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e Preplemy

> Historicall Damage ( Utility Power )

oP CPOIseWidth Modulation )

o IGBIF(®Instlated Gate Bi-Polar Transistor )
o What Can' You Do ?
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InVeErtermiechnelogy Transition
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SIX SWitEhIng states per fundamental cycle

60 Hertz = 360 stepsiper second ( full wave )
Variable bus voltage to motor

PWM Technoelogy:
Carrier frequency - 2,000 to 12,000 steps per sec.
Full bus voltage applied to motor (650 Vdc)
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HIstercalfElectiomagnetic Induced Path

1 PIeplencaused by Electric Asymmetries
o

HeulatingiGurTent - Insulate ODE Bearing
.-—J
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Stator Wir

Rotor
Bearing
Frame
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BVR =
Csr + Cb + Crf

Shaft voltage

BVR =

Stator neutral voltags

BVR - “Bearing Voltage Ratio”




- Electrical Model

Rotor

Line to Neutral
Sources

O

V

Zero Sequence
Source
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Non Linearity Variables

« Asperity Contact Area

Lubricant - e Randomness

o Additives Cb — Z | « Electrical

e Oil Film Thickness
 Dielectric Properties I

Frame
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@j@idal Power has'a
true Zero Neutral

PWM Zeiio Se‘quence

ieachesipE Blsy\Voltage

Freguency:is'equal to
iInverter switching
frequency
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D@ea}- ownrMechanisms

) Chemical
Mechanical
3
~ ST \ otae Asperity contact
TN Lﬁ i 1PU=30Vpk between balls and
Offset +2
: races
~J Discharge ]
N 1 h | Bearing Electrical
Per nlitl ‘ F N ' - | | 1 ‘ Current = o
Voo 1PU= 3 Apk EDM - oil film
) M \,\] ﬂ | SttorNeura dielectric breakdow
3 e e ] e F ot et B L Uoﬂage -1
v b}- . \ J oo tage dv/dt _md_uced by
3 I Offset -2 the switching
transitions of PWM
-4 -
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Seaningpelrrent Density - 60 Hz
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ooting Procedure

_
gali-to-groundweltage taken with
1IOSEEPE and pICk-Up brush

» o :
Ic ermr\h» tage spi
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Motor Frame
Insulating Spacer Stator Laminations
J Outer
| ’ | Race
@ Voltage Path
Carbon Inner
Brush Race
+ Rotor
Inner
R @
Grounding h 4 outer
Strap | Race
Insulating Spacer | Stator Laminations
Current
Probe Motor Frame
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A -
Air. cored curreng Sensor

(O5C1Ie5EOPE
MultiplENeadings;, current and voltage

Shaft readings'taken with brush; ground brush
to motor frame for current reading
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Shiaﬁh

Motor grounds
WIKES

Steel baseplate
ground (@anybody.
use these ?)

Auxiliary motor
ground
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CufregtiReturi Path to VFD

Building Steel
VFD
Conduit,Shield
Steel Plate Ground
Concrete Bus
Plant Ground Grid
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| CLTFrém ommoen Mode Current)
AlIFthreeNVED output phases' inside cabinet
allfthiEe phase leads, grounds, shields, armor,

etc. outside off the VED cabinet
outside the motor terminal box
Inside the motor terminal box
auxiliary ground

shaft current
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F, ‘ p -4
-’f’r']r;e gigjereomponents of CMC

' -
m L O-T00N 4 D,He 60, moeter cable asymmetry

1 800-550001Z - Most returnsi to inverter via
cablersiielding, net through bearings

- -
50KHz -"1MVHZ - Due to dv/dt of switching.
Most: damaging to bearings
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Me’as@nt.Poin’ts for Current

All B%ases Insiderinverter
Total neEkgrouna
justieutside cabiﬁ'

Total conduitene arounds

just outside Mmoo terminal
0]0)¢

All 3 phases and greunds
inside motor terminal box

Shaft of driven unit
Auxiliary grounds

Shaft AND grounding brush
of motor
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CNeligent reading inside VED cabinet
o establisiésitotal common mode current

Readiigieu 5|de VD! cabinet represents

current flewing indirectly back through the
motor shaft, and auxiliary grounds

Reading outside VED cabinet and motor
terminal box should be zero

Reading inside motor terminal box will
include indirect and direct current routes
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’ e
dipVelie@E! &t BEZING Current out to 5 MHz
Bearing Cukrents not easily measured

Estimate rre‘q; Py measuring shaft voltage to frame
Use brush and holder to provide shaft contact
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Dltage Spikes

Memory 4 :
| Mame = Memony 4
Data = GB/23/97
© o Time m 10:47:23 AM

T aeale = 10 VD
L TALS0E = 00Y

‘¥ Ccale = 100 ms/Div
(XALDE =00 me
[¥Ege =280 [E12) |

| Maximum = 256
Minirum = -21.6Y

200
300

-40.0°* T
. ; 100 me/Diwv
PHASE 26-5 MOTOR @ 100 HZ AND 691 deg C

T Z EHz
NU LOAD -MUOTUR CONNECTED TO DYNE

Inverter Drive Carrier Frequency set to 2 KHz

Motor Operating at 100 Hertz
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t Voltage Spikes

Temp 2

5.0

0.0
4.0

-10.0

150

) e e R
PHASE 265 MOTOR @ 25 HZ AND 729 deg C

145 KHz

| 25 % LOAD - MOTOR CONNECTED TO DYNE

: Na.ma = Tarﬁp 2
i Date = B/23497
| Time = 2:54:54 PM

| ‘¥Scale = 5 Y/Div |
| YAtEDZ = 00V -

| ¥Scale = B0 ms;‘Di\r:

AMO0% = B0 ms

| ASie =280 [212)

Maimum = 17.0%

i Minimum = -15.8%Y

Inverter Drive Carrier Freguency set to 14 KHz

Motor Operating at 25 Hz
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Errjhgtf::]ons FromMeasurements

V er\/ clifflcule te piEElICt Pearing current susceptibilit
zlcidnle) DeElflnle ifé most effective
Shaft VoltageMeadings can Verify initiation of

electrical ae Image
Pre-faillre bearing fault analysis extremely valuable
Select best approach to alleviate problem




conclusions; Cont'd
r ' n :
A ‘
; rJJg'r P Calhierfireduencies cause a higher
N NcIGEnEENGfVoltage spiking

SpikineNndicative off unpredictable frequency

Of cCapaciuve breakdown
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Doraritizl) Selltitlo)ms

-
’1. Eliminate problem at
SOUrCGe.

2. Motor Faraday shield

3. Ground shaft - bypassing
bearing

4, Isolate shaft/bearing
5. Verify grounding




dlaglirlzltgele Siotige =)
EaliceypRve Voltage

%
—_—

1enIsellition to other IGBT-related issues

Noradditenal.eguipment required
Cons:

[Larger capaeitya(Clirrent) drive reguired

Will reduce; potentiall, but not eliminate
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HIIatE S OUKCE

ediuceDrve Switehing Frequency
r

3
-
—Pros; g
" No additienal equipment required

NOLtHE cause ol harmonic distortion as
pelieved by many

Cons:
Wil redticerpotentiall, but not: eliminate
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Eliimaterat SeUrcE
o
Drve @uuplt Filter/Choke

.
- —-—
e
- Commonrsolution; for other Drive -related

ISSUES
Retrofitable
Cons:
Cost and space reguired
Reduces, but doesn’t eliminate problem
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- Stator Winding

o \

»

Return
to T
Source
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dSEl OfflifpIEMEntation

Corls: I

PORINENSMIEIENGEd TRFIgh-Speed operation
> 47 000N

MechanicaltMaintenance
Mechanical fit-upron retrofits
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Grotipiellnle)
Coplelictiy/e

Lo costanalease of implementation
RetrofitEble

Cons:

Sepaiativpratiigher speeds reduces
conductivity’eliectiveness.

Negatively impacts the grease lubricating
properties
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SEaNEpSEIatien;
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Cons

IDOESHIOPIIECE GiEEty-connected equipment

CoatedBEaRES a0 not prevent capacitive coupling of
RighiireguUeRcY clhents.

Bearing sleeve - dewntime and expense of bearing
housing modification.
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CeramicgiBalls

_
4 -
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~ —Directireplacement for standard bearing-

HRIURREeWNtme.
—[.ongerinherent bearing life
Cons:
—Initial expense and potentialilong delivery.
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I Stator Windino I
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SaradayAlMeien Shield
| -

P
. - )
P)- ~ J
3 II)IO:)‘ ‘

S Permanen®nternal modification to motor.

Cons:

Diifictltimpossible ? ) and expensive to
retrofilt.

Not readily available
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SEARENCUIFENt damiage)is more prevalent on
"meters drvenmsy IGBT based PWM drives.

Differenticalises and solutions than traditional

bearing cu_rrEhFdamage.

End result off electrically initiated damage is
lubrication and/er mechanical failure




(CORCEIUSIONS &
I(’:?FC MIMERNGEEHERS™
| A -
PMEBmade Isidififictlt to predict and measure.

PreblemisiREAIE and usually assumed to be
LN2VOICEIIE

Several solut'lbn‘methods

Selecting the most effective solution will depend
upon several applications and technical issues.

Grounding issues are critical to minimizing problem
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lf{f’@/ave prm Analysis

A e

OLE - #2 DIESEL GEHERATOER

A

000000002- 52 GENERATOR IMEOQARD VEET

booeleration in G-5

] 50

t Enteract Home

100

150

200
Time hmSecs

250

00

350

400

| CRESTF=423

smbimy Peaks in excess o

L RIS = 150 1/
LOAT = 1000 6 G S

EPNi= 299,
EPS= 14802

Increase occurred

PEl-1= 493

over 3 months

Third bearing
change in less
than 2 years

Brook Beginning



OLE - #2 DIESEL GEHERATOR
0000000002- 01 GEWMEEATOR IMEOQARTD: HORZ

Eontte Spectnm

01-0CT-96 11:39:42 LOW |eve| G’S in
OVEALL= 46423 VD SpeCtru m

Non-synchronous
vibration

Higher frequenc

peaks not relatec
to bearing
frequencies

EME Aeceleration m -5

Freq:  T479
Cirdr: A09
Spec: 00708

t Enteract Home Brook Beginning



L N

>

& = 4 .
IROOEEATISE Failtre Analysis

A_—
OUiboard bearing iAstlation insufficient due to
.' GEesIgnreiRspeRKE = UL sUpport

0.010FIRstiaten “peeled” back during bearing

installation

New! bracket designed to provide sufficient hub
thickness

New insulation ring over 0.5” thick
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e
'Giérprac@r Putbeard Bearing Hub
- A

newallksupports.

outer race
GroundinaMsrtish would

also work terselve this
problem
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Wr-ﬁan Installation
pisiellziton
.

of Direc
DrRVErEans

g
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- F
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uting of Bearing

. g .
PEheblem Occuringron Two of Eight Motors

S OUthoare Bearing Insulated
Inbearasearngl Damaged
IGBTF Meditim Voltage Drives ( 460V )
SCR Driven Heaters in Motor
Coupling Insulated - Required by Process




O Suspect Bearing
tieR ="BPFO harmonics

wrh - f5-2WEN40062- 45
0000000003-m02 motor cnthoard wert

Banzte Spectnm
12-0CT-29 10:34:44

OVELLL= 1824 WD (r
| RIM5= 152
LOAT = 10010

EPHi= 514,

EPS= %43

&
5
=
£
i
]
1]
d
-4
2

T T

40 1]
Frequency i Order
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Eodimrell

EPECTEA FEOM MOEE THAN OME LLACHTHE (13-0CT-929)
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Rochmrell
WAVEFOEN FEOM MOERE THAM OHE MACHIHE

1 13-0CT-99 10:41:24
Q0aa000004-m2

1 13-0CT-99 10:34:44
T 1

th
H
5
E=
i
k
a1}
a
=

| 18-0CT-29 10:30:23
Qoo 2 -

1 18-0CT-99 10:24:52
Qo000 1-mo
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wrh - 5-2VER0062- 45
Qo0a00a0003-wl]l nedmlto gndrolts

Bnite Spectnim
19-0CT-90 13:15:50

OVEALL= 2500 G-I G
ENS = 2500

- LOAT = 10010
EPM= 1153
EP5= 1950

E
5
i
Z
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wrh - F5-2VEN40062- A%
0000000003-c01 motor shatft wolts

000024

{onno1s

L nnooos

EME Amphtude 1n amps

1]
17:01:02

19-0CT-99
17:34:22
EPM= 1133,

d 17:34:22
Freq: 13000
Ood: 9092

Spl:  0000&
Label: Cage Grdw:s. Motor Crd
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nrh - FF4 - 3WER40062- 41

0a00000a02-cll  gromd mps

0

1a:28:20

19-0CT-99
lo:az:48

EPIM= 1128,

lo:5z4s

e Freq: 18000

Oodr: 2092
Zpl: 00003

Brook Beginning



r,.r' .. ’ J
'dFo.L,JchJJng H‘t"br Wrong ?
Sclv)ESIZE ood_
o CORNEcHBRMPBINT
good

Connectn.-
continuity (7)
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-
Grouﬂd@" Right'or Wrong ?

Cable Welght *
identicaliton

MOLOK
connection (7)

Connection
continuity (?)
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C d to Plant
Grotnd GHEN)

Large diffggnce.

between #afand #5
measurements
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¥ I:‘r . -
SOIUHEHNO, e Problem

—
insylate both bearings

» | Place grieineing brush on motor shaft

An Investiigation nto grounding issue is
PENAING -
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satzlrinie) flliclnle

%elt-driv 2N fans

IGBiIrdrivess
Multiple fiailtre
Drives mounted within 15 feet of motors
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Evaluate motors
IN service

All motors have
outboard bearinq
insulated
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Vlejie ISevice™ Good or Bad ?

Coum

EFIUtng evidentieboye
2KHZ ontthres motors

Not all meters
experiencing problems &
I

g P | R )
/|
|I |I |

[ WP PP R

|
||r
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Bearing
modulation

centered above
2kHz

Sideband
modulation
occurring at 4.21

orders (BPFO)
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oy, .
-f{eqpmmemc FEOAS
pre "-. i
_NREPIECE MOtons With new farraday shield
-~ motors

lInvestigategrounding (motor adjustable

base madelof high impact plastic). Only
ground on the motor is conduit
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_FBUsse; maq“!(erkman,SchIegel,Skibinski,
» Beannepeuents anal Their Relationship to
PYWMaBRives~ IECON, Nov. 95

Link, “Minifmizing| Electric Bearing Currents in
Adjustable Speed Drive Systems”IEEE, 1998

Bell, Epperly,Cookson, Fischer,Skibinski,Cope,
Schlegel“Experience with Variable Frequency
Drives and Motor Bearing Reliability” IEEE,
1998
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