQ

VALVED

‘ R. ORNDOREE. J.II 2014
|85 Live
L|_: 53 SL/ ml'lcj _
= 30719+ 1116l = V1,435 & 79.5285 (fs 58 2)
- Ns = Beismds
M= (MH‘J I'_S ‘|'Z~ IF_';) !J-:% = ‘QR
Zy (Ilﬂj rff’f:)

m = C1a6028:04] = [830£ 1457 + (17435274 3233] [10.58 210515

e

[17,435479. 51,?3]([ 382, 57210, za} 4 T16¢.5% 2105, ﬂf/

M = 2900 = Gi_ﬁ_-é_é;_
| 352006 L. —[T6 005"

m= €% 0.095566 L 14 03517 x 7354

M= 2014 £ o3

=

25




Double End Fault Location

Inputs: Results:
M agnitude Angle M agnitude Angle Location Based on
zL [17.43 79,625 F.Loc: [0.0852 141227 2008 LEzzni s ienothi
. ] Fault Location on AC Transmission and
LL: |23.540 Miles Seq & Megative ( Zemo " Positive Distribution Lines (Eq 15)
Calculate | Befrezh | Cloze | Vectarz | Show Al - 4}0 | & ‘ ik
131209,063304787. 5t RO7 -Bristers APPE Dominion, F 4639, dat m
Chan RMS Angle Magnitude Angle 120 -
|45 | e [E6224.443  [328.455 w0 [1442.2442  |97.6757
|47 | ve [64034151  [204.449 1 [65196.8254  [327.2877 150
|48 w| v |B5443569  |G5.653 w2 [1964.4426  |334.6170
|42 w| e [367232 |3365F7 o [471.5272  [191.2080 180
143 ~| 1B |1632083  [198.963 11 |798.9446  [328.3640
|44 ~| IC [455.283  [115.992 |2: 3825448 [68.8950 210
Fiotation: E Values: |RkS -
240 300
Voltage Ratio = 1000.0 / 1.0 Current Ratio = 2400 /1.0 | LL= 23,540 2f0
131209,063304862.+0t R23-0x #3 APPEO1 Dorinion FO0EY. dat m
Chan RMS Angle Magnitude Angle 120 -
|1 =] e [Eesggze 326514 W0 (2985899 [115.2852
|2 | vB [EGIESEOE  [206216 W1: |BE351.4850  [326.1768 150 30
|3 «| vro |6BO0S.285  |86.738 vz |B3zE701 |342.9537
4 | & [80.111 310,548 0: [6B.5338  [189.3915 180 —f - -- - - e 0
5 =| B |30834  |186.867 n: [177.7938  [301.1729 5
& +| ic[1580  [35580 2 16533 [7a7e2D 210 : VP
Fiatatiorn: E Values: |RMS - '
240 300
Voltage Ratic = 1000.0 /1.0 Current Ratio = 240.0 /1.0 LL = 23.540 270
AS OFF Multiplier: 1 Scale: 91




So many algorithms...

Table 1—Simple impedance equations

Fault type Positive-sequence
From impedance equation (mZ,; =)

a—ground Val (Ip+ klg)

IEEE C37.114 b—ground V! (Iy+ klg)
c—ground Vel (I + klg)
a—b or a-b—g Vo ! Ly,
b—c or b—C—g Vi ! I,
C—a oI C—a—g Vo, I,
a-b—c Any of the following: Vg / Ip. Vi /

Ipc. Veg / Icg

4.3.1 Simple reactance method

ImlZ,;)
IEEE C37.114

For the line-to-ground fault (a-g). the calculation would be as shown in Equation (7):

V
m = Im & Im(Z,;)




So many algorithms...

Takagi Method
From
IEEE C37.114
. Im(V Al )
Im(Z,I.AI,)
Modified Takagi Method
From
IEEE C37.114

Im(V, Iy e 7#)
Im(Z,, I, I e 7F)

n =




So many algorithms...

From

IEEE C37.114

Single-Ended Novosel et al Method (from C37.114 Standard)

oy Equation 2-12
E/G—ETbkil:tJ(a—eb] —4[.1'—&] quation

The constants in Equation 2-12 are complex multiplications of voltage and current recorded at
the substation, transmission line impedance, load, and source impedance. They are defined as

follows:
¥V Z,
G 4 —feadl 1] =a+ jb
a,zu 1. Z )
zr
V. (1_!_ ..cam'.l] = +jd
zLI.IG'a £ .

7.+ 7
[r] '1 } Load 1 &5 =E+I'lir
z, I, Z . :

Ll L1l

Solving Equation 2-12 results in two distance estimates of m. The value of m which lies between
O and 1 pu is the estimated distance to the fault.




So many algorithms...

From
IEEE C37.114

Single-Ended Eriksson et al Method (from C37.114 Standard)

If the source impedances are known, the fault location can be accurately estimated withowt assumptions,
One method discussed in Enksson, e al. [B2] substinies Equation (4) in Equation (). Since the curent V. =mZ..I.+R Al (4)
distribution factor ds is a function of the source impedances. the line impedance. and the unknown fault @ o F

location m. a quadratic equation follows: *

nt -mk +k -k R, =0 (12}

Where (S )
ky, bz, and k; are complex functions of local voltage, current, and source impedances do = ,ilfG _ ZH + {1 - }H)ZL _ |d |£}5‘

By separatng Equation (12) mto a real and an imagmary part, one has two equations with two unknowns, g I F Z gt Z Lt Z G s

m and Rz. The per unit distance to the fault m can be calculated by eliminating R and solving for m.




So many algorithms...

Double-Ended Fault Location Method (from C37.114 Standard & Amir Makki)

m = (Vs —Vies + Zles) / Z; (Ins + Ies)

- |
Vs | mZ, Vv (1-m) Z, | Ves
E —
| — -
Iey Ies

Figure-1; Fault on a Transmission Line with Near and Far Sources
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