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With or without the existence of a predictiveThe bearing's lubrication plays an importanfrom either rotating a residual magnetic source
maintenance (PdM) program, premature beamle in determining the path of current flow.in a magnetic housing (i.e. an eccentric rotor)
ing failure can result in unscheduled downThe lubrication acts as an insulator allowin@r asymmetries in unevenly wound electrical
time and high maintenance coststhe shaft voltage potential to build until it iswindings, turn-to-turn shorts, open or broken
Understanding why the bearing is failing is agreater than the breakdown level of the lubriotor bars, and any other fault that would pro-
important, if not more so, than knowing whercant film or metal-to-metal contact occurs. Asluce an uneven magnetic flux fiekd.

it V\_/|II fail. Ogce i:ou I_<now why, bcorr_ectl\l(;a the vloltalge I%vel Egceedshthehbr%ak?%wnbvolﬁ-his magnetic source, generated by trans
actions can be taken, increasing bearing life.age level or breakdown threshold of the beaf action, results in a circulating current

ing lubrication, the lubrication begins to oxi- .
dize. The oxidation of the bearing IubricatioricIOW from the motor shaft, through one bear

results in the breakdown of the lubrication ané] 9 th_rough the motor housing, through the
EDM: One Cause of Premature creates a pipeline or pathway for the shaft cu pposite end bearing, and back. There are tw

Bearing Failure f)'ossible sources of electromagnetic voltage:
g rent to flow through. and currents: 1) axial shaft flux, and 2) axial

Bearing damage resulting from ElectricalCurrent flow through the bearing results in ashaft current. Figures 1 and 2 show the path
Discharge Machining (EDM) isn't new. Thisrepetitive electrical arcing phenomenop
fault has been around many years before abgtween the bearing components, which cal MOTOR DRIVEN UNIT
PdM programs were in existence. In somes localized heating to the extent that metal
cases, this fault has been either overlooked imoved, damaging the bearings.

!
the haste to get the equipment back into S8fhe threshold or level at which the breakdow i—’—’ — B4
!

-d:—-:—-:—-:—T

vice, or it has been misdiagnosed and mistaks o |ubricant begins is not constan
en for another problem. Only in the last few-anges in bearing lubrication, humidity, ten
years has this fault begun to be recognized

. f ture bearing failure | Brature, and bearing component clearang
& mayor cause of premature bearing faiure i, change the breakdown threshold. Bearin
certain types of electric motors.

component clearances change with the roug
ness of the Component surface. For exampFigure 1. Axial shaft flux flow through motor
the surface of the ball bearings may appear

—= DIRECTION OF CURRENT FLOW

-

AV

What is EDM? be smooth when viewed by the naked eye, WOTOR DRIVEN UNIT
. o magnified, small peaks and valleys can |
EDM (or fluting, as it is more commonly seen. The thickness of the lubricant oil film 2
known) is the passage of electrical currerd peak will be less then it would be at a vallg J l— . —‘ I—
through the bearing. This fault is also know . . . .
. ; o : Il electrically-driven machines have som I E] ]
gs frosting, electrical pitting, and electric ar evel of AC and/or DC shaft voltages preser| |{ )
amage. , g i |
Though typically insignificant, excessive shal f4——L—14

Even though this paper focuses on bearingltages become a problem. Once the elec
damage, please note that other critical moteally-induced damage has started, norm
components can also be damaged. bearing degradation takes over, but electric

The following two conditions must exist for &7¢INg May continue.
current to flow: 1) there must a voltage poter¥he rate of failure can vary from a few montr..
tial, and 2) there must be a path to groundo a few years depending on the amount WOTOR DRIVEN UNIT
Current takes the path with the least resistanaghaft voltage present, the resistance of t

—= DIRECTION OF CURRENT FLOW

Figure 2. Axial shaft flux flow through driven unit

and .in most cases, }his is ﬁhrough the mot@earing, the distance between the bearing b T — |

bearings. However, it also is possible for thend raceway, the type of lubrication, and th 1, [ ]
path to be through the bearings of a connectegbe of bearing. R

component, such as a gearbox or a tachometer i ] ]
(see Figures 1, 2, 3, and 4). On motors with ﬁ;igel;hre?:asr%#;ezgtfi:h%ﬂ;glct?rggfatci —_— }

tachometer directly connected, the tachomet " ) 9 ’

bearings typically are damaged first since th nd 3) external voltages supplied to ro

; -windings. —= DIRECTION OF CURRENT FLOW
smaller bearings offer the path of least resisy dings
tance to groundl. Electromagnetic voltages and currents restlfure 3. Axial shaft current flow
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Bearing Damage Resulting from Shaft Voltages and Currents

Unlike marks due to particulate or undiori-
cation, they are irregular in nature and askew
to the direction of rotationWhen viewed
microscopically the bottom of the scratch
shows indications of melting due to the elec
trical dischage across #t.

currents can take in the case of axial shaft flu|
Figure 3 shows the path in the case of axi
shaft current.

Static buildup from the accumulation of
chaged ions on a steam turbine, wet gas-col
pressors, belt-driven equipment, and pap

; ; _ Identification of Fluting Using
K i Figure 5. Bearing outer race with frosting ' Vibration AnaIySiS
-
] load zone of the outer race, although it dod3earing damage resulting from shaft voltages
occur on surfaces of all the bearing compaand currents (i.e. fluting) can be seen in a high
I nents. frequencyhigh resolution vibration spectrum.
R Frosting has a symmetricaly sandbiasted 8 VR P EULIAREE S R TRAURA,
CURRENT FLOW machined appearance. Figure 5 shows a p ; oy pp
Figure 4 Current flow due o clectrostat ture of an outer race with frosting. Notice howt 122 the high frequency range between
igure 4. Current Tlow due to electrostatic source . 000 _ 4000 HZ (Flgure 8)At th|S tlme no

the center section is shadedatiéntly than on reason can be given to explain why it shows

in the vibration spectrum where it does.
e location of the mound of eggrdue to

either side of itWhen viewed microscopical
{y, the frosted surface is seen as very sm#ﬁ
individual cratersThe bottoms of the craters EDM doesrt appear to be related to running

re round and shinindicating melting due to speed or any other speed related variable. It

e electrical dischge. Frosting may be mis .
taken for chemical damage, but its craters ap been suggested that the location may be

External voltages are probably the most €comsmaller in size and dull in appearance. related to the 'natural frequency of_the begrlng
: or encapsulating structurbut there is no evi

mon reason for fluting and are usually POpiting iis similar to frosting, but the craters arel t rt thi

duced by excitation systems of the métor, ' N9 9, ence 1o support this.

This problem is common with variable fre E\{t\{er’ Iargekr,) anq tall(ppe?r fmct’tfe randomly-l-he velocity spectrum in Figure 8 was
quency variable speed drigéC motors that Itting may be mistaken for fretling corrosion.
have a high switching frequericand DC Fluting, shown in Figure 6, has the appearan
motors that use Silicon Controlled Rectifier
(SCR), which usually introduce high harmon
ic distortion into the systerithe fundamental
design and performance characteristics of tf
variable speed controllers, as well as exce
sively long power leads, are primary reasor
that cause a current like the one shown
Figure 4.This problem isit'normally seen in
constant speed drive&C motors since the sup
ply power is cleaner

machine rolls can produce electrostatic -vol
ages and current$his causes a current flow
from the motor shaft through one bearing t
ground, as shown in Figure 4.

-y

ki VLY R R R

Another external voltage source that coulFigure 6. Bearing outer race with fiuting Figure 8. High frequency spectrum showing fluting

result in bearing damage is welding. If the-sy:
tem isnt grounded properly during welding,
additional voltages and currents are intrg
duced, which results in bearing damage.

Visual Identification of Bearing
Damage Due to EDM

|
!

Visual recognition is one of the key elemen i ﬂ-
in determining whether EDM is the root caus v A
of the bearing failure. Many times this is over
looked or the bearing damage is so severe tt.__.
the bearing has welded itself togetﬂmt the of being machined, thereby making it the_ea:Figure 9. High frequency spectrum showing fluting with BPFO
bearing should always be inspected whenevigrst to identify as a sign of EDMhe flutes  Sideands

it fails. Even when the bearing is visuallyare very narrow and closely spaéedhis is

inspected, the problem is sometimes misdiagften described as having a washboard appeatquired on the outboard bearing of a 400 HP
nosed. Damage due to EDM has very distin@ance. Figure 7 shows a fluted outer race with500 volt DC motor using a 6000 Hz Fmax
tive characteristics — frosting, pitting, fluting, spalling. and 3200 lines of resolution. Some PdM-pro
and spark tracksThis damage can occur on ournal bearings may have spark tracks, whi€i@ms only acquire data out to 2000 Hz or less
the bearing outer race, inner race, ano_l ball ppear as scratches in the bearing surfa d miss the high frequency egeresulting

or rollers. It more commonly appears in the rom fluted bearingsThis mound of engy

| T | —

Figure 7. Fluted outer race advancing into spalling
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Bearing Damage Resulting from Shaft Voltages and Current

will have sidebands of either BPFO, BPFI, ofdentification of EDM Using Shaft to age reading since limitations in the RMS mul
a combination of bothThe most common Ground Voltage and Current Analysis  timeters can prevent it from correctly reading
sidebands are BPFO, as in Figure 9. spike voltagesThe disadvantage of using a
. . An additional analysis technique used taligital oscilloscope is that it can befitifilt to
When setting up an analyzer to acquire a-spegyack for the likelihood of damage occurringise and relatively expensive.
trum for this type of problem, it is recem e to EDM is to measure the actual sh
mended that you use an Fmax of at least 40€glta es and currents present on the sHaif
Hz and a minimum resolution of 800 Iinesi do%e by placing a [s)haft riding brush Wir CSI Model 348SPshaft probe (Figure 10),
Acquire data using an accelerometer an hisker o)r/ gther gon ductive icgku diréctl Swhich is simple to use and can acquire all of
mounting techniques appropriate for the hig the rotating shaft and me agu p npth ea C%:Jt e required measurements when used witl
frequency range and take the readings in S ltage an dg current  levels tog round her a CSI Model 26, Model 2120, or
horizontal direction of both the inboard an%easglurements should be made on gither tkl]JeItraSpe® 8000 analyzer
ggtt:ﬁf‘erdonbee?]ri'nﬁ?é 32?1(:pipeggr'ﬂ'mt?ﬁ%hinboard or outboard section of shaft as close fhere may be other devices on the marke
guire one hig q Y Sp the motor bearing as possible. Making meaapable of making the required measurements
axial direction only to look for this fault. surements on the other side of a coupling &ut | am not aware of them.
As shown in Figures 8 and 9, this type of faulbther connecting device can add additiong cjean wire brush is the recommended mean
in its early stages doesshow regular bearing resistance to the measurements. Howafer of directly contacting the rotating shafthe
fault frequencies in the lower frequencythe electrical source is from the process ang}sh material should be resistant to éarbor
rangesAs the bearing fault worsens due tmot the driverthen this might not be true. buildup (this eliminates carbon brusheg).
normal bearing degradation, the regular beaj oy NG Extreme caution should be make repeatable measurements, replace t
ing fault frequencies will show up in the IoWerused when placing anything near or againstttush when worn or it displays carbon
frequency range. rotating shaft. Exercise extreme care to kedpuildup. It should also have a very low resis
Spectrum analysis can confirm bearing damall body parts, clothing, cables, etc. away frortance to provide a good path to ground for cur
age from electrical current discgarg the shaft. It is recommended that before yotent to flow
through the bearing. It cannot be used te prglace anything near or against the rotatingor[alge measurements should be made fror
dict if the voltage and current levels couldshatt that you use a strobe light and look at thga shaft to ground (e.g., the motor frame, ¢
potentially result in bearing damayéibration shaft surface to check for any possiblgoit head. a threaded lrlod or a groundi’nc
can show other electromagneticalIy-inducedbstructions or hazards, such as a key or kgifap). Ma,lke sure the grodnd connection is
phenomenon, such ad ofagnetic center and way. free of rust and paint. Record th€ RMS

tShCR C%TtrOI problems that could contribute tq, o ghat should be cleaned with a wire brusieading, the DC reading, and the peak voltag
€ probiem. before making any direct shaft measurementspiking amplitude.

Make sure that any locations used for grounglis recommended that current measurement
connections are clean of paint and rust. be acquired, first by measuring the voltage
Signs of Bearing Damage From EDM  The following voltages and currents need tdrop across a one ohm resistrd then using
Using Noise and Temperature Checks be measured to properly identify the potentic second Ilger resistor (e.g. 10 ohm) placed in
. L ) for a fluting problem: 1JAC RMS voltage, 2) series with the brush and grouddalculate

While the machine is in operation and as thg~ | ;306 “3) peak voltage or voltage spikthe current for thC RMS reading and DC
xg;aetl?gvé?vszlihlgcrrr?:sﬁn((jaugutr?n ﬂu;'ngr'aig‘?ng, 4)AC RMS current, and 5) DC current.reading for both resistor values and record.

O bearrizach of the measurements acquired are gnce all motors have some level of voltage

can also increase as it would with any beari . : .
fault. In this case the machisedperatarif nigpcseh%igfr;v :r?]telr?t?r? 't?r?]eon with the systeming current, the question is, “At what voltage

there is one, becomes an important asset since and current level do | have a problenAit-

the operator would probably know more aboutach of theAC RMS and DC measurementserature search indicates several views on whe
how the machine should sound during itsould be made using an RMS multimeter
operation than anyone. While a multimeter can be easy to use ar RELATIVEHEVERILE GIIDLINES
iinexpensive, the voltages and currents beir|[Mzasurement Amplitudes

In addition to the noise level, an increase Iheasured often arénsinusoidal in nature. | " Low | Questionable | High

anr most of my field measurements, | used &

':)emperaturebllevel can also be an indicator o, ofore 4 digital oscilloscope is a bette[FM3 ar DC <1 1-3 >3
earing probiem. device to make these measuremehtdigital ~ |Voltage (volts)

Increased noise and temperature levels onbscilloscope is required to make the peak vol |[FM3 orDC TED| TED | TED

indicate the possibility of a problem; they Current (md rmps)

dont tell you if shaft voltages and currents ar
present or what kind of bearing damage h:
occurred.

Depending on lubrication, air flgwload,
speed, etc., noise and temperature levels
or may not increase to noticeable levels wit}
the presence of bearing damage due to flutin®

Peak Voltage <3 3-10 =10

(wolts)

Table 1. Amplitude severity guidelines for shaft voltages and cur-

rents

voltage and current levels are acceptable
Differences in acquisition methods, equip
ment, bearing lubrication, bearing clearances
bearing types, running speeds, and humidity
Figure 10. CSI Model 348SP Shaft Voltage/Currents Probe could account for these fiifences.
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Bearing Damage Resulting from Shaft Voltages and Currents

Until acceptable voltage and current levels atthe resistor circuits; therefore, the acquireflindamental line frequency to multiples of the
determined, the following general guidelinesurrent levels will be lower pulse width modulation frequency would
listed inTable 1 are recommended: show external power supply problems with

TBD: These values are to be determined onadrcuit current readings greater than a 10-t0-?[1e variable speed drlves._ On pulse width
a lager body of field data has been acquiredatio (if 1 ohm and 10 ohm resistors are use%'odUIated drives, decreasing the pulse fre
Experience has thus far shown less than should be an indication of either a change i uency may decrease the voltage levels.
mAmp to be typical in single speed non-synthe system, which could result from a chang8ometimes it might not be possible or feasible
chronousAC motors. in speed, load, etc., or it could be an indicatioto correct the source of the problem. In this
The values listed iTable 1 are judgments that t_)ad_ data was ac_quiré’tthe diference can case either_ the s_haft current can b_e rerouted to
made from a general survey of literature analso |nd|_cate the resistance of the mechaniogitound by installing a shaft grounding system,
limited field experienceThe criteria are as fol system is approaghlng the resistance of th_m,l the current flow can be blocked by insulat
lows: shaft probe circuitThe resistance of theing the beanngs apd couplingith problems
L i mechanical system could be a current patfue to magnetic fields and asymmetries, the
* Low - Little likelihood of damage sustained. ., h one of the bearings. non-drive bearing can be insulated. Insulating
* Questionable - If levels are measured and the

machine has a history of chronic problems NO matter what the recommended acceptabﬁ@eﬁbea”n.gh consists of dsur_roundmg its ol:Jter
that could be related, then corrective action levels of shaft voltage and current are, the volpUnace With & non-conductive ring or callar
should be considered. age breakdown threshold of the bearing lubrPreVEm'Blg the IP;”ehf?t flow }hrough_thel bear
 High - These levels should be considered cant is the controlling factoFhe voltage dis "9 roﬂ en;s ' eht IS reSUL'f;tahC'rCU ﬁtory
unusual and that ongoing damage due to EDM chage threshold and lubricant film thicknes urrent flow from the motor shatt, through one
between the shaft and ground is probable. On is afected by mechanical and environmen eanng, t.hrOUQh the motor housing, through
new machines, if either the “Questionable” or conditions such as misalignment, vibration!'€ OPPosite end bearing, and back. Insulating
*High range is detected, check with the ven temperature, and contaminatiowhen in & Pearing other than the non-drive end bearing
dor for safety levels or for warranty assur goybt check similar machines to see wh ill allows the current flow path to be com

A difference between the twofdifent resistor

ances against damage related to EDM. their levels are as a comparison. p eted_ thrOUQh an_Other bearing, such as one on
Note: We have seen bearing damage on the driven unit (Figure 2).
machines where voltages never measured in In problems due to electrostatic or capacitive
excess of the “Low” levelsThe levels in . dischages and external power supplies, the
Table 1 may be overly conservative. Recommended Data Acquisition current flows from the motor shaft, through
Intervals for EDM one bearing, to ground, as shown in Figure 4.

Look for elevated current levels accompany
ing voltage foAC RMS and DC voltage mea Rememberall motors have some level ofInsulating only one of the bearings would still
surements. For peak voltage spiking, higheshaft voltage and current, but not all need to klow the current to flow through another bear
amplitudes are required to cross the dielectriqonitored on a regular basikhe following ing. In this case install a shaft grounding-sys
threshold of the lubricaft/oltage spiking is motors constitute the highest risk group antém or insulate both the drive and non-drive
suspected to be the major cause of flutinghould be checked: bearings along with installing a insulated -cou
bearing damage. « Variable frequency variable spea€ and pling. A_shaft groundin_g system consists_ of
Trending this data can be beneficial. Changes DC motors connecting a brush directly to the rotating
deviating from the mean value more than 3 or+ Large frame motors (over 1000 HP) shaft and redlrgctlng. the current flow to
more standard deviations should be consid » Motors with a history of unexplained chron ~ 9round-When using this method, care needs
ered excessivieand the situation investigated  ic bearing failure or failure due to EDM to be taken to ensure that the system is-main
to determine why the change occurred. * Newly installed and rebuilt motors placed tained so that it operates correctly

Increases and decreases of this magnitude can into service Ensure that any attached sensors or piping that
indicate the start or worsening of a problem ¢ Motors with shaft grounding systems can complete a path to ground are also insulat
that can introduce shaft voltages and currents installed ed.

in the system. Changes can also indicate fail * Vertical motors

ure of a shaft grounding system used to prét is recommended that other motors, not list

vent damage from EDMhe higher the lev ed above, be checked occasionally to establi ) )

els, the greater the potential for bearing danbaseline levels and for comparison to the dafa@S€ Histories

age qlue to EDMOne theory is that after the typical of the higher risk units. Case 1: At a papermill with a history of
bearing degrades to a certain pomt,_the voltage motor bearing failures due to EDM, the PdM
level starts to decrease, thus lowering the cur group noticed a fluting problem during normal

It should be noted that the shaft probe curregt epm motor This reel drum motor had operated
readings will not be the total current flowing since 1989 and used to wind the finished paper

through the shaft if there is a second patBorrective action should be taken when shafinto the spoolTo monitor for this problem,
through one of the bearingds the bearing voltages and currents exist at levels that coutiley acquire axial data with an Fmax of
lubrication breakdown increases due to theesultin EDM. For example, elevated levels ofround 3000 Hz.

EDM, the bearing resistance decreasesAC RMS or DC voltage of 1-to-2 volts andThis motor was monitored closely by the
Current takes the path of least resistance. turrent levels or peak voltages of 1.4 times tr}?apermills PdM group until a decision was
theory with a typical lubrication film, the resis RMS reading can indicate induced voltageg,ade to replace iThis papermill, like many
tance of the bearing should never be less thelne to residual magnetism and asymmetriegiars replaced the entire motor with a spare
the 1 ohm resistor circus the bearing resis Peak voltage spiking levels greater than 3-Qant the bad one out for repaind when ’
tance decreases, more current should flo®0 volts would point to electrostatic or capacenaired placed it into inventory until needed.
through it. Less current should flow throughtive dischages. Elevated voltage levels from
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Bearing Damage Resulting from Shaft Voltages and Current

Since other motors on this paper machine hi Ty ST SHAT AFSAOLTE
chronic bearing EDNproblems, they decided S _ T
: . . Station: [SEP ) REEL DRUM Station: (SEF } REEL DRUM
to install a shaft grounding system on thi Mschine 10; REEL DRUM Machine |0 REEL ORUM
motor when it is replaced JOB ID: REEL DRUM  Date/Time: 20-MAR-S7 09:13:16 JOB ID: RD ShutDwn  Date/Time: 31-JUL-G7 D8:3425
Regrettablywe lack complete data since the | eropemessuravent AL oc PROBE MEASUREMENT AT oc

last change out, but the following data wa |~ e e [ e

N . . . A millivotts G66.14 -RRAT millivolts a3 66 -0.95
acquired over a nine-month period starting i
October 1996The CSI Model 2120, with @ | . .u pes 549 G i
100 mV/g accelerometeras used to acquire
vibration data, and the CSI UltraSpec 800 | mitiam= #1 1057 .05 millamps #1 fgs g4
and Model 348SRhaft probe were used to ] ] ] ]
Figure 14. Shaft voltage & current data acquired 20-MAR-97 Figure 18. Shaft voltage & current data acquired 31-JUL-97 (first

measurment after shutdown)

was last acquired in Figure 13. Notice how the
peak voltage level is greater than 3 vaks.
recommended byable 1, this level indicates
a high likelihood of damage due to EDM.
Current levels didt'appear to change much.

e

Figure 15, acquired in the axial direction on
ALY the inboard bearing, shows the vibration level
| of the motor just before it was replaced. Figure

16 shows the shaft voltage and current levels
Note theAC RMS voltage and peak voltage
Figure 15. Vibration data acquired 29-JUL-97 (last measurement levels have dropped slightly since the last
before shutdown). Notice the amplitude scale is twice that of measurement.he current levels still appear to
=gy ) _ Figure 12. be unchanged.

Figure 11. Vibration data acquired 31-OCT-96

When the inboard bearing was pulled, the
outer race showed signs of fluting in its load

! SHAFT AMPSAOLTS zone, and the inner race and balls showe:
_ Station: (SER ) REEL DRUM signs of frostingThe motor was replaced with
] Machine 10: REEL DRUM an identical motor with a shaft grounding-sys

J0OB 10: RO Shut O DaesTime: 31-JULST7 0%:2425 . . .
v e tem. Figure 17 and 18 show the vibration anc

l_ S EAS UREIENT - i shaft voltage/current data acquired on it after il
PPL 121 L7 - SRR e S (N was installed. Notice the lower levels. Even

milfvelis oo ne though this is a diérent motorthe vibration
Figure 12. Vibration data acquired 20-MAR-97 “alts Paak 714 data shows no evidence of EDM’ andAi@
RMS voltage and peak voltage levels have
milliamps #1 2116 an dropped dfconsiderably
acquire the shaft voltage and current B iqre 16 shaft voltage & current data acquired 20-0UL-97 (st~ REPIACING just the motor only might have
motor was run approximately 1200 RPM-AUI, ¢, rement before shutdown) solved their problem, but since replacement
ing all data acquisitions. motors without shaft grounding systems didn’

Figures 1, 12, and 15 show the mound Ofncrease in the vibration level in the upper fre>VS EDM problems in the past, installing a

enegy between 2000 and 4000 Hz withquency range since the data was acquired ?ggﬂaﬁé?#gg\ggaiﬁzfg galéqzr?: a}ggemrﬁor
BPFO sidebands, which is characteristic dfigure 1. Also as the problem worsens € 1P

. . S . h . 'motor will continue to be monitored to deter
fluting. Figures 1 and 12 were acquired in theFigure 14 shows an increase in @ RMS mine how dctive the shaft grounding sys

horizontal direction on the inboard beariAg. voltage and peak voltage levels since the dat'@}n is in reducing the damage due to EDM
the problem worsens, Figure 12 shows an )

Case 2: At a plant that manufactures rubber

SHAT AFSAOLTS T : = S door and window seals, the PdM group
i e et DR ; - noticed an increase in noise and temperatur
hachine [0 REEL DRUM S levels on an 800HPC motor Vibration data

ARERe Retiren Deellime AAELRLNANS indicated a bearing problem. Considering the

motor's past history they suspected fluting as

PROBE MEASUREMENT AL als h ! - g
------- the cause of the bearing failufidne first fail
milliwolts 201.82 -26.TE . .

ure occurred two weeks after being placed intc

\bhs Peak 220 service.The bearing showed signs of fluting.
Rl The ball bearings were replaced with spherica

miliamps #1 .02 -3 s roller bearingsThe second failure occurred
Figure 13. Shaft voltage & current data acquired 31-OCT-96 Figure 17. Vibration data acquired 31-JUL-97 (first measuremnet three weeks after bemg put back into service

after shutdown)
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Bearing Damage Resulting from Shaft Voltages and Currents
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L'...-"hﬂ-‘-l'lh"-\-l—-k..-...._

Figure 19. Vibration data acquired while process ran at 457 RPM

T mT

Station: (OC J1GE DC MTRMxer (Frame 4227
hachine 10: OC hitrhdx
JOB ID: 457 RPM DateTime: 13-JUN-97  10:25:58

PROBE MEASURBWMENT AL oc
millirolt= 62370 1.5
“wirlts Peak el
milliamps #1 40208 -5.80

tical to the problem motpbut runs about a of data was takeithe vibration data acquired
year before it fails. It doednhave bearing on the inboard bearing, shown in Figure 21,
problems when it fails; it has electrical probshows the mound of emgrin the upper fre
lems. guency range with BPFO sidebarnitise out
The CSI Model 2120, with a 100 mV/g boarq vibration data acqqired on the outboard
accelerometemwas used to acquire vibrationP€@ring still showed nothing.

data and the CSI UltraSpec 8000 and Modgthe shaft voltage and current data shown in
348SPshaft probe was used to acquire thgigure 22 shows an increase in the peak volt
shaft voltage and current datébration data age levelThis reading increased to approxi
was acquired on both the inboard and- ouiately a “Questionable” levelThe current
board bearings in the horizontal direction, agyel remained “High”.

the motor ran at 457 RPM. Figure 19, taken on

the inboard bearing, doesshow the mound Concern over the repeatability of the data
between the two speed and load processes

prompted another set of data to be acquired
about two weeks lateThis time the motor
was run at a speed a little above the first
process speed, but had to be run under no load.
This time the vibration data acquired on both
the inboard and outboard bearings show-indi
cations of fluting, as shown in Figures 23 and
24,

Figure 25 shows that the shaft voltage and cur
rent readings, except for the peak voltage

e

L,.L__LH_'.II"##"-.._.M,_ _

Figure 20. Shaft voltage/current data acquired while process ran at
457 RPM

Lo bl |

Figure 21. Vibration data acquired while process ran at 944 RPM

level, which dropped to below 1.0 volt,
remained about the samdeén RMS multime

ter was used to verify th&«C RMS and DC
voltage and current readings, and a digital
e ) oscilloscope to verify the peak voltage read

Figure 23. Vibration data acquired on inboard bearing while

process ran under no load at 592 RPM

Lo BT

TN ———

Figure 24. Vibration data acquired on outboard bearing while

process ran under no load at 592 RPM Figure 26. Vibration data after motor replacement

The bearings couldnbe examined since they
had welded togetheAfter this last failure,
spherical roller bearings were put back in, bu
the outboard bearing was insulated, and th
bearing lubrication type was changed.

This plant, like the one mentioned in Case 1
replaces the entire motor with one from spare
inventory repairs the bad motand places it
into inventory The replacement motor is iden

SHAFT APSAOLTS
mrmm R
Station: (DC 1 GE DCMWTRMExer (Frame 4220
hachine 10: OC hrdix
JOB ID: 944 RP DatedTime: 13-JUH-97  10:265:41

xR T

Station: (DC ) GE DC MWTRMExer (Frame 4220
achine 10: DT hbrtix
JOBID: 592 RPMW Dae/Mime: 27-JUN-97  11:32:31

PROBE MEASLIREAEMT AL oc
millhakz 61747 1412
“oltz Peak gz
milliamps #1 504,42 -12f

Figure 25. Shaft voltage/current data acquired while process ran
under no load at 592 RPM

SHAFT APSAALTS
mrmRmRm AT
Station: (OC ) GEDC MTRMExer (Frame 422
hfachine |D: OC RArdix
JOBID: AgrREPLC  DatefTime: D2-SEP-97 12:35:23

PROBEMEASUREMENT AL o
millivohs 12195 20,66
“alts Peak 1.53
milliamps #1 107.76 -34.70

Figure 27. Shaft voltage and current data after motor replacement

PROBEMEASLIRBENT AL oc
millivals 355,85 4455
“aolts Peak 235
milliamps #1 63304 16231

Figure 22. Shaft voltage/current data acquired while process ran at
944 RPM

of enegy characteristic to flutingThe shaft jhg. Al the voltage readings matched, but the
voltage and current data shown in Figure 28C RMS current reading was 140np. This
shows low voltage levels and a significantlys the highest current reading we have seen on
higher current level then what has typicallyny motor to dateThe diference in the\C
been seen on other motors, up to this point. RMS current readings between the CSI shaft
The process speed and load changed after fiobe and the multimeter was dgtermingd to
first set of data was acquired, so a second g due to the CSI shaft probe being designed
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Bearing Damage Resulting from Shaft Voltages and Current

to read accurately only to 200 mAmhe 33.19 v (pk) to 0.01 v (pk). Since this smaltions given by this and other papers, while a
electrical circuit maxed out at about 50Qest motor didrii’have any appreciable currenthe same time gaining a greater understandin
mAmps. levels to begin with, these readings were naff it through routine monitoring and trending.

Up to this point the following conclusions canaﬁeCted'

be made from the data shown:

o o SHAFT WOLTASE/CURRENT SUMMARY —

» The presence of fluting in the vibration data i References

and the peak voltage level appear to be speed Job ID: UNGRNDED 38-ALUG-07 D9:57:54 o _

and/or load dependent. AC mibhs  DOmvblz  Vos  ACmAmps DO mAmps 1. Bowers, S.Vand K.R. Piety “Proactive Motor

k S

« The RMS and peak voltage levels are less rrns n'ns pea rrns rrns Monltorl_ng Through Temperature,“ Shaft Current, and
w . " . Magnetic Flux Measurements,” CSI 1994 Users

then the “Questionable” levels givenTable RN a0 2l Conference, Nashvill&N October 10-14, 1994.

1, indicating that either the voltage levels may |\, 1o gpnpen z6-406-97 10:00:13 2. Costello, Michael J., “Shafioltages & Rotating

have been higher when .ﬂutlng first began and |AC mubhs  DCmbshs  wbhs  ACmémps DO mAmps Machinery’” Magnetic Products and Services, Inc.,

decreased as the bearing problem worsened| ™ ™= pesk o ms o me Holmdel, NJ, IEEE Paper No. PCIC-91-13, July 1991.

(lack of prior data prevent this from being 224D 431 o1 29 on 3. EPRI Power ElectronicsApplications Center

proven), or higher voltage levels may be-ran
domly occurring at dferent process speeds
and/or loads.

* The potential damage due to excessive cur
rent levels is very high compared to what has
been seen on other motors.

“Preventing Premature Failure of Bearings in Motors
Driven by PWMASDSs,” PEACApplication Note No. 8,
May 1996, Knoxville,TN.

4. Boyanton, Hugh, “Bearing Damage Diie Electric
Dischage (ED),” Shaft Grounding Systems, In&lbany,
Oregon, July 23, 1995.

5. Simoncic, DavidA., “DC Motor and Control Problem

Detection Using/ibrationAnalysis,” pp. 21-21Technical
P i Associates of Charlotte, Inc., Charlotte, NC, 1994.

More data W'." have to be a<_:qU|red bEforP(:hronic bearing failures due to excessive le

these conclusions can be confirmed.

" \6. Walter, Peters, “Preventing Motor Shaft-Curent Bearing
els of shaft voltages and currents can increasgiures,” pp. 90-93Plant EngineeringPctober 4, 1990.
This motor was replaced with one that has maintenance and downtime costs unless theskibinski, G.L., “Installation Considerations for IGBT
shaft grounding system installed on it. Figur@roblem is correctly identified and the approAC Drives,” pp. 660-662Enegy Business & dchnology
26 shows no EDM present since the mound giiiate corrective action is taken. ImplementingoucebookNovember 6-8, 1996.

enegy present in the 2000 - 4000 Hz rangéhe following strategy for early detection ofS: Bowers, Stewart, and Richard Pjehaftvoltages and

. . . C ts Applicati Inf tion,” C tati |
doesnt have BPFO or BPFI sidebands.  problematic machines can help reduce proldyqens imoaugust 21, 1007 o

Figure 27 shows that the shaft voltage and cupms due to EDM: _

rent levels have been reduced, but the levels ® Test all new and rebuilt motors for poten
arent as low as | would have hoped to see. | tially damaging levels of shaft to ground volt
question if the shaft grounding system is age or current. ‘Seek_ early remedy to prevent
working as well as it should b&his motor premature bearing failure.

Figure 28. Summary comparison of shaft voltage & current on

motor with and without shaft grounding system

Conclusion

will be monitored regularly to check thdeaf
tiveness of the shaft grounding system.

The operator says this motor sounds a lct bet
ter then the one it replaced, and upon visual
inspection, both the inboard and outboard
bearings showed signs of fluting. Remember
the outboard bearing was insulated; therefore,
it either was not insulated properly or seme
thing occurred that caused the bearing to
become shorted to ground. One possible
answer for this motés problems could be a
carbon buildup inside of the matdfurther
investigation found that the motsrair intake

* Recognize variable speed andytaiframe
electric motors (> 1000 HP) are the higher
risk group. Establish a baseline value for shaft
to ground voltage and current for these if not
all electric motors at your site.

« Learn to recognize signs of fluting damage
in vibration and by visual inspectiofake
appropriate preventive and corrective action
when replacing these bearings to prevent
repeat occurrences.

* Monitor those machines with shaft ground
ing systems on a periodic basis to determine
the efectiveness of the shaft ground.

is next to the plarg’carbon dust exhaust andvipration data can be a good indicator of
was sucking up carbon dushey are curreat EpM if it exists, but shaft voltage and current

ly working on a solution for this.

readings are required to identify the actual lev

Case 3: This data was acquired in a lab envi€ls present that are resulting in, or could poten

ronment on a variable frequency 1/4 BE

tially result in, an EDM problenWith all that

motor running at 1822 RPM to show how$S known about bearing damage due to EDM,
installing a shaft grounding system can bhere is that much more that is not yet known.
effective in reducing the problems or potentianderstanding bearing damage due to EDM is

problems due to excessive shaft voltage levefll relatively immature as it once was for

The data in Figure 28 shows tA€ RMS Other faults that result in bearing damage.
voltage readings dropped from 6.439 v to 2&reater knowledge and understanding of this

mV, the DC voltage level from 873.25 niy/

type of fault is coming, as further studies and

421 mV and the peak voltage level fromrégular monitoring of this problem are being
done. Until then, consider the recommenda
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