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Introduction

The lgarapava hydroelectric power plant comprises 5 x 42 MW bulb unitedrioGrande
River which borderghe states oMinas Gerais and Sao PauloBnazil. Theowner is the
lgarapavaConsortium which compriseve companiesCompanhia Vale do Rio Doce —
CVRD, CompanhiaVineira de Metais -CMM, CompanhiaSiderurgia Nacional €SN,
Companhia Energética ddinas Gerais -CEMIG and MineracdoMorro Velho. The
generators were designed by AHBazil andturbines were supplied by Voest-Alpine of
Austria.

These are thérst bulb units to be installed iBrazil. Thus,the owner insistedhat they be

fully equipped with a complete, on-line machine monitorsygtem whichcould monitor
various generator parametdos condition-basednaintenancgurposeright from the units’
commissioning. The monitored parameteme: rotor-statorair gag; radial andaxial shaft
vibration at generator and turbine guide bearings; hydraulic pressure; generator MW,
generatorMVAR; generator voltage; stator current; exciter current; stator temperature;
upstream and downstream water levels; upstream and downstream water pressures.

At Igarapava, thenominal rotor-statoclearance is 1Inm, therefore air gapmonitoring
becomeseven more critical, especially sincetator saf)leading to air gap distortion is
common to many bulb units around the world. For bulb-type genertitertgarapavainits
are considered large machines and air gap monitoring was judged to be indispensable.

Background

On July 27 1999, Igarapava Unit #2 hexperienced rotor-stat@ontactwithin 5 months of

unit commissioning. This led to a lengthy and costly outage to riagaumit. At thetime,

the machine monitoring system which was to be supplied by VibroSystamdéda had not

yet been installedDue toproject constraintdJnits 1 and 2 did nohave theirmonitoring
systems commissioned ime for the start up of thesevo units. Uponoccurrence of the
rotor-stator damage, the commissioning of the ZO&pdtem for all 5 units waaccelerated

while, concurrently, the main contractor was investigating the cause of the rotor-stator contact.
From the contractor's perspective, thdility had purchasedthe monitoring system
specifically to avoidsuch a problem. Thus, it was orlbgical to make the systemfully
operational as soon as possible and to use it for its intended purpose.

In September of 1999while at the Igarapava site to completgstem installation and
commissioning on Units 1, and 5, VibroSystM took the opportunity to performtest
measurements on all five units. After reviewing polar plots and trends stattesisiystem
database, VibroSystM noticed an irregularity on the previously commissioned Unit #4.



Rotor-Stator Air Gap Problem on Unit 4

A total of four air gap sensoese installed on the perimeter of the stator core approximately
25 cm (or 10 inches) from the edge of the stator iron. Seasernsistalled at the 45135,
225 and 318 locations (se€igure 1).

During the tests of the ZOOM system on Unit 4, an anomalydetected in theotor-stator
air gap at th&25° sensotocation. Basedipon data thatwas displayed withthe ZOOM
monitoring software, VibroSystM suspectdte presence of ump™ on therotor rim.
Using the historical displagapability of theZOOM software, it was possible tsolate at a
point in timethe “signature® (i.e. minimum air gap value ofach polemeasured over one
rotor revolution) of each air gap sensor.

In order tofacilitate the interpretation of aigap data,VibroSystM references air gap
measurement to rotor polegther than to time. Simplified, thimeansthat aphase shift is
performed on three of the four air gap sensors to align all four air gap traces accotigiig to
poles (for a detailed explanation, gggendix A).
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Figure 1: Cross-sections of bulb unit showing air gap sensor locations on stator wall plusher
monitored parameters.

By isolating the signature of each of the four air gap sensors, it was possdsatiiy if the

bump was permanent or transient (Begures 2 and 3. A permanent bump would result in

all four air gap sensors seeing the same signature trace. A trdmsigmtwouldresult in all

four air gap signals showing a different trace. By using the ZOOM software, it was possible
to determine that the bump amplitude varied depending upon the angle to which the rotor was
turned. Themaximum bumpamplitude (ormostcritical air gap) occurred when rotqole

#39 passes in front of the 22&nsor.
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Figure 2: Air gap signature of all four sensors showing rotor profiles atSpeed No

Load (S.N.L.) In all figures, delta markers indicate variations between a
stable rim location (pole 59) and the worst movingrim location (pole 39)
along with numerical values for each curve displayed at bottom left.
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Figure 3: Air gap signatures of all four sensors at full load(42 MW). Note the

dramatic shape variation for 225 sensor between
compared with other sensors and with Figure 2.

poles 52 and 29
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Figure 4: Air gap signature of opposite sensors at 45and 225 showing rapid
deterioration over a period of 9 days.

Table 1: Air gap differences for Pole 39 (location of greatest
rotor rim movement) over a 9-day period

Sensor Pole 39 / 42 MWin mm)
Sept. 7 1999 Sept. 16 1999 Difference
45 deg. 9.89 9.57 -0.32
135 deg. 10.17 9.74 -0.43
225 deg. 10.10 9.44 - 0.66
315 deg. 9.37 8.98 - 0.39

VibroSystM plotted the 225and 43 sensors and compared these with the sdetefrom a
week earlier. From the signaturedggure 4 and data oTable 1, it was clear that even over
the course of one weelthere was significant deterioration of the agap. Polar views of
generator irFigure 5 compares rotor rim profiles under two operating conditions LH.L.
and full load) and irFigure 6 compares rotor profiles at 42 M\ldad taken 9days apart
(September 7 and 16, 1999).

In studying the data,VibroSystM alerted CEMIG that the monitoring systemclearly
indicated a potential rotor-stator air gap failure could occur at any time.
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ZOOM | Station: IGARAPAVA
2X | Generator: GEN 4
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Date & Time: A 1999/09/16 14:26:45
B 1999/09/16 13:19:07
Location: Top
Comment: Test at 42 MWatts
Testat S.N.L.
At Cursor
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Processing Results
Roundness
Rotor 1.17 mm
0.97 mm
Center Offset
Rotor 0.24 mm at 129°
0.30 mm at64°
Air Gap
Maximum 10.60 mm Pole 49
10.23 mm Pole 35
Minimum 9.43 mm Pole 39
9.26 mm Pole 17
Mean 10.09 mm
9.93 mm
Mode
Rotation: CwW
Speed: 112.53 RPM
Generator Data
Nominal
Air Gap: 11 mm
Power: 42 Mwatts
Speed: 112.50 RPM

Figure 5: Polar view of generator comparing rotor shapes at S.N.L(B) and Full

Load (A) using 225 sensor.

Numerical values at right stress thearious

changes in roundness, offset, angle, best/worst locations.
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Figure 6: Polar view of generator comparing rotor shape deterioration over
period of 9 days (at full load of 42 MW).




Actions Taken

Realizing the gravity of the situation and the potential danger ointhenent rotor-stator
contact, theCEMIG supervisingengineer immediatelgontacted theCEMIG head office.
From its Belo Horizonte headquarteSEMIG engineers werable toremotely access the
ZOOM data via their remot2OOM controller andconfirm that thedanger of an imminent
rub wasreal. TheCEMIG engineers printed the relevat®®OM plots showingthe results
and faxed them to the generator manufactugandgect office. Upon further studyCEMIG
shut down the machine and requested the generator manufacturer to inspect the rotor rim.

Two days after the order was given to shut ddenunit, the generatonanufacturer visited
the plant to conduct further investigations. It discoveled Unit 4 was in muchworse
condition than Unit 2when its rotor hadcontacted the stator.Percussion tests were

performed on the rotor rim bolts to the spider. Several bolts broke in the course of testing.

was evident that theotor rim was loose oithe spider and during machine rotation, this
imbalance was overstressing the bolts and causing them to &MIG and the generator
manufacturer havperformed aletailed generatatesign review to corre¢he problem and
prevent its reoccurrence.

Conclusion

This is a clear case in which the air gap monitoring feature Z@@M system wasble to
predict animminent rotor-to-statocontact intime that preventative action could be taken.
CEMIG wasvery pleasedhat its investment inthe ZOOM systemhad paid dividends.
“With this one event, the fullmonitoring system investment fothe entire plant had
already paid foritself beforeall units had even beencommissioned; commented one
CEMIG Engineer. CEMIG is nowlosely monitoringthe air gap and overall machine
condition ofall five generators to ensutbe IgarapavaConsortium’s investment ifully
protected. On-line monitoring (as opposed to periodic, off-line measuremepésjicslarly
useful since this cadeas shownthat a critical airgap change can occower a period of
weeks for whichperiodic, off-line measurementare insufficient to identify and correct a
problem before it turns into a costly forced outage.

Air Gap: Clearance between fixed (stator) and rotating (rotor) parts of a generator or motor.
Stator Sag: Tendency of the stator shape on a horizontal machine to flatten (oval shape) under
force of gravity.

ZOOM System: Abbreviation for Zero Outage On-line Monitoring System. It is a multi-parameter,

on-line machine condition monitoring system for hydroelectric generators/turbines. ZOOM incorporates

in the base system an Air Gap Monitoring System (AGMS). ZOOM and AGMS are manufactured by
VibroSystM of Longueuil, Canada.

Rotor Bump: Area of the rotor rim shape that moves outward from a normal circle. It is synonymous
with loss of clearance, thus critical air gap.

Signature: Measurement of the minimum air gap value of each rotor pole over one machine rotation
showing rotor shape profile as seen by each sensor.

It



APPENDIX A

Introduction to Air Gap Results

1. Comparison of Reference Methods
2. Comparison of Generator Shapes



AIR GAP RESULTS INTRODUCTION

1. COMPARISON OF REFERENCE METHOD

As opposed to traditional
time-referenced methods
of monitoring, VibroSystM's
AGMS is based on a
pole-reference approach.
The air gap being the
smallest electro-mechanical
step of the machine,

the poles serve as

physical references along
the machine axis allowing
for easy analysis by
maintenance engineers.

Example:

Top View of a
Perfect stator
perfectly centered
with an almost
perfect rotor

(one pole [PS] is protruding

to help in the comparison
below)
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AIR GAP RESULTS INTRODUCTION

2. COMPARISON OF GENERATOR SHAPES

Perfect Rotor and Stator / Centered
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