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BASIC CONCEPT OF PDA
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Partial Discharge Analysis (PDA) uses electrical measurements
during machine operation to detect electrical discharge activity.

By analyzing specific discharge pulse activity, the nature of the
discharge (including general location and possible severity)
may be estimated.

» General location inside groundwall insulation

» On external surface of bar

» End-winding, grading system, etc.

Over the lifespan of a stator winding, regular monitoring and
trending of this data (when collected under similar conditions!)
can give indication as to condition and any problems.

Failure Mechanisms I‘!

4 FAILURE MECHANISMS

41 Multiple Failure Mechanisms

PD plois may be complicated if two or more failure mechanisms or processes are occurming in the winding at the
same fime. For example, contamination and a loose stator winding could be occurming simultaneously. In these
situations and in the presence of high PD magnitudes, subsequent PD testing, off-ine PD tests, other electrical
tests and visual inspection may be needed to conclusively separate the different failure processes.

Below are descriptions of the most common stator winding insulation problems viewed in isolation. Two or
more such deterioration processes may supenmpose PD pulses in a complex pattem.

4.2 Discharges in the Slots
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along the length of the slots in the stator core.
Hence, this type of pattem is indicative of PD
occurming in the slots and is refermed to as “PD in s e =
slots™ or phasae-to-ground PD.

i

Figure 4: PD in Slots

g Modeling the actual characteristics of a pulse is difficuit
4 since the woid dimensions, wvoid gas and pressure,
/ inductance, itance, geomeliry and many other issues
copper can affect the magnitude and frequency of a pulse [1].
= +PD > D However, some hasic pulse characteristics can be predicted

A +PD D based on the void location as shown in Figure 5.
/, 0 Positive predominance is an indication of surface PD due to
// coilbar movement, electrical slot discharge or arcing at the
/ voitage stress coating.  Negative predominance indicates
/ Stator Gore infemal PD from delamination, damage due fo themal
cycling or excessive starts and surges, or inadequate

Figure 5: PD Pulse Polarity bonding during manufacturing.
4.2.1 Internal Discharge

‘Windings that have nof been properly impregnated or that have been operating for several years at high
femperatures tend to develop voids within the groundwall insulation. Partial discharge will occur across such a
wvoid when both an over voltage condition and a free eleciron are present.  Once the partial discharge occurs,
the voltage across the gap will stabilize at the level required fo sustain the discharge activity. During this
process, the charges within the void will redistribute according to the applied charge.

r[RIS WWW.irispower.com

A QUALTROL Company 12|Page

Credit: Iris Power

\




PDA TRENDING AND BASELINE DATA c:

of Engineerse
Portland District

Typical assessment of PDA data over a winding’s life may include recording the data under staged conditions
approximately every 6 months, starting ~1 year after installation. Data may also be taken immediately upon
completion of rewind, after first going online.

IRIS:

“Figure 3 shows that on a new machine the PD will often start relatively high and CE ATl
then decrease as the winding settles over the first 12 months to “baseline” )

levels.” ("Interpretation of Partial Discharge Results”, Iris Power)
Qm |

TESTS DURING OPERATION

tendency to level off To verify winding design claims regarding capability and temiperature rises, a heat run is necessary, as follows:

) o The generator is to be operated at rated MVA at power factor (generator mode) and the
new windings rapid deterioration . . . . . . . .
tollowing are to be monitored every 30 minutes until temperature stabilization is reached (1.e., less

than 1°C mcrease in any monitored temperature in a 30 minute period).

\ — Record MW, MVAR, line-to-line voltage line currents, rotor field winding voltage and
current every 30 minutes.
—  Stator winding RTD temperatures — Temperature rise on any RTD not to exceed 60°C (or the agreed
to rise) above cooling air inlet temperature.
Nore: If equipped with on-line partial discharge measurement capability, specific conditions or expectations
may be inserted as shown below. Keep in mind that there are no current standards for what is an acceptable
Jevel,
I E E E 1434. —  On line Partial Discharge test results — to IEEE 1434 [23]. Once stabilized, PD levels should
o ) o ) be lower than those obtamed during the off line stator winding acceptance tests and certainly
“There may be merit in performlng PD tests on individual stator coils/bars and no greater than Typical fora PDA = kV air-cooled winding per the relevant database jor the
completed newly installed windings as a quality control check.” equipment used.

Years

Figure 3: PD Life Cycle

“Although off-line testing is more time-consuming and expensive to perform, it can
form a good complement to on-line testing if there is concern over trendable
machine readings. It is convenient to make the initial offline tests when the machine
winding is new.” (Advantages of offline testing at such a time are also discussed)
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During winding installation:
> Bar-to-slot contact resistance
» High potential testing

After winding completed:

» IR/PI Tests

» Corona probe tests of each slot
» Blackout test (or corona scope)

After generator reassembly:

» Final winding high potential test — each phase individually
» DC Ramp Test

» Special field testing/heat run/etc.

Failure Mechanisms I.1

4 FAILURE MECHANISMS

41 Multiple Failure Mechanisms

PD plots may be compiicated if two or more failure mechanisms or processes are occurming in the winding at the
same time. For example, contaminafion and a loose stator winding could be occuring simultaneously. Inthese
situations and in the presence of high PD magnitudes, subsequent PD testing, off-line PD tests, other electrical
tests and visual inspection may be needed to conclusively separate the different failure processes.

Below are descriptions of the most common stator winding insulafion problems viewed in isolation. Two or
meore such deterioration processes may supenmpose PD pulses in a complex pattem.

4.2 Discharges in the Slots
Inspection of the PD data reveals the phase angle
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along the length of the slots in the stator core.
Hence, this type of pattem is indicative of PD
occurring in the slofs and is refemmed fo as “PD in - ® ‘p?me.::ué? woE =
slots™ or phase-to-ground PD_
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Figure 4: PD in Slots

L~ Modeling the actual charactenstics of a pulse is difficuit
,; since the woid dimensions, void gas and pressure,
7 inductance, capacitance, geometry and many other issues
copper can affect the magnitude and frequency of a pulse [1].
7. +PD > D However, some basic pulse characteristics can be predicted
NiZ based on the void location as shown in Figure 5.
HE +BD ~ D - ) e
", +PD<FD Positive predominance is an indication of surface PD due to
?f coilbar movement, electrical slot dischange or arcing at the
/ voltage stress coafing. Negative predominance indicates
/ Stator Core infemal PD from delamination, damage due fo themal
cycling o excessive starls and surges, or inadequate
Figure 5: PD Pulse Polarity bonding during manufacturing.
4.21 Internal Discharge

Windings that have nof been properly impregnated or that have been operating for several years at high
femperatures tend to develop voids within the groundwall insulation. Partial discharge will cceur across such a
wvoid when both an over voltage condition and a free eleciron are present  Once the partial discharge oceours,
the voltage across the gap will stabilize at the level required fo sustain the discharge acfivity. During this
process, the charges within the void will redistribute according to the applied charge.
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TESTING AND INSPECTIONS DURING REWINDS

During winding installation: [
> Bar-to-slot contact resistance 4 FAILURE MECHANISMS

41 Multiple Failure Mechanisms

> ngh pOtentlaI teS“ng PD plots may be complicated if two or more failure mechanisms or processes are occurming in the winding at the

same time. For example, contaminafion and a loose stator winding could be occuring simultaneously. Inthese
situations and in the presence of high PD magnitudes, subsequent PD testing, off-line PD tests, other electrical
tests and visual inspection may be needed to conclusively separate the different failure processes.

Below are descriptions of the most common stator winding insulation problems viewed in isolation.  Two or

After winding completed: These could find bulk P L o )R s 3

4.2 Discharges in the Slots

> IR/P| Tests Insulation issues Fepecton o o P it s e s e o
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45" for the negafive pulses and 225° for the

the phase-to-ground voltage of the specific phase vE ; °
being measured. Phase-to-ground  voltage o £ \ E|
Hence, this type of pattem is indicative :JT PD L 5 1= w0 z= ap e 3
occurring in the slofs and is refemmed fo as “PD in Proes ARGE [0

» Corona probe tests of each slot R R =
» Blackout test (or corona scope) TS o S e

Figure 4: PD in Slots
Modeling the actual charactenstics of a pulse is difficuit

After generator reassembly: Z s G T e
» Final winding high potential test — each phase individually [ sl
» DC Ramp Test 7 g T ey (s e

» Special field testing/heat run/etc.

»

+PD ~ FD

+PD < PD

Figure 5: PD Pulse Polarity bonding during manufacturing.

4.21 Internal Discharge

Windings that have nof been properiy impregnated or that have been operating for several years at high
femperatures tend to develop voids within the groundwall insulation. Partial discharge will cceur across such a
wvoid when both an over voltage condition and a free eleciron are present  Once the partial discharge oceours,
the voltage across the gap will stabilize at the level required fo sustain the discharge acfivity. During this
process, the charges within the void will redistribute according to the applied charge.
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TESTING AND INSPECTIONS DURING REWINDS

During winding installation: [
> Bar-to-slot contact resistance 4 FAILURE MECHANISMS

41 Multiple Failure Mechanisms

> ngh pOtentlaI teS“ng PD plots may be complicated if two or more failure mechanisms or processes are occurming in the winding at the

same time. For example, contaminafion and a loose stator winding could be occuring simultaneously. Inthese
situations and in the presence of high PD magnitudes, subsequent PD testing, off-line PD tests, other electrical
tests and visual inspection may be needed to conclusively separate the different failure processes.

Below are descriptions of the most common stator winding insulafion problems viewed in isolation. Two or
meore such deterioration processes may supenmpose PD pulses in a complex pattem.

After winding completed: These could find bar-to-slot contact | |
> |IR/P| Tests issues (slot discharge) oot e P s et s s e e

relationship between the PD pulse and the phase- =
to-ground reference voftage. PD that originates OnilEpm 3
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occurming in the slots and is refered fo as *PD in © Y e W=
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Figure 4: PD in Slots
Modeling the actual charactenstics of a pulse is difficuit

After generator reassembly: : s G T e
> Final winding high potential test — each phase individually ==
> DC Ramp Test 2 o e e e P

» Special field testing/heat run/etc.

N

Positive predominance is an indication of surface PD due to

Figure 5: PD Pulse Polarity bonding during manufacturing.

4.21 Internal Discharge

Windings that have nof been properiy impregnated or that have been operating for several years at high
femperatures tend to develop voids within the groundwall insulation. Partial discharge will cceur across such a
wvoid when both an over voltage condition and a free eleciron are present  Once the partial discharge oceours,
the voltage across the gap will stabilize at the level required fo sustain the discharge acfivity. During this
process, the charges within the void will redistribute according to the applied charge.
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During winding installation:
> Bar-to-slot contact resistance
» High potential testing

These could find end-winding and

After winding completed: =& LU _
circult rng clearance issues:

» IR/PI Tests
» Corona probe tests of each slot

» Blackout test (or corona scope)
» Test voltages and application have implications on what can be seen!
» |EEE 1799 provides guidance on these considerations.

After generator reassembly:

» Final winding high potential test — each phase individually
» DC Ramp Test

» Special field testing/heat run/etc.

Failure Mechanisms I.1

4 FAILURE MECHANISMS

41 Multiple Failure Mechanisms

PD plots may be compiicated if two or more failure mechanisms or processes are occurming in the winding at the
same time. For example, contaminafion and a loose stator winding could be occuring simultaneously. Inthese
situations and in the presence of high PD magnitudes, subsequent PD testing, off-line PD tests, other electrical
tests and visual inspection may be needed to conclusively separate the different failure processes.

Below are descriptions of the most common stator winding insulafion problems viewed in isolation. Two or
meore such deterioration processes may supenmpose PD pulses in a complex pattem.

4.2 Discharges in the Slots
Inspection of the PD data reveals the phase angle

retlonsnip between the PD puso and he phase- TR A T T
within the slot portion of the coil or bar is centred at
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along the length of the slots in the stator core.
Hence, this type of pattem is indicative of PD
occurring in the slofs and is refemmed fo as “PD in - ® ‘H’EBE-::!RBZIE woE =
slots™ or phase-to-ground PD_
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Figure 4: PD in Slots

Modeling the actual charactenstics of a pulse is difficuit
since the woid dimensions, void gas and pressure,
inductance, capacitance, geometry and many other issues
copper can affect the magnitude and frequency of a pulse [1].
wPD > D However, some basic pulse characteristics can be predicied
based on the void location as shown in Figure 5.

+BD ~ D
Positive predominance is an indication of surface PD due to
coilbar movement, electrical slot discharge or arcing at the
voltage stress coafing. Negative predominance indicates

+PD <-PD

RNNNINNY

Stator Core infemal PD from delamination, damage due fo themal
cycling o excessive starls and surges, or inadequate
Figure 5: PD Pulse Polarity honding during manufacturing.

4.21 Internal Discharge

Windings that have nof been properly impregnated or that have been operating for several years at high
femperatures tend to develop voids within the groundwall insulation. Partial discharge will cceur across such a
wvoid when both an over voltage condition and a free eleciron are present  Once the partial discharge oceours,
the voltage across the gap will stabilize at the level required fo sustain the discharge acfivity. During this
process, the charges within the void will redistribute according to the applied charge.
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CASE STUDY 1

Review of physical location of the couplers along with the
winding diagram indicated the likely location of the
problem.

Te-3

To-4

Physical inspection and blackout test confirmed the

location of the inter-phase corona activity

» \oltage at which the activity was observed was higher
than original blackout test for the involved phase(s)
achieved. One possible reason it wasn't seen —
though access and visibility is also a challenge!

The second blackout test, conducted with rotor in,
provided greater access to end-winding to see the issue.




CASE STUDY 1

Using garnet paper, sanded varnish drips and loose
material to clean the area. Filled the narrow gap with

100% silicone, injected to completely fill the gap.

PDA results taken afterwards show no remaining activity

(low level broadband clusters only)
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Again, initial PDA data was recorded following commissioning after a rewind was performed. The
report indicated potentially numerous issues which were considerably less straightforward to interpret
than the first Case Study example. Significant noise (gap discharge) was present, likely cross-
coupling, some evidence of slot-exit PD, etc.

CASE STUDY 2

A detailed inspection and repeated blackout test with access to the end-winding was performed.

Pulss Decaity Linear Pt Pulss Deasity Linear Plot Falsa Deraity Lines Pt . e B T . Sioler 2 o
Bagetr €1 s = - ¢ et <2 o tma IS .
m m @ m 2 N> T - B iFe oFa WE e syt <My
e Aemtm ebie dess i auste delie sustie -4 I - - B
b  SdntiMi  uotis e ssbwitbee ibweidipe - tidigge _cgtwiviige jibecitees  weises E E E o £
2450 £ 251 R 0=
£ At
= B oo s = =] LR a -
E o= = & g - gt
= - L] E E
. . s — + = 4= i il
; = & = T £ -von TG+
z 14 i T T T
& 2 = O 40 w0 131 150 26 @O0 e A o a5 B0 136 80 r ZT0 15 a0
2 ] g 2 Frasa angls [deg] Fhass nga [deg]
= £ Phnge: &, Sensorfif 1k C3 Z‘z‘“r“'g"“-lﬂs";f""" 1= ““5'“;“'" o Bhase: &, Sensorizh: A-CIA-CD Start Time: C2/12/2018 14:42:20, Status: VR
g . E e e = bt e CL: WQN-H/A/H/h, QmeNfRs - NON-1436/-850. O Cl: MOK+29/-29, OmeNfa/f K-scale: 100 C2 NON+45/-35, Cmehia/ N A
¥ \‘ f i \ / i P, ol \ / Bipelar 01 Bipalas £
L] 2 bome’ v - s = . . [ 0
pal— — = o ] B . 31 == 3 * 3l AEDIIm wRIEmR nERINm alime asmime UwilEme 36w 0Rm
e oved ; o iore e demimmee ot LT T T L 1
\ _/‘ ) - - = T T i — R P i 60
= w7 = R U Sl = S E oot LanE S Rt ]
il T T L § oo 1 3 _
4 m om o om o= om o o= 4 = m wm m o oy om | 08 e = = == = o= - E?.-_:. Y ::-,;B 23:_ / wam N -;:un
- ~—— e ——— e i‘m 1 | i == Elp o DME" R % o
Phase: A Start Time: 02/12/2019 15:03:13, Delay Time: & [ns], Freq. (Test Duration): 60 Hz, (1 sec.) | i - R — " w
o o0 w0 f oo £ i oo0
0 St} 7 T T s 750 -\_,/ S s =0
Pulse Density Linesr Plot Pulss Dersity Linssr Plot Faolse Deesity Linsss Flot 0 45 0 45 @ 130 480 2 90 48 0 45 90 130 130 225 40 45 0 45 B3 135 @0 ms w0 45 0 45 @0 136 a2
Bgaies: Beiws: Bl Mame Praca angks [asg] Fhass &nga [deg] Frumn Angle [ceg] Fhuxs Angis [4uz]
= = = = e Ca x o= o o5 [=>) o Phase: 8, Sersars) B-CIE-C3 St Time: 02/12/2019 152053, Starus: OVA Phase: 8, Sersorisl: B-C16-C2 Snart Time: 021272018 144413, Statu: VA
N e - - = i - pls = - - M FL: MR/, QeN/RNIR, K:seale: 100 C2: NOp-103/-40, Qm=B3/-HiA 1 N 8, AN ol 100 Co NN A2 G T
igmitége seprse T sstwiisge Sewiesig  secibige e S Bipalir CL Spalar 2 —
5 - &3 [ s . &5 .
= = = = = == ~3dEpe A%l 10MIEmE 3161010 3l a%nilee WRUFme 60 Moo e — P T T S,
1o e R E - JmBege renTEmE R N T
o . ] = =
=0 = - - - - = T E——F Floew 750 = Tk - o p T80 ™ 78 o i i ™= 7en
/ \ / \ /’ \L E mp 51 E o o0 J s E sel S S . S - S
i El 4 IS N 0 T - B
E - o E [ S - E - = Ew"' 1 o - I 1 LS - 25 "gm 8
: 3 e 3 Boeo : i - -:aCE o - : o =°(_,§ ok |- I - )
s 2 b * st H 2m = —am Gy ams - 2m Jozen 5 st 1 e
g 3 z - | | | | L em 7m0 | 1P e P o
] T i e e S L il s I — T 7= 5 750 70 £ < =0
2 - - 5 = e i - - - I I i T T |
- 125 18D 435 L0 45 D 45 00 SIS R0 a3 A0 - 00 48 W 25 80 435 G0 45 D 45 90 S5 B0 13 S0 -5 0 45 W
% N Froms Angle [ceg| ] Frme angle [ceg] [ —
- - == - == = Frase.d, Sensorjsi C-OLCCS Sian Time: 02/12/2008 132251, Stenus VR Paase:C, Sensorlsh C-C1CC2 Start Time: 02/12/2005 14:96:12, Status: OVR
CL: NON-38/-10, QTeR/A/N/A Ksceie 1.00 C2: MOK-59/-50, Om+67/-Hih TL: NGHTE/ZT, G RAN A Frstoie: 100 C2: MR- A A, Om=Hia-HiA
= £ = = k = e k a0
73S IS PR PR P PP O I P P I T I P P P P vl vl
T = . p e omooa = o * @ : & = m o= = Iris Pewer LP, 310 Amesican D, Messissauga, On, Carsata LAV 1T2, Phone: +1 (905)-6774824, Fax: +1 (805) 677-8408 s Porwer P, 3110 Anesicin D, Mississauga, On, Ciriadi LAY 1T, Phare: <1 (9056774824, Fas: <1 (805) 677-8408

Phase: B Start Time: 02/12/2019 14:56:23, Delay Time: 6 [ns], Freq. (Test Duration): 60 Hz, (5 sec.) |

Plot 2: ABC report of pair C1-C3 at high load Plot 1: ABC report of pair C1-C2 at high load )




bt L -

US Army Corps
(AX11NS of Engineerse

Portland District

General findings during inspection and blackout testing were low clearances between some circuit
connections, as well as air gap sensor leads which were loose and relatively far from the core end.

CASE STUDY 2

Resolving some of these items through securing leads and filling gaps removed the noted corona
locations during repeated blackout testing.
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CASE STUDY 2

General findings during inspection and blackout testing were low clearances between some circuit
connections, as well as air gap sensor leads which were loose and relatively far from the core end.

Resolving some of these items through securing leads and filling gaps removed the noted corona
locations during repeated blackout testing.




CASE STUDY 2

PDA Analysis performed afterwards
showed greatly improved results, with
previous issues resolved.

Bipolar C1

1Lo|II=--pps 315%;:; 'JM‘IIT':P,:s 31-ﬁzpps

= 10 N i b J 0 -] .

=1 = —

10| ::115? 31610 1000 pps__> 1000 pps Subsat §
750 £ : 3
=3 E 3
E so0 £ 3
@ = =
g :
-250 3
& E 3
£ -500 E 3

-750

[ [ 1 b Tl [

=]

45 a0 135 180 225 270 315 380
Fhase Angle [degl

Phase: A, Semsons): A-C1A-C3, Ref Angle: 90, Delay Time: 6 [ns]

Cl: NQN+ 73, NQN- 65, Qoo+ 82, Qm- 75

Bipolar C1
1toIi6pps 316D 10pps 10 ITEpps 31500 100 pps
[ —
100t MEpps 21610 1000 pps = 1000 ppE Subsat B

300

200
100

-100
-200

Pulse Magnitude [mv]
a

-300 T O

45 =l 135 180 225 270 315 380
Phase Angle [deg]

Phase: B, Senson(s): B-C1B-C2, Ref Angle: 90, Delay Time: § [ns]

Cl: NQN+NA, NQN-N/A, Qm+ NIA, Qm- F/A

=]

Bipolar C1
110 .15 pps 31EI§IIJFDE 1010 316 pps 31'%]@5
= 10 N i b J 0 -] .
| | —
DO to 316 pps 21610 1000 pps = 1000 pos Subsat &
— 780 F E
= E 3
E s £ 3
T E E
250 £ E
£ ol w13
=] 0E
= o0 E L .
I E
& -500 £ =
i 5 B AR I

0 45 90 135 180 225 270 315 360
Phase Angle [deg]
Phase: T, Semsen(s): C-C1C-C2, Fef Angle: 90, Delay Time: § [ns]
C1: NQN+ 138, NQN- 124, Qo+ 132, Q- 126

300

200
100

-100
-200

-300

)

US Army Corps
of Engineerse

Portland District

Bipolar C2
HOI‘I"Ipps 315%':-;35 ':Ibcll3z'lups 3I'ﬁlpps
= 10 . i y L .0 -]
| =1 —
D0 to 316 pps 31610 1000 pps > 1000 pps Susst B
750 + - 31— 750
= E E
E so0 £ + 500
L E =
E 250 3250
g- 0 £ +o
-250 £ 3 250
2 E E
£ -500 £ < -500
750 = 1 T 1 T 1 1 T T -7
0 45 90 135 180 225 270 315 360

Start Time: 05/20/2020 15

Fhase Angle [deql
5:38, Quality Flag (short): Good

€2 NQN+ N/A, NON-N/A, Qe NiA, Qm-N/A

Bipolar C2
[=] [=] =]

1to3iGpps 316 10 pps --Jmlf-j:.u;e.

10090 316 pps 31610 1000 pps = 1000 pps Subset B
_ 300 E 3 200
2 E E
E omE 3 200
g £ 3~ 100
E E |
7 0f 30
§ 100 £ ’% -100
- E =
£ -2o00 £ 3 -200

e T i B T =
D 45 o0 135 180 225 270 315 280

Phase Angle [deg]

Start Time: 05/20/2020 15:16:32,  Quality Flag (shoet): Good
C2: NQN+ 18, NQN- 25, Qur+ N/A, Qm- N/A

Bipolar C2
1loI‘I"|pps 31E|::|s ':IDCII3I'1:",:~5 31'»%':@5
= 10 . i y L .0 5 .
| =1 —
i00ip 31Epps 31610 1000 pps = 1000 pps Subsat B
— 750 F 1 750
=2 = 3
E s00 £ 3 500
§ 250 £ - 250
5 o =y
g __E JE
y 250 £ 3+ -250
g 500 £ 5—-500
750 :II [ 11 11 [ =N ] II: -7a0
O 45 9D 135 18O 225 270 315 360

Phase Angle [deg]

Start Time: 05/20/2020 15:11:13 , Quality Flag (short): Good

C2: NQN+ 35, NQN- 2

., Quo+ HA Qe N/A



CONCLUSIONS . .
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1. Some problems can be missed during typical winding testing (including blackout
and corona-scope testing) — especially when they are occurring in areas which
are hard to access with windings energized and rotor removed.

2. Magnitude of applied voltage should be considered for blackout/corona scope
testing — higher voltages may be needed to observe possible inter-phase activity.

3. PDA systems can detect some winding installation problems using off-line (with
separate voltage supply) and/or on-line testing.

4. Immediately upon return to service, as part of commissioning, can be an

opportune time to collect PDA data and look for issues.

» Interpreting levels of PD immediately upon return to service should be done with great care,
knowing PD will likely decrease over first 6-12 months of operation.

5. Careful on-site quality assurance and witnessing of winding installation and finish
treatment can go a long way in preventing some of these issues as well.




