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tation Highlights

rlyclre F t-Rellablllty -‘Iﬁ@,Contrlbutmg OCESSES
J\/Joror/(”r*nr] ater Rewind — lihe Critical Element to. Hydro Plant
Hellzoiliey ' i
J\/Joror/(”éna tor Llfecycle
Trie riewmc Process — Be Intentional, Use PM Protocols
= Jf)rch ED PROJECT MANAGER

= rﬁown Phase — Photos
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ébund Phase — Photos
— Factory/Manufacturlng Inspections - Photos

e Generator/Motor Rewind Nightmares
® Generator/Motor Rewind Take Aways
® (Questions



ol \GIOME ,, Rellablllty Three Contrlbutlngﬁ' egs.eis_,

- g - ‘—*’d‘ .
rlyelfe gl t.rellablllt IS the fundamental mest Impertant

AIgIILE! SOUE trafterrpyall eneray producers, waterdelivery =

OWAIESS arc Customers whether private, public, or government.

S JrJrJJ Hydro Plant Reliability requires implementation of
ieecriticall processes:

heduled Maintenance and Testing Protocols (Units,
eréhsformers Turbines, Plant Systems, etc.) with metric

-drlven protocols.

~ 2 Asset Management/Condition Assessment Protocols
(Units, Transformers, Turbines, Plant Systems, etc.)...Risk
assessments, visual inspections, test data trending,
Monitering, operational metrics.
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HydrerPlant Reliability — Three Contributing Processes
—

lant Reliability

3. MJUI’/Q:MJ“ ater Rewind — The@ﬂﬂcal Element to ydroe

SEEUIESUbset Asset Classes: Stator Wlndlngs Stator

JJf‘-‘/LﬂfflJflslﬂ.)ﬁf)‘, ReterFEieldiRelespEXciation

SEEREWIND: 6/ Critical Elements to Secure Motor/Generator

REA)] ty/Life Cycle

_-;;: - Specifications, astutely written with quality control metrics,

* ~ testing parameters clearly defined, requwed visual and

i guality control inspections, “no repairs”, final acceptance
performance testing, and defined warranty

e . On-site inspections at all factory/manufacturing locations —

e stator windings, stator core/laminations, field pole windings:

= likely at different factory locations

& Knowledgeable Inspection of all on-site rewind activities
Recommend one day-shift only; 10-hour shift, 6-days/week
rewind schedule; Repeat rewind supervisor/crew for
multiple Rewinds
Final Performance Testing (heat run, vibration/balancing)

_ 6. Warranty Period Inspections: 1-year (visual), 3-year
(visual), & 5-year (visual & testing)
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etor./.GeEerator Llf@gyﬁg" -"‘ '

Ol (C e e LOIWASSE RS UBGIASS L EEVCIES n———
!,é. : ;I—ator Wlndlng Replacement (coll/bar design):
typically, every 30-35 years (13 — 15 kV)
“depending on voltage class

j-‘j.":Stator Core/Laminations Replacement
- (punched/laser cut): typically, every 70 — 75 years

== 3. Rotor Field Pole Winding Replacement
= (reinsulated): typically, every 70 — 75 years
4, Rotor Field Pole Amortisseur Windings

Replacement for motors: Varies, depending on
excessive starts, every 70 — 75 years

5. Excitation Replacement; Limited Discussion




iheRewind Process — Be Intentional, PMiProtocols

Dedicated, Project Managg S—
I)." atol ’*‘_ Background/Knowledge

2 peC|f|cat|on Knowledge/Experience

J) Responsible for Tripple Constraint: Budget,

| ‘Schedule, Quality

=" -_~*4) “Boots on the Ground” Capability

= = 5) Communicator/Decision Maker/Accountability
~ 1 6) Weekly Project Status Reports

/) May be “on-site” Inspector or Inspector
Reports to PM
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The " Rewind Process'= Be Intentio
“Jiear. Down: Phas

SN HBronehIVisuall Inspection & Documentation Before Tiear Down
— Stator Wigdiglejos - - |
EXISUNG Y mdlng — confirm wmdmg orlglnal design 1Y, 2Y, etc.
2 Wigleliglep _J sulatlon — asphalt, mica B-stage, Mica VPI, etc.
2 churs —umentatlon Ce— ===
2 |JJ: I -W|nd|ng hot spots;100¢ "-__.A.\;\, POLE
= Jurc Co e Lamlnatlons & '
§tﬁre ‘being replaced? Ifing ’ ob.

= ﬂ's found' Laser Measuremg@
— Magnetlc Center

o O_CQre Hot spots?

- ® Core back iron waves?
® Segmented Core?
e Core Fretting? Core Buckling?s

RS



Ti

— SCEOF REIE ;
StctopEorelUpperandillower Einger
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ola Pleite _[ru < t1on
IViEasurer en’cs of Stator Frame (circularity, verticality, concentricity)

relffle J\/J_u}h' gRequired?  \ % H w e
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e _r’ Movement?
= étumentatlon

— rjdtck —WTﬁHings

:N~*" s-Found Megger

== ’. /X§:F0und Pole Drop

_ ® Asbestos Insulation?
® Rotor Dove Tail NDT
e Amortisseur Winding »

® | aser Measurements
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REWIRd Proces
Down Phase - Stato

As Found Stator Core ' Remove Stator
Laser Measurements Wlndlng

Remove
Through-bolts
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g Stator e Stator Frame Sole Plate

Cleanin
Frame Sole Plate [ Cleaned and Lubricated




esRewind Process — Be Intentional

eabown Phase — Laser Measurementsy..

:" Stator Frame Laser
‘ Measurements

"

Stator Frame Laser
Measurements
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The"Rewind Process'— Be Intentio:

Qe Pnase S otator Frapeddeth

i =

” 1wl | Frame Cutting Machine
T = Two Cutters
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Cut 1: 20 mils; Cut 2: 15 mils; Cut 3: 15 mils;
Cut 4: 10 mils; Cut 5: 10 mils; Cut 6: 10 mils
Cut 7: 5 mils; Cut 8: 5 mils; Cut 9: 5 mils

Final Laser measurements of Stator Frame:

All tolerances were achieved

Circularity: .0023; tolerance: .0125

Verticality: .0023; tolerance: .0125
Concentricity: .008; tolerance: .0125 12



TThe"Rewind Processi= Be Intentio
ieaiRBDown.Phase — Rotor i

Rotor Spider NDT ‘ ; 5 __,.- )
T8 | Amortisseur 2 |
: ] Winding Damage N L



nd Process'= Be Intentional.
ebuild.Phase = Stato:.@_@je’ —

——— — e | . | EE
Stator Core Press | ﬂ‘i, : ‘\‘j Stator Core Loop |
T . :ﬁ | Test
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High Voltage Testing
Throughout Rewind



Process'— Be Intentio

ebulld.-Phase StatorJMﬁ
Side Packmg
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ST REWIMd PI‘OCESS'%;'BE Intentio
Rebuild-Phase Stator Windi
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Pole Group Jumper Connections
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Coil Manufacturing W= 7
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1d' Processi= Be Intentio
[Fa ctery/ﬁa nufiactuking

29 gage non-electrical
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Punched Laminations




FEaahes

Computer Qualit R

Quality Control: Burr Test, Varnish
Thickness, Franklin Test, Bend Test,
Solvent Test, Cross Hatch Test




Fatc i/ MotOT::Night :_3..1_

i

Generator Stator Frame 10

Motor Rewind Final AC High
years in operation; 250MVA

Voltage Test at 2E + 1000

W‘w

i gl L, UL

(st
.“ /i 3 ‘

Wiaua

\
]

i

‘ l
|

i

p—— -
Motor Lamination Split; 73 WL
G NEms

years operation

Bgct
iHE




senerator/Motor Rewind -

Take Aways J o

IMENG Cr]'lJ CallE ements to Secure‘Rm}-Generator RellabI|ItV/Llfe Cycle:
IDESpecifications, well written with quallt control metrics, testing parameters clearly
‘[ef]fgl [Eguiredivisual’and guality*controlfinspections, fi
PEGNMance ﬁstlng, no repairs”, and defined warranty
OR=Site inspec tions at all factory/manufacturing locations — stator windings, stator
G or~/JrlrrJ]n=\'r]'c [ ‘3‘ field pole windings: likely at different factory locations
IISPECtion of all on-site rewind activities — on-site for full shift/ 6-days/week
egomrr end one day-shift only; 10-hour shift, 6-days/week rewind schedule
Final Per ormance Testing (heat run, vibration/balancing)
=6 .\;lu; an yPerlod 1-year, 3-year, & 5-year inspections
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_...Pr"o1ect Manaqement Skill Set:
- 1) Specification Experience
2) Generator/Motor Background/Knowledge
3) Responsible for Tripple Constraint: Budget, Schedule, Quality
4) “Boots on the Ground” Capability
5) Communicator/Decision Maker/Accountability
6) Weekly Project Status Reports
7) May be “on-site” Inspector or Inspector reports to PM
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HYDROVISION U CONNECTING THE GLOBAL COMMUNITY

INTERNATIONAL OF HYDRO VISIONARIES

QUESTIONS

DONAKO. DHR Hydro Services, Inc.
Energy Technology Excsllence ) Over Promiss, Ovsr Deliver
Booth 804
Bartosz Mikolajczyk David Roose
bartosz.mikolajczyk@donako.com.pl droose@dhrhydro.com
Europe Contact USA Contact

+48 691 514 468 916 296-4447
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