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ABSTRACT

Two very flexible generator rotors of identical @gswere refurbished and high speed balanced by a
turbine-generator manufacturer other than the OElMshop tests and the balancing results were very
good, showing no anomalies. After placing the fiotbr in operation it exhibited load dependent
vibration with a “thermal vector” proportional todd. A second rotor went through the same procgss b
the same non OEM. This rotor also exhibited a ‘ftiervector” when reinstalled, but at one half af th
magnitude of the first rotor. A major observatioasithat both rotors had large residual body
eccentricity, with first rotor having the eccenitiydwice of the second rotor.
This paper deals with a Root Cause analysis ofdtues behavior described above and solution.
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INTRODUCTION

High speed balancing of rotors in bunkers was énpaist an exclusive domain of turbo-generator
manufacturers. Each OEM had developed their owmogedf correcting unbalance based on
engineering philosophy, cost and market requirem@nb]; these philosophies were later emulated by
the industry. In most cases the final results laeesame as far as vibration amplitude indicatidns a
measuring locations. Measured points were typicllyearing locations.

The unique problems may arise when balancing flexitors which body eccentricities are above
ISO 1940 limits. Typically, these generator rotars also inescapably operating at or very closbdip
3 mode. In these cases the applied method of baigihgicomes crucial in leaving rotors balanced by
bringing their mass center axis coincidental wittational axis, or bringing only the sum of modal
masses in line with rotational axis.

In the first case more of the unbalance forcesmarhent are resolved to zero. In the second case
the remaining moments from centrifugal forces asolved by deflecting sections of the rotor in some
distorted contour. The resulting deformation paian in some cases become a point of thermal
sensitivity. The result of thermal distortion prof@nal to heat input is increased vibration. The
magnitude of thermal sensitivity of the eccentator depends strictly on the residual body ecceibyri
of the rotor prior to balancing and the applied moetof balancing.

CASE HISTORY

The Unit 1 generator rotor #542 had experienced tpendant vibration change since its
installation and placement in service after refsibnent and high speed balance. Rotor #777 which was
removed had never exhibited “thermal” sensitivitgllowing initial discussions and review of the
operating problems experienced, an investigatiah@fotor behavior was initiated in an effort to
determine the likely root cause and potential ngsmh of the vibration issues of the rotor #5424slt
important to note that during thermal transientsept on the exciter, there was no significantaiion
response on the rest of turbine train.

The scope of analysis included the following:

* On-site data collection of rotor response for datren with theoretical modeling work.

» FEA model of the rotor based on data provide byGhent.

» Simulation of unbalance response to approximateudient vibration behavior of the rotor.

» Evaluation of unbalance response in relation tatieemal (load dependant) behavior of the rotor in
order to characterize location and magnitude ofdhd dependent change in vibration.

* Provide conclusions and recommendations basedaiysa

History of Rotor

A spare generator rotor #542 was purchased bytifity tor a change-out / upgrade program. The
spare rotor, a duplicate of the existing genenadtors, was originally manufactured in the late @97
for a unit that was never assembled or placedrivicee The essentially new rotor had been in gi@ra
for ~25 years before being purchased for use atttmon.

There are three rotors involved at the station.aVaid confusion, they are identified as follows:

Identification ID Number
Unit 1 Original Rotor 777
Unit 2 Original Rotor 778
Spare Rotor 542

Table 1: Rotor identification numbers
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The specific rotors involved in this study are $ipare rotor #542 which after refurbishing was
installed and briefly operated in Unit#1. After exigncing “thermal” sensitivity, rotor #542 was
removed and a refurbished rotor #777 was placek inddnit#1.

The rotor #542 was inspected at the shop of an@Bk\ prior to its installation in the Unit 1
generator. The rotor retaining rings were remaweatrder to carry out inspections and recommended
upgrades. Several non-magnetic rotor slot wedges vemoved and replaced with magnetic steel
replacements by others. During this inspectioa,rttor winding was not removed. The rotor was
reassembled, electrically tested, high speed bathand over-sped. Running electrical tests ariteat”
run” were conducted. The electrical tests andrizaaondition were reported to be satisfactorye Th
rotor balance and heat run were conducted in awadwnker.

Upon delivery of the rotor #542 to the stationyés installed in the Unit #1 generator for operatio
during the spring of 2005. After 1 month initigderation at part load, and field balancing to ootrtd®
vibration, the #542 rotor experienced a rise irration amplitude and shifting vibration phase angle
when reaching 3600 rpm, after each restart. Rdsorexperienced vibration changes with increase in
load from each new position at 3600 rpm. The maxringenerator reactive load was limited when
vibration reached 0.008 mils peak to peak.

After an attempt to “shift” a thermal vector by &iate correction in July, 2005, the machine was
over-sped to 110% of rated speed. Following ther-epeed, the machine was held at 3600 rpm for 2
hours with no load. During the 2 hour period, thir vibration phase shifted 18@vith a ~6 mil total
vector change. After the event, start-up behavidhe rotor had been consistent and very low. But
vibration level and phase angle changes underdoatinued, with a ~8+ mil thermal vector observed a
both generator bearings, acting in essentiallystdmae direction.

Following the vibration problems experienced whike #542 rotor, the utility learned that several
rotor slot wedges had been replaced during inspeetork on the rotor. Several non-magnetic steel
wedges had been removed and replace with magmegicveedges. No other observations regarding the
rotor inspection that could be related to the wibrabehavior were identified.

SITE DATA — VIBRATION CHARACTERIZATION

Vibration response data was collected on-site senke and compare the response of the rotor to
thermal load influences and to collect shut-dowta@s comparison and validation of the FEA model
and analysis.

Load change data for the Rotor #542:

Load Field | #9 Vib.

Da_ta mils p-
Point 1w [MVAR | Amps | p

1 887 0 4166 6

2 881 0 4174 6

3 882 | 210 | 4705 8

4 585 0 3260 1

5 589 | 273 | 4217 5

6 28 70 | 2597| 05
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Table 2: Generator load points

Data noted above represents the steady state iwondiiserved before load change and after
vibration had stabilized. In all cases the vilmatstabilized within 3-4 hours after initiating laange in
load. Response at each bearing was essentiallgrandnd symmetric. The absolute vibration (1X
uncompensated) at the #9 bearing is used as repagge of thermal response.

Rotor vibration changed with load in response torbeating. The rotor is primarily heated by
rotor winding resistance“R) losses. There is an additional heating effeenhfother stator losses. The
rotor is hydrogen cooled and thus affected by thvasmble losses dissipated by the hydrogen. The
following table shows the approximate loss distiifu for a generator and estimates the variablegl®s
involved. For a water cooled winding, only a pantiof the variable stator losses are dissipateithdy
hydrogen.

Approximate Generator Loss Distribution:

Stray Loss 10%| Proportional to MW output - dissgoklby B 10%

Stator fR 14% Proportional to MW output - primarily dissipatien 20 34%
Loss cooling water

Rotor FR Loss| 23% | Proportional to field curréntdissipated by bi 23% | 66%
Core Loss 13%| Constant at rated voltage

Friction Loss 23%| Constant at rated speed

Windage Loss| 17% Constant at rated speed

H. Dissipated Variable Losses (% of Total)35%

Total Losses:| 100% % of Variable Losses Dissipated by:H 100%

Table 3: Generator heat losses

By calculating the percentage change in load rélagating of the rotor and comparing this to the
change in vibration, proportionality of responsa ba evaluated. The following graph (Fig.1.)
illustrates the result of the load change datauatadn. The change in rotor vibration observedhis i
general agreement with load related heating affgdtie rotor (Fig. 2 and 3)

Vibration Change with Change in Rotor Heating
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Figure 1: Vibration load dependency
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The polar plots of the load test clearly illustrte thermal response of the Rotor #542.

POINT: Brg@abs /30" Right 1X UNCOMP 0.861/261° @14:47:34

Sintgmipp FULL SCALE CCW ROTATION

Figure 2: Bearing 9 Abs. — Thermal Response of Rotor #542

POINT: Brg 10 abe /30°Right 1X UNCOMP 0.822/260° @14:47:34
MACHINE: GENEE
From 28JAN2006 14:23:05.2 To 31JAN2008 15:22:34.8 Startup

Sintgmipp FULL SCALE CCW ROTATION

Figure 3: Bearing 10 Abs. — Thermal Response of Rotor #542

Following the load test, shut-down mechanical deda taken. After the generator was taken off
line, rotor speed was increase to ~3700 RPM in drdebserve the™mode response of the rotor. The
polar plot of vibration shows a phase angle chamgkpeaking vibration at ~3650 rpm. As speed was
reduced further another peak is observed in ~33@0rgmge. The double loops likely result from the
asymmetric rotor/bearing stiffness in the vertimadl horizontal axis (Fig. 4 and 5).

The polar plots of the shut-down appear to conflimproximity of the % critical to operating speed
and the residual bow eccentricity effect on vilmattesponse of Rotor #542.
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POINT: Brg9abs  /30° Right 1X UNCOMP 0.889/261° @3589 rpm
MACHINE: GENTE
From 31JAN2006 15:30:01.2 To 01FEB2006 03:34:27.7 Startup

CCW ROTATION

2imgmipp FULL SCALE 370

Figure 4: Bearing #9 Abs. — Mechanical Shut-Down Response of Rotor #542

POINT: Brg9abs /30" Right 1X UNCOMP 0.989/281° @3589 rpm
MACHINE: GENTE
From 31JAN2008 15:39:01.2 To 01FEB2006 03:34:27.7 Startup
intg mil pp
2
3600
3506 98
2ingmipp FULL SCALE CCW ROTATION

COMPARATIVE BALANCE DATA EVALUATION
Rotor #542 / Rotor #777
Data was provided by the Client for both the #5d4@ #777 rotors. Body balance weight

distributions (as-received and after high-speedrxa) and rotor runout measurements were provided
for both rotors. Comparative evaluations were edrout using this information.
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Body Weight Evaluation Rotor ID #542 Rotor ID #777
As-Received Final As-Received Final

Egt“a'?fa'e”t Effective Weight | 15 5 g 13.8 Ibs 75 Ibs 8.0 Ibs

Effective Angle with respect 51° o 338 347

to Pole 1 Center:
Equivalent Eccentricity based
on Effective Weight Total:
CF Effect of Equivalent
Effective Weight:

CF as % of Total Rotor
Weight:

0.0018 in 0.0019 in 0.0010 in 0.0011 in

110,3151bs | 112,411 1Ibs 61,333 Ibs 65,196 Ibs

67% 68% 37% 39%

Table 4: Rotr weight body evaluation

Based on the evaluation above, there is a signifiddference in the weight placement and amounts
of weight needed between the two rotors.

The equivalent CF effect of the weight, in the calthe #542 rotor at 68% of the rotor weight, is
significant. In general, when the CF effect ofdvale weights approaches 50% of the total rotor geig
the weight is generally required to correct forgn#icant eccentricity of the body with respectthe
rotational axis of the journal centers or other sr@symmetry. Machining tolerances not being met or
bowing of the rotor are usual reasons for this doord

Plots (Fig. 6-11) are of the “as-received” and dfincondition effective weight vectors, for each
body balance plane. Only the # 542 rotor is preskhere for illustration purposes.

Rotor #542 Body Weight Evaluation Plots — As-Reediondition
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Figure 6: Polar Plot of Weight Effect across Rotor Body Figure 7: 3D Plot of Effective Weight across Rotor Body
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Figure 8: Rotated 3D View Looking Horizontally at Pole Axis (00) and Looking Down at Quadrature axis (900)

Rotor #542 Body Weight Evaluation Plots — Final Gition
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" Figure 11: Rotated 3D View Looking Horizontally at Pole Axis (00) and Looking Down at Quadrature axis (900)

Comparison of the final balance condition of boaol@at weight placements shows a significant
difference to rotor’s “as received” condition. Tékective weight for the #542 rotor is concentdate
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primarily on one side of the rotor, but the weighisal distribution differs greatly between “as
received” and “final” after balancing, indicatingsggnificant weight asymmetry or eccentricity ireth
rotor body. The #777 rotor shows approximately tred influence compared with the #542 rotor using
the same evaluation method.

Runout - Evaluated Eccentricity

Runout measurements for the two rotors, providethbyClient, were analyzed. Evaluated
eccentricity was calculated from the runout datavgled. Runout measurement data was
mathematically evaluated at each axial measuriigt.po

It is important when analyzing 2-pole rotors torseggte the influence of the pole vs. quadraturs axi
stiffness, represented by the 2X term. The remgi{iLX) eccentricity is a measure of mass
displacement from the true centerline of rotatiefirted by the journal centers and has a significant
influence on rotor balance condition. Other commisi@f TIR (Total Indicated Runout) like lobe and
ovality are also segregated by the software praogss

The evaluated 1X eccentricity conditions, as sihawthe following plots, were noted. Again onleth
#542 rotor evaluated eccentricity is presented (fage 12)

Rotor # 542 Runout Evaluation — Data from Balanaek&r Containing Body Runout Values
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Figure 12: Polar and 3D plots of evaluated eccentricities at selected body locations

Note:
1) Axial lengths between points in the plot are equsflaced and not to actual length between measpoimgs on rotor.
2) Plotincludes points on shaft ends and body, redtiding retaining rings.
3) 0°Reference not known.

The maximum eccentricity of the rotor body withpest to the journals is approximately:
Rotor #542: ~0.0013” vs. 0.0018” - 0.0019” (equivdlbased on balance weights)
Rotor #777: ~0.0004” vs. 0.0010” - 0.0011” (equivdlbased on balance weights)

The maximum body eccentricity for each rotor roygtdrrelates with the equivalent eccentricity
calculated from the body balance weight placements.
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ROTOR FEA MODELING AND ANALYSIS

Based on the above analysis of the weight placedistitbution and
data supplied by the client an FEA model of theretas developed in
an effort to explain the two observed differentdabrs in operation of
rotors #542 and #777 before and after refurbishibghould be noted

that couplings stiffness springs were added teebstmulate coupled

rotor in the field.EFigure 13).

== o=o=-=o=o=oxooxo=o—=o_=o_o==-=.—=.= 910 9 I g = g = = SR A= (010 (100 SN
AGH| 2

9
s

Figure 13: FEA Model of Generator 542 Rotor

The undamped critical speeds and corresponding istoajges were
calculated from the developed model. The followilhgstrations show

| the results of the calculation (Fig. 14)

Critical Speed Mode Shape, Mode Mo.=1 Critical Speed Mode Shape, Mode No= 2
Spindthirl Ratio = 1, Stifhess: (Koe+kindi2 Spinftvhirl Ratio = 1, Stifness: (kKoo kind/2
Critical Speed =777 rpm= 1295 Hz Critical Speed = 1977 rpm = 32.95 Hz

Critical Speed Mode Shape, Mode MNo= 3 Critical Speed Mode Shape, Mode No.= 4
Spinfwhirl Ratio = 1, Stifness: (Koo kind2 Spinfthirl Ratin= 1, Stifness: (Koo kni2
Critical Speed = 3636 rpm = B0.60 Hz Critical Speed=4812 rpm = 8021 Hz
® @
i ] B _ [ [ [ | _

- ———

Figure 14: Rotor undamped mode shapes

10



ISCORMA-4, Calgary, Canada, 27-30 August 2007

Critical speeds for the rotor match the respongbefotor as observed during shut-down of the
machine. It is significant to note that the ratams nearly on top of itsmode and assumes th8 3
mode shape at operating speed. This rotor wildmsitive to unbalance due to the proximity of its
operating speed to this critical speed.

The large changes in phase angle after reachin@ 380, experienced initially between subsequent
start ups are likely the result of the initial lool and releasing of some wedges and magnifiechesgo
response to unbalance conditions due to proxiniitgritical”. Thermal changes that result in
deformation of the rotor and influence mass ecégtytrof the rotor will act to excite thd3mode
resonance at load.

The damped whirl modes were also calculated andlast&rated as follows (Fig. 15)

Precessional Mode Shape - STABLE FORWARD Precessian Precessional Mode Shape - STABLE MIXED Precession (3% F, 96% B)
Shaft Rotational Speed = 2600 rpr, Made No= 5 ) Shaft Ratational Speed = 3600 rpm, Mode No.= &
wihirl Speed (Damped Matural Freg.) = 1991 rpm, Log. Decrement = §.2785 Wihirl Speed (Damped Matural Freq.) = 2083 rpm, Lag. Decrement=0.1918

Precessional Mode Shape - STABLE FORWARD Precession Frecessional Mode Shape - STABLE MIXED Precession (96% F, 3% B)
Shaft Rotational Speed = 3600 rpm, Mode Mo.= 7 Shaft Rotational Speed = 3600 rpm, Mode MNo=8
wihirl Speed (Damped Matural Freg.) = 3538 rpm, Log. Decrement= 0.3641 Whirl Speed (Damped Natural Freg.) = 3723 rpm, Log. Decrement=0.1031

Figure 15: Rotor damped critical speeds mode shapes

The damped whirl modes further illustrate tfferBode configuration assumed by the rotor at
operating speed.

The 3% mode operating mode shape of the rotor has pofritglection ~1/8" of the body length
inboard of each retaining ring. The central “2¢8 body length acts on one side of the axis ation.

11
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Unbalance Response of Rotors to Weight Placements

The weight effect at each body weight plane fohlibe “as-received” and “final” condition
effective weight vectors for each rotor were appte the FEA rotor model to compare the effecthef t
weight placement on ideal rotor at the operatirgegpof the rotor. The following unbalance response
plots resulted as seen on Fig. 16a, 16b, 17a and 17

Shaft Response - due to shaft 1 excitation
Ratar Speed = 3600 rpm, Response - MIXED Precession
Max Orhit at stn 1, substn 1, with a= 0.039477, b= 00034456

Shaft Response - due to shaft 1 excitation
Rotor Speed = 3600 rpm, Response - MIXED Precession
Max Orbitat sin 1, substn 1, with a= 0027936, b= 0.0025095

a) b)
Figure 16: Rotor #542 — a) As-Received Weight Configuration and b) As Balanced
Shaft Response - due to shaft 1 excitation Shaft Res e
. ponse - due ta shaft 1 excitation
Rotor Speed= 3600 rom, Response - FORWARD Precession Rotor Speed = 3600 rpm, Response - FORWARD Precession
Max Orbit at stn 1, substn 1, with a = 0.034638, b= 0.0049048 Wax Crbit at stn 1 substln 1 with 2= 0.01 7156 b= 0.00151

Figure 17: Rotor #777 — a) As-Received Weight Configuration and b) As Balanced

We note from the maximum orbit response ellipsen{sexes a & b values) that the “final” weight
configuration evaluated response is ~80% greateh®rotor #542 and ~50% greater for the Rotor
#777 than the “as-received” weight configuratioaleated response for each. In addition, the “final
weight configuration for Rotor #542 produces a d®from a circular to a flat orbit at the rotor mid
body with greater shaft centerline displacemenrdalting from the CF effect of “final” concentrated
weights.

From a balance point of view we can say that ratoimth cases are well balanced, as measured in
terms of shaft vibration at the bearings, but witbfoundly different consequences.

When a rotor moves in a circular orbit patternahsount of bending work done by the rotor is
minimal; on the other hand when it does it in aoarand elongated orbit the amount of bending work
done by the rotor is maximized. This rotor bendiag to be superimposed onto the natural gravity sag
of the rotor. The rotor goes into a twice per retion bending as it travels from a peak of the tattoiu

12
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a valley, a second peak and a second valley aridtbdbe original peak. This bending work generates
substantial amount of heat that raises the rotapé&gature in a localized manner depending upon each
individual local orbit along the rotor length. Thssa slow but steady phenomenon and probably the
source of thermal sensitivity, with increasing @sge to general heat input, proportional to load.

The following orbit plots illustrate the influenoé the balance weight distribution, as described
above, specifically for the Rotor #542 (Fig. 18a 48b).

n.0oz

0.004

0.000

-0.004

-0.008

Displacement Orhit
Station: 26, Sub-Station: 1

Speed=
a=0.0037046,

3600 rpm
h=-00023625

Displacerment Orbit
Station: 26, Sub-Station: 1
Speed = 3600 rpm

a=0.0083974, b =-0.00035023
0.008 ; :

0.004

0.000f

-0.004 |

-0.008L i ;

Figure 18: a) As-Received Weight Distribution b) Final Weight Distribution - orbit plot from unbalance response

SUMMARY OF OBSERVATION
The rotor operates in proximity to th¥ &ritical and assumes the associatdar®de shape. The
proximity of the rotor critical to operating speekes the rotor sensitive to small unbalance effect

analysis (~ Rotor Center)

» Pedestal or bearing case resonance may be exgitedop unbalance response at operating speed.
» The Rotor #542 responds to load related thermdirtga
o Vibration change occurs over a 3-4 hour periodl gtdiady state conditions are achieved at the

new load point.

o Thermal vibration response is essentially unifomd aymmetric at both ends (bearings) of the

rotor.

o Vibration changes appear to be repeatable andlatate rotor heating.

The rotor is flexible and the influence of balamgsight distribution across the rotor body can affec

the shaft centerline displacement resulting from@H effect of concentrated weights.
o The “as-received” and “final” balance weight distriions across the rotor body differed.
o The “final” weight configuration was more conceméthand arranged in a pattern reflectind®a 3

o

o

mode correction.
The “as-received” weight configuration was moremdyelistributed across the rotor body, in
relation to the body eccentricity present in thero

Unbalance response of the Rotor #542 based orsthecaived and final weight distributions
indicate maximum response orbits ~80% greater ®ffthal” weigh distribution compared to
the “as-received”. In addition to the increasehitmsize, the shape of the orbit changed from
circular to a flattened, extended orbit as a resiulteight concentration.

13
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* Body eccentricity of approximately 0.0020” (~0.008R) exists in the body of Rotor #542 based on
the evaluation of runout data. This eccentriaityhie main portion of the rotor accounts for the
lower mode weight correction required.

» Significant changes in phase angle and mechamspbnse of the rotor upon shut-down indicate a
residual thermal bow, with the bow exciting tH&ditical.

* Changes in vibration and phase angle that occaftedthe initial mechanical start-ups of Rotor
#542 indicate the presence of mechanical influetttatschanged with subsequent operation of the
rotor. This behavior eventually stabilized andepially contributed to the thermal response of the
rotor.

*  When the Rotor # 542 was removed from the genematbenuary, 2006, an inspection was carried
out by the Client. The following findings were sehjsently reported:

o0 Borescopic inspection of all rotor cooling vent pjpgys revealed no obstructions or blockage.

o0 Wedges that had been removed and replaced by atieeesfound to be “extremely tight” in
relation to other wedges in the rotor.

o The “tight” wedges were asymmetrically arrangedtkeand of the rotor and all in pole 1
winding slots).

o0 No electrical faults were detected.

CONCLUSIONS

The balance weight distribution, with concentrasiaf weight, is likely a root cause of the thermal
problem. Concentrations of weight, particularlyawery flexible rotor and with significant body
eccentricity, can create CF loads that distortr¢iter centerline in order to achieve a balancediitmm.
As observed from the unbalance response evaluatithe weight distributions, concentrated weights
result in an increase in orbits and changes tothit shape, both of which can have negative effect
also on rotor wedged conditions, particularly anpof inflection in the operating mode shape.sTh
condition could further constrain free expansiothef rotor, particularly with enlarged and distdrte
orbits.

The thermal response of the rotor being uniforincdh bearings and relatively slow in time
response indicates symmetric effect acting at émter portion of the rotor body. The slow time
response also indicates an effect pointing to dtiem asymmetric winding heating or strong resuict
to the axial expansion of the winding coils enahfur

Rotors of this design are normally wound with “leb§it wedges. The “tight” fit replacement
wedges found in the rotor #542 are a contributdahéovibration problems experienced. “Tight” fit
wedges, with “loose” fit wedges on either side wdhstrain the winding tight in the slot under the
wedge. The winding on either side will move undentrifugal load, essentially following the “loose”
fit wedges. The winding will deform around thegtit” fit wedge creating a potential pinch pointhel
initial influence of the deformation may be seemiechanical operation, but will ultimately create a
expansion restriction and add to deformation ofaineady distorted rotor thus affecting vibration
behavior.

When the refurbished generator rotor #777 was glaeek into service it also exhibited “thermal
response”, which it did not have before, and ré&f6r7 did not have “tight” fit wedges.

14
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The magnitude of eccentricity on this rotor waswbwalf of the one on #542 rotor and at 800MW
the corresponding magnitude of the thermal respaasealso about half of that from rotor #542:

HpF HpR IpF IpR  LplF B1Lp2F Lp2R GenF GenR ExcF ExcR
Jrnl #1 #2 #3 #4 #5 #6 #7 #8 # | #0 | #1 | #2
Amp | 1.1 1.7 | 22 19 [ 32 | 08 | 34 | 03 | 40 | 44 | 63 | 23
@ | 154° | 158° | 187° | 126° | 327° | 247° | 106° | 286° | 127° | 144° | 218° | 6°

With this realization the role of wedges on rotptishavior was minimized. From the Author’s
previous experience in a similar case [6] and basepreceding conclusion of the effect of conceatta
weights correction for lowest mode, an attempt masle to “unbalance”, or, overcompensate the
rotor’s first mode and diminish the effect of theight distribution at high speed by “redistributiriige
weights in two additional outboard planes.

This field balance attempt was successful in tsnapt to eliminate the thermal response, at the cos
of slightly higher response at first critical spe#dhe rotor. Final vibration readings in mils geda
peak through the load range were constant andOaVBU were:

HpF HpR IpF IpR LplplR Lp2F Lp2R GenF GenR ExcF EXxcR

Jmnl | # #2 #3 #4 #5 #6 #7 #8 # | #10 | #11 | #2
Amp | 13 | 21 22 | 24 | 52 | 04 | 40 1.2 1.8 | 06 | 39 | 08
@ | 162° | 168° | 195° | 112° | 327° | 214° | 70° | 254° | 82° | 143° | 277° | 122°

This result confirmed the previous conclusion dramatic effect of the applied balancing method
on very flexible rotors with body eccentricity, anhigh speed balancing facility.
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