Historical ELCID
trending and analysis

Ryan Harrison, P.Eng.

Sr. Electrical | & C Engineer

IRIS Rotation Machine Conference
May 8, 2018 | Long Beach, CA

ATCO

ALWAYS THERE. ANYWHERE.



Overview ATCO

» Background

* Challenges with ELCID trending/analysis
 The anatomy of a digital ELCID file

* Trending challenges
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Background ATCO

 ELectromagnetic Core Imperfection Detector (ELCID) is a low
excitation test to assess core health

* Wide Industry acceptance




Background
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Insulation breakdown causes fault currents to be set up as
Illustrated. These fault currents (Foucault, 1851) create hot
spots which can cause further deterioration to the core.

If left unchecked, this can lead to damage to the stator core,
windings and the machine as a whole.
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Background

Chattock Potentiometer
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The Chattock Potentiometer measures the Magnetic
Potential Difference (m.p.d.) between its ends

Courtesy of IRIS Power
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Challenges ATCO

* Setup differences

 Core length

Depending on the operator and OEM vs. non-OEM, different core
lengths are often used. This leads to scaling issues In the traces and
makes exact positioning a challenge.

The operator also has the option to select the “start” and “end” position
of the test which creates offset issues if not done correctly.

« Polarity

The orientation of the chattock coll, and the orientation of reference
transducer can lead to inversion problems with the signals.

 Slot Numbering
Clockwise vs. Counter-Clockwise



Challenges ATCO

* Trending areas of interest

Results are often standalone and on various scaling in the report.
This makes assessment of areas of interest more difficult and in
some cases more judgement based. In addition the digital files are
not often retained by the site/tester which has valuable information

such as phase current.

o Software

The owner doesn’t necessarily have the software to read the digital
file; It Is free to download but can be difficult to convince IT to let
you install it. Furthermore the software is needed to export the
values to a usable format, but only *.csv Is available.



Challenges ATCO

* Filtering
The raw data files have noise, and filtering is applied to the final

reported results. While not necessarily a problem it can be valuable
to look at the raw data.

 Duration Between Tests

Depending on the machine, the duration can be quite long. Results
can be lost over time which is important for establishing baseline
values and fault tracking.



The anatomy of a digital ELCID file

<?xml version="1.0" encoding="I50-8859-1"7>

<TestData xmins="http://www. adwel.com">

<MachineParameters>

<Date>06-1un-2010</Date>

<station=Battle River</statiomn>
<UnitNumber=xBR-5</UnitNumber>
<Manufacturers=Hitachi</Manufacturer>

<Power>376000000. 000000</Power>

<PowerMeasur e>Mw</PowerMeasur e>
<voltage=21000.000000</voltage>
<voltageMeasure=kv</VoltageMeasure>

<Len§ nofCore>5. 600000</LengthofCore>
<NooTs1ots>54</Noofs]ots>

<Rotationspeed=3600. 000000</Rotationspeed>
<Installationyear>=1981</InstallationyYear>

<Comments=Mfg# 162141-1 core factor = 0.9152</Comments:>
<EXcitationTurns=4</ExcitationTurns>

<ExcitationCurrent=5. 300000</ExcitationCurrent>
<MeasuredsingleTurnvolta e>29.440001{/Measuredsﬁng1eTurnV01tage>

ot et Unit Data (Entered by Operator)

<MachineType>Turbo</MachineType>

<Phasing=3 phase</Phasing>
<CoresplitLocations></CoresplitLocations>
</MachineParameters>

<TestParameterss>

<FirstTestslot=l</FirstTestslot>
<LastTestslot=5%</LastTestslot>
<Timebase></Timebase>
<SlotNumberDirection=Increasing</slotNumberDirection>
<scanning=Alternate single scan</Scanning=
<PositionCounting>=Encoder forward</PositionCounting>
<StartPosition=0.175000</5tartPosition=
<ReturnPosition=5.260000</Returnrosition=
<Remoteoperation=Enabled</Remoteoperation>
<StartEnd=Exciter</startEnds>

<Frequency=60. 000000</Frequency>
<FrontPage=</FrontPage>

</TestParameters>

<5lotData slot="001">

D Slot Specific Data

<Forwardexciter=
<Range>4A</Range>
<SpuPhaseData>084A</5puPhaseData>
<SpuCalbata=093D</SpuCalbata>

<Quad-0, 0, 0, 0, 0, 0, 0, 0, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, 0, O, 0, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 0,o0,
15, 16, 15, 15, 16, 15, 15, 15, 15, 15, 15, 14, 15, 14, 13, 14, 14, 16, 15, 16, 15, 0, 19, 18, 19, 19, 22, 22, 20, 26, 19, 22, 24, 24, 25, 25, 24, 26, 26, 27, 27, 28, 27, 28, 27, 28, 28, 27, 27, 27, 25, 0, 26, 23, 23, 20, 22, 21, 20, 20,
16, 16, 17, 17, 17, 17, 16, 16, 16, 16, 17, 14, 15, 15, 15, 14, 14, 0, 14, 14, 12,11, 11, 9, 10, 9, 10, 9, 9, 9, 8, &, &, 9, 8, &, &, 8, 7, 0, &, &, 7, &, 10, 0, 14, &, 8, 10, 11, &, 12, 12, 12, 11, 12, i1, 11, 13, 14, 13, 13, 132, 14, 1
1,11, 10, '11, 11, ‘11, "11, 12, "1, 012, "1z, 012, 12, 12, 12, 13, '13, 13, 13, 13, 13, 13, 13, 14, 14, 14, 14, 14, 14, 13,13, 13, 13, 13, 13, 12,13, 13, 13,12, 12, 12, 13, 12, 11, i1, 11, 11,11, 12, 11, 11, 11, 10, '11, 11, ‘10, 11, ‘10, 10
7. 8,8, 9,79, 10, 11, 9, 11, 11, 11, 11, 12, 11, 13,13, 15, 13, 14, 14, 13,'12, 13, 14, 18, 10, 9, 8, &, 7,7, 6, 6. 5, 5, 5, 5, 5, 5, 5, 5. 4, 5, 4, 4, 5,4, 3, 7. 6, 5, 5, 5. 5, 6, 6, 7., 7, 8, 10, 9, 10, 11, 11, 12, 0, 13, 12, 13, 14
9. 9.9,9.9,9,8,8,7,7,7,7,6, 6,4,5,5,5,4,3,2, 2,2,3,1,1,1, 0, 0,1, 0, -1, -2, -1, -1, -1, 0, -3, 0, 0, 0,1, 1, 0, 2, 2, 4,5,5,7,7,8,6,8,8, 9,9, 10, 10, 11, 11, 12, 13, 13, 14, 15, 15, 15, 16, 16, 17, 17, ua a a
J'2,72,'2,"3,72, 74,4, 75,5, "5, '7,'8,'7,'7,78, '8, '8, '8, '8, '8, '8, '8, '8, 8,8, 7,7, 7,6, 10, 4,4, 6,3, 3,3, 3, 3,2,3,2,3,3,3,3.4,4,4,5,4,5,4,5,4,6,4,4,5,4,4,5,4,4,'3,5,4,5,3,3,3,3,'2,74,32,3,'3, 3,4,
S 2.1, 2.1, 2,2, 2, 2,2, 2,2.3,3.,3,4,4,4,5,5,4, 6,7, 8 9,09, 11, 12, 12, 14, 16, 16, 17, 18, 20, 21, 21, 21, 21, 18, 24, 25, 19, 18, 18, 17, 16, 15, 15, 12, 13, 12, 11, 10, 9, 8, 8, &, 8, 8, 6, 5, 4, 4, 3, 3, 3. 3, 3. 2,
-2, -2, -2, -2, -3, -3, -3, -3, -2, -3, -2, -1, -2, -2, -2, -1, -1, -2, -1, -1, -1, -1, -1, -1, -1, -1, 0, 0, 0, 0, 0, -1, 0, 0, O, O, O, -1, -1, -1, -1, -1, -1, -1, -2, -2, -2, -2, -2, -2, -2, -2, -1, -2, -2, -1, -1, -1, -1, 0, -1, 0, O
0, 0,0, 0,000,0,0000000,000000000000000000000000000000000000000000000000000000000,0000,00,0
<phase=0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, 0,0,0,0,0,00,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0,0,0,000,0,0000,00000000000000000,00,oO0,

0, f f 0,
-439, -439, —439 -438, -438, -437, -436, -436, -435, -434, -433, -433, -433, -431, -432, -432, -429, -432, -428, -429, -427, -426, —425 -424, -423, —423 -421, -420, —41? -414, -416, -415, -413, -410, -412, -409, -408, -406, -405
404, -403, -405, -404, -404, -405, -405, -405, -406, -405, -406, -405, -407, -407, -407, -407, -408, -408, -406, -409, -404, -409, -409, -408, -410, -408, -408, -407, -408, -407, -406, -411, -408, -403, -412, -410, -411, -408, -409,
-398, -400, —399, -399, -400, -400, -401, 0, -401, -404, —403, -40%, -404, 0, -413, -409, -412, -411, -411, -412, -410, -412, -413, —413, -413, -414, —414, -413, -413, —414, -416, -415, -416, -416, -416, -416, 0, -416, -416, -417, -41l6,

, —430, -430, -430, -429, -428, -428, -427, -427, -426, -425, -424, -422, -423, -420, -419, -417, -416, -415, -414, -413, -413, -412, -411, -411, -411, -410, -406, -407, -407, -409, -408, -410, -408, -409, -409, -409, -410, -410, -411, -

29, -427, -428, -427, -428, -427, -428, -428, -429, -429, -429, -430, -429, -429, -429, -430, -430, -430, -429, -428, -428, -429, -428, -427, -428, -427, -427, -428, -428, 0, -428, -428, -427, -427, -428, -427, -427, -427, -430, -427, -4

4, -446, -444, 445, -A44, 443, 444, 444, 444, O, -444, -A44, 443, 443, 442, 442, 441, -443, 443, -a46, -446, -447, -448, -450, -451, -452, -452, O, -457, -446, -457, -456, -457, -456, -457, -458, -458, -458, -458, -459, -458,

445, -447, -447, -447, -447, -448, -44B, -450, -440, -448, -44B, -448, -447, -445, -445, -444, -445, -446, -444, -444, -443, -443, -442, -442, -441, -440, -440, -442, -441, -442, -442, _442, -442, _443, _442, -442, -441, -441, -441, -443

14, -414, -414, -414, -414, -413, -412, -412, -413, -413, -413, -413, -413, -413, -412, -412, -412, -413, -413, -412, -413, -411, -412, -412, -411, -411, -410, -409, -409, -409, -408, -408, -408, -407, -406, -406, -407, -405, -407, -405, P ase Data

-430, -429, -429, -428, -431, -428, -428, -427, -427, -427, -427, -429, -429, -428, -427, -427, -426, -426, -425, -426, -427, -427, -427, -427, -428, -430, -430, -430, -430, -430, -431, -429, -428, -428, -428, -429, -429, -429, -429, -42

, -383, -384, -384, -385, -385, -386, -3B6, -387, -388, -3B89, -387, -382, -387, -390, -392, -393, -394, -395, -396, -397, -398, -400, -401, -404, -405, -407, -408, -410, -411, -412, -412, -413, -414, -414, -414, -416, -415, -416, -416, -

25, -425, -425, -426, -423, -425, -425, -425, -425, -425, -425, -425, -425, -425, -426, -426, -427, -426, -426, -427, -427, -427, -429, -429, -430, -431, -431, -432, -433, -434, -438, -439, -433, -438, -440, -437, -443, -440, -441, -441,

-423, -424, -426, -426, -427, -427, -429, -429, -430, -433, -432, -433, -434, -434, -434, -434, -436, -434, -426, -432, -431, -429, -429, -428, -428, -426, -426, -426, -422, -422, -420, -420, -41e6, -415, -413, -411, -410, -40B, -405, -40

, -432, -431, -428, -427, -425, -424, -422, -421, -419, -419, -416, -415, -414, -414, -413, -410, -415, -410, -409, -408, -408, -408, -407, -407, -407, -405, -406, -405, -405, -404, -404, -403, -402, -400, -400, -400, -399, -398, -396, -

-447, -446, -446, -446, -446, -445, -445, -445, -445, 445, -444, -444, 444, -445, -445, -444, -444, 444, -444, -444 444, -445, -445, —445, -444, -444, -443, -443, -443, -442, -441, -441, -440, -439, -441, -441, -440, -440, -440, -44

, —440, -439, -439, -439, -440, -439, -439, -438, -438, -438, -437, -437, -437, -437, -436, -436, -436, -435, -434, -433, -433, -432, -431, -433, 0, 0, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O, O

o, 0, 0, 0, 0, 0,0,0,0,0,0,0,0,0,0,0, </Phase>

</Forwardexciters

<ReverseExciter>

<Range></Range>

<SpuPhaseData></S5puPhaseData>

<SpuCalbata></5puCalData>

<Quads=</oquad>

<Phase></Phase>

</ReverseExciters> 10
<ForwardTurbine>

<Ranges</Ranges



The anatomy of a digital ELCID file

<5lotData slot="001">
=Notes><,/Notes>
<Display>yes</Display>
<ForwardeExciters
<Range>4A</Range>
<SpuPhaseData=0844</SpuPhaseDatas
<SpuCalData=093D</SpuCalbata>

«quad-0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, 0, O, O, O, O, O, O, O, O, O, 0,0,0,0%0,0,0¢0@O0O¢OO@O®WOO0OO0®W0O0OO0O00™0O©0O0O0,0®000,0®0°04000000000400°000°000°00900°000°0,00°0,00,D0,
153, 16, 15, 15, 16, 1%, 15, 15, 15, 15, 15, 14, 15, 14, 13, 14, 14, 16, 15, 16, 15, 0, 19, 1&, 19, 19, 22, 22, 20, 26, 19, 22, 24, 24, 25, 25, 24, 26, 26, 27, 27, 28, 27, 28, 27, 28, 28, 27, 27, 27, 25, 0, 26, 23, 23, 20, 22, 21, 20, 20,
ie, 16, 17, 17, 17, 17, 1, 16, 16, 16, 17, 14, 15, 15, 15, 14, 14, 0, 14, 14, 12, 11, 11, 9, 10, 9, 10, 9, 9, 9, 8, 8, &, 9, &, &, 8, &, 7, 0, &, &, 7, &, 10, O, 14, 8, 8, 10, 11 g, 12, 12, 12, 11, 12, 11, 11, 13, 14, 13, 13, 13, 14, 1
i, 11, 10, 11, 21, 11, 11, 12, 11, 12, 12, 12, 12, 12, 12, 13, 13, 13, 13, 13, 13, 13, 13, 14, 14, 14, 14, 14, 14, 13, 13, 13, 13, 13, 13, 12, 13, 13, 13, 12, 12, 12, 13, 12, 11 11, 11, 11, 13, 12, 11, 11, 11, 10, 11, 11, 10, 11, 10, 10
i, 8, 8, 9 9, 10, 11, 9, 11, 11, 11, 11, 12, 11, 13, 13, 15, 13, 14, 14, 13, 12, 13, 14, 18, 10, 9, 8 g, 7, 7, E, 6, 5, 5, 3, %, 5, %, 5, 5, 4, 5, 4, 4, 5, 4, 3, 7, 6, 5, 5, 5, 5, 6, 6, 7, 7, 8, 10, 9, 10, 11, 11, 12, 0, 13, 12, 13, 14
9, 9, 9, 9, 9, 9, 8, 8, ?, 7y 7, 7, 6, 6, 4, 5, 5, 5, 4, 3, 2, 2, 2, 3, 1, 1, 1, 0, U, i, 0, -1, -2, —1 —1, —1, 0, 3, o, ¢o0,0,121,1,0,2, 2, 4,5, 5%,7,7,8, 6,8, 8, 9,9, 10, 10, 11, 11, 12, 13, 13, 14, 15, 15, 15, 16, 16, 17, 17,
, 2, 2, 2, 3, 2, 4,4, 5,5,5,7,8,7,7,8, 8,8, 8, 8, 8, 8, 8, 8, 8, 8, 7,7, 7, 6, 10, 4, 4, 6, 3, 3, 3, 3, 3, 2, 3, 2, 3, 3, 3, 3, 4,4, 4, 5,4, 5,4, 5,4, 6,4, 4, 5,4, 4,5, 4,4, 3, 5,4, 5,3, 3, 3, 3, 2,4, 3, 3, 3, 3, 4,
, 2,1, 2,1, 2, 2, 2, 2, 2, 2, 2, 3, 3, 3, 4, 4, 4, 5, 5, 4, E, ?, 8, 9, 9, 11, 12, 12, 14, 16, 16, 1?, 18, 20, 21, 21, 21, 21, 18, 24, 25, 19, 18, 18, 17, 16, 15, 15, 12, 13, 12, 11, 10, 9, &, 8, B, &, 8, 6, 5, 4, 4, 3, 3, 3, 3, 3, 2,
-2, -2, -2, -2, -3, -3, -3, -3, -2, -3, -2, -1, -2, -2, -2, -1, -1, -2, -1, -1, -1, -1, -1, -1, -1, -1, 0, O, O, O, O, -1, 0, O, O, 0,0, -2, -2, -1, -1, -1, -1, -1, -2, -2, -2, -2, -2, -2, -2, -2, -1, -2, -2, -1, -1, -1, -1, O, -1, O, O
6, ¢,90,0,0,0,0,0,0,0,0,0,0,69,0,0,0,¢0,0900,%9,09,40,0,0,8%90%00,0490,040002%00,0°0,00,00040,0°%04000,009000002%000°040403%9302%00,00,000,020,0,0,°0,0,20 0,0,

 Measurements are taken every 0.002m (2mm)
* Pre-buffer automatically populated (0.2m)
» Post-buffer allotted for any measurement/transducer issues (0.2m)

Length of trace = 0.2m + Core Length + 0.2m
If Length of Core Is 3m, 100+1500+100 = 1700 samples are recorded.

11



Trending challenges

* No filtering applied
* Noise in April 2010 trace
* |nversion on June 2010 traces
« Offset/Scaling Issues
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Trending challenges

e Noise

« Justremove the O’s. This is the same methodology that is used in the
ELCID software.
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Trending challenges

e |nversion

« Easy to tell when you have a significant fault (as shown below)

« Can use the phase values to correct this for signals that are not so
obvious
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Trending challenges

o June 2010 :
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Trending challenges

Inverted based on positive polarity convention
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Trending challenges

« Alignment

* Not all ELCID testers are the same; the position of the chattock can
vary in the trolley. Robotic vs. manual can give different positioning.
Even if they are calibrated, alignment issues can persist.

« “Start” position can be different depending on the operator and what
was entered into the software.

« Can either be done by judgment, or with algorithm but you need to
choose a reference plot

« Easier when there I1s an artifact



Trending challenges

« Alignment
 Two traces taken on the same day, with the same equipment
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Trending challenges

« Alignment

 Two traces taken on the same day, with the same equipment
» Likely do to position feedback, speed, etc.
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Trending challenges

Scaling factor of 1.025
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Trending challenges

Scaling factor of 1.025, 1.015, 1.04 respectively.

100
= Pre Scaling
E 50
=
o
5
© 0 e
§ ‘\W'MT‘WV"L)mw . WI
= :
3
S -50
o

I 06-Jun-2010 06-Jun-2010 31-Mar-2015 1-Apr-201
1160
-0 8
<
E 50
5
5 "
O 2
a:—) 0 Y J'M“IV
>S5
©
3
S -50
o
I h 06-Jun-2010 06-Jun-2010 31-Mar-2015
-100 ‘ | ‘
-0.2 0 1.12 2.24 3.36 4.48 56 5.8

Core Position (m)

IRIS Rotating Machines Conference slot:024  Report Generated:27-Feb-2018 21



Trending challenges

Scaling factor of 1.0, 1.015, 1.04 respectively.
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Trending challenges

Scaling factor of 1.0, 1.065, 1.065 respectively.
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Trending challenges

* Other manipulations
* Vertical Scaling
* Vertical Offset
 More?

* You can spend a lot of time trying to make one trace “perfect” but
need to evaluate the impact on the rest (less is more).

 The end goal is to have a clean result to track developing
conditions



Benefits of digital trending

 Small changes (<100mA) are easier to spot and monitor
* Adjustable scaling = - — 7/ \
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Benefits of digital trending

* You have ALL the data from the test

/ Truncated in report due to scaling
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* Provide to 3" party for analysis/opinion



Benefits of digital trending

« Rated Flux Testing Avoidance
* Trending can be elected in favor of doing repeated loop tests
 More frequent ELCID tests can be evaluated quickly

« Better quantification on how much things are changing
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Benefits of digital trending

* Reporting enhancements
« All tests are in one place, and in one report
« Compatible with robotic insp. :
« Can evaluate entire history
every maintenance outage

But you can’t do any of this without
the digital file!
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Benefits of digital trending

* Advanced Diagnostics

* The sky is the limit!
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Benefits of digital trending

* Advanced Diagnostics
 What you can get from the software
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Benefits of digital trending

* Advanced Diagnostics



Benefits of digital trending

* Advanced Diagnostics



How ATCO does trending

I) This file can be published to a formatted document. Fer more information, see the publishing video or help.

= 1 %% Creates a matrix (9¥) of ELCID Data with the following format
. A I LAB r2 O 1 2 b ut an WI I I d O 2 %% [1] - Machine serial number as entered by the operator
, 3 %% [2] - Date of test
4 %% [3] - Humber of excitation turns as entered by the operator
L %% [4] - Excitation current as entered by the operator
- [ %% [5] - Measured single turn voltage
« Easy programming language e
8 %% [7] - (mad Data Position (array)
g %% [B8] - (madrature Data (array)
- 10 %% [9] - Phase Data Position (array)
. 11 %% [10] - Phase Data (array)
Custom reporting e
13
14 function [testdata,maxmin] = DEC5 fopen(decsfilename, filteroption,hstretch);
L 15 $hstretch i= in %position vector. Factor determined by observation/trial
« Extremely flexible il ==
17 % clear;
18 % decsfilename = 'PR l.dec':;
19 % filteroption = 'n';
L] - L - L]
20 % hstretch = 0;
* Bulilt In tools for matrix manipulation :
22 — if i=sequal (fopen {decsfilename) ,-1)
23 — errmessage = strcat (decsfilename, ' that file is not found'):
u 24 — disp (sprintf (errmes=sage)):
* Handles large datasets easily
26 — testdata={};
altl = maxmin={};
28 — return;
u 29 — end;
 Started to do evaluation after every test i e
31 = DECSDATA = fileread(decsfilename);
32 - quaddatab = strfind(lower (DECSDATZ) , '<guad>0');
33 - quaddatae = strfind(lower (DECSDATA),', «/guad>'");
[ 34 - guaddem = cat (1, guaddatab, guaddatae) ;
* Could import hard copy to same format & =z e
38 — phasedatae = strfind(lower (DECSDATL), ', < /phase>'");
3= phasedem = cat (l,phasedatab,phasedatae)
SH = slotdem = strfind(lower (DECSDATA), "slot=")
L] L] u 300 = turnsdem = strfind{lower (DECS5DATA), "<excitationturns>");
. LI m Ite d reS O I utl O n 40 — currentdem = strfind (lower (DECS5DATA), "<excitationcurrent>'});
41 = stvdem = strfind (lower (DECSDATA), '<measuredsinglecturnvolcage>") s
42 = lengthdem = strfind(lower (DECSDATA) , '<lengthofcore>'):
43
- - 44 - | sndatab = strfind(lower (DECSDATR), '<unitnumber>');
. Ve ry tl I I le CO n S u I I l I n g 415 — sndatae = strfind(lower (DECSDATA), "< /unitnumkber>");
48 — sndem = cat(l, sndatab, sndatae):

 Haven't done this on a whole machine... yet

33



Questions?
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