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ABSTRACT
,

A ten horsepower electric motor was artificially aged by plug reverse ;
'

' cycling for test purposes. The motor was manufactured in 1967 and was in ser- ,

vice at a commercial nuclear power plant for twelve years. Various tests were
performed on the motor throughout the aging process. The motor failed after |

1

i 3.79 million reversals (3 seconds per reversal) over seven months of testing. !

| Each test parameter was trended to assess its suitability in monitoring aging |
and service wear degradation in motors. Results and conclusions are discussed jt

| relative to the applicability of the tests performed to nuclear power plant |
! actor maintenance programs. ;
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SUtWARY
;

This report presents the results of a series of tests performed on a
small industrial notor. In a previous Phase I study (NOREG/CR-4156), typical !

'

motor failures and various functional indicators which could potentially be
used to conttor age-related degradation were identified. The tests performed
for this Phase 11 study are an extension of the Phase I work. The objective
of the tests discussed herein was to verify the suitability of the previously
identified functional indicators. This included an evaluation of their per-

|

formance feasibility in an actual plant environment, as well as their effee-
tiveness in monitoring aging degradation in electric motors.

The tests were performed on a 10 horsepower motor manuf actured in 1967.
The motor is a random wound, three phase, 460 volt design, and was used for
continuous do;y operation in a nuclear power plant for twelve years.

Artificial aging and testing of the motor was perforiced at NUTECH. The
artificial aging consisted of plug reverse cycling (reversing the direction of I

the electric current every cycle causing a change in rotational direction of
the actor). A cycle period of three seconds was chosen to maintain the insu-
1stion toperature between 160'C and 130*C. This aging method was chosen for
its ability to induce age-related degradation by a cochination of thermal,
magnetic, electrical and mechanical stresses under accelerated conditions. It

was felt this method would best approximate the results of extended service
conditions in the field. A total of thirteen tests for monitoring the dielec-
tric and ro t a t i onal notor integrities sero performed during each six hour
period of t e s t '. ng . The notor was periodically shutdown, during which time
most of the tests were performed.

Failure of the motor occurred after 3.79 million reversals over seven
months of testing. The failure was obsr.ved as an arcing f rom a conductor
through a stator wedge to the stator iron.

The test program simulated aling and degradation of the winding leading
to a wedge failure at the end of the test. The de insulation resistance and
dissipation factor tests showed trends indicating the curing and hardening of
the Epoxy resin used in the systeu, including the Epoxy colded wedge. This
sai accompanied by cracking and degradation, as noted in the failed wedge,
which is consistent with the reduction in partial discharge inception voltage
observed. Bearing tests showed excess noise and vibration which preceded a
bearing failure at 3.76 million reverse cycles.

Evaluations were cade of various test methods leading to recounendations
for measurements and >;rveillance of notors in plant usintenance program. The
following table suuasrizes the conclusions on the various motor functional
indicators.

|
!

|
|
,

|
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 5-1 Suoniary of Test Results

Appl ications
Degradation

Type Preventive Mainte, nance

Potential Aging Me@anime Corrective % tor Remark s
Test Mattiod Detected Average Local Trendig Go/No Go %:ntenance Size

Poiarljation set m s, environ- X x X Ali % , be . ore usefui
inden mental contmalna- for trending w!?h

tion lg rowed test
eq u ipment

Oc insulati wetness, envir.. X X X All May be more useful
Resistance ment contamination for trending alth

may detect insula- Igroved test
tion aging ulth equipment.
Igroved testers.

Surge Turn short, phase- X X X SasII, low 3igital storage of
unbalsace & con- voltage wave forms would on-
noction problases. motors hance using this

(<600 vi test in condition
monitoring and y
trending N

5 X All " For larger highAcdiss]pation Cracks and wolds X X

factor voltage motors power
factor test is
preferred.

5 X All 4Ac Thinning or X X Same as dissipe-
capacitance 3 deterioration tion f actor test.

Partial Cracks, volds and X X X Large high Present equlpment
Discharge degraded insule- voltage good for large high

6tions motors voltage motors, but
ausst be redesigned
f or use on l os
voltage small random
wound motors.

7Ac Leakage Crocks, volds, X Not Recomended X All Can be a destructive
thinning. test If ac voltage

is set too high.

.

- - -- - - + - - - -
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!

Motes: 1 Average degradstion is referred to an overall condition of the Insulation. Local degrodation includes
turn-turn short, hot spot, corona discharges, etc.

2,3,7 Ohtelned using the same test equipment

4 Olssipation f actor / capacitance tests and power f actor tests (not included in this program) are sieller
tests. Depending on the test equlgenent size, these can be perforeed on all size sofors.

I

S. Trending of these functional ladicators was not verified ty this test progree but was concluded by
evolvation end consultation eith emperts In the field. These items are lacluded in the table for

campieteness.

6. Large, high voltage motors are those with form wound colts or rated above 600 volts.

l

w
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1. INTRODUCTION

A nuclear power plant utilizes hundreds of electric motors of all sizes
and types. Failure of these motors, especially those designed for safety
operations, could impair plant safety. Although motors are known to be built
rugged and have a record of reliable operation, they do fail and disable
safety systems in nuclear plants I. Operating experience has revealed that
stator winding insulation and bearing assembly failures constitute a large
percent of motor failures. This is true for both nuclear and non-nuclear
applications. It is, therefore, desirable to develop methods of monitoring
the condition of these vulnerable motor components.

There exist a number of test methods to evaluate and/or diagnose the con-
dition of stator insulation and bearing assemblies. These procedures are typ-
teally used in notor manufacturing facilities to determine the component
endurance limits. Some of them are also utilized in motor rewind and repalr
. ops to verify the condition of rebuilt motors 2,

|

Preseat industry-wide maintenance tests on motors aro primarily limited I
to insulation resistance (i.e., meggering) and bearing vibration tests. Pre-
ventive maintenance activities include periodie lube oil change or regreasing, .

and cleaning and drying of windings. Seals or gasket changes are made as
recommended by the motor manufacturers or as required f ollowing maintenance.
These maintenance practicus, although essential for keeping a motor operation-
ally ready, provide no assurance of acceptable future perforinance of the
motor.

Nuclear power plant motors designed for safety-related operations are
required to naintain their operational readiness throughout the life of the
plant. Trending of certain test and/or maintenance data is, therefore, needed
for predicting the future condition of motor subcomponents which are vulner-
able to aging and service wear conditions.

This test program was initiated to evaluate a number of test parameters
which could be used to nonitor the condition of stator winding insulation and
bearing assemblies. Each test parameter was periodically measured and plotted
while a motor was subjected to an accelerated aging process within a labora-
tury environment. It should be noted that the intent of this test program was
to determine the trending feasiblitty of the monitored parameters in a nuclear
power plant application. No conclusions with regard to the qualification
requirements of a motor for nuclear power plant applications should be drawn
from this work.

1.1 Background

As nuclear plants get older it becomes necessary to understand the
effects of age on the performance and reliability of safety related electrical
equipment. In recognition of this issue, the Nuclear Regulatory Commission
has initiated the Nuclear Plant Aging Research (NPAR) Program to evaluate age
and service wear related degradation ef fects on a number of equipment items
used in safety-related applications. Electric motors are one of these items.
Phase I of the program identified typical motor failures and suggested various
functional indicators to monitor age-related degradation. The results of the
Phase I work on electric notors are presented in NU*CG/CR-4156 1

. ._.
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Phase II of the study includes an evaluation of current industry mainte-
nance and monitoring practices, verification of previously identified func-
tional indicators, and evaluation of the effectiveness of current maintenance
programs to mitigate age and service wear related motor f ailures. The motor
test program that is the subject of this report is part of the phase II study.

1.2 Obj ectives

The objectives of this study aret

(1) to determine the ef fectiveness of condition monitoring and trending
of various dielectric and rotational functional indicators, and |

(2) to correlate various test patameters with the type of subcomponent l
failures that might occur during the motor life. j

.

The results of this program will be used in developing ef fective mainte-
nance program recommendations to predict the condition of motors in a nuclear jpower plant.

i

1.3 Scope

To achieve these objectives, a sms11 induction motor was artificially
aged. In addition to monitoring the bearing and motor temperatures,
various insulation and bearing tests were conducted on the motor. These in-
clude the following:

A. Dielectric Insulation Resistance Test (Megger)
B. Surge Test
C. Ac Dissipation Factor / Capacitance Tests
D. Ac Partial Discharge Test
E. Ac/De Leakage Current Test
F. De Winding Resistance Test (Wheatstone Bridge)
G. Winding End Turn Hovement Test
H. Bearing Noise and Vibration Test
I. Bearing Crease Analysis
J. No Load Running Current Test

The Dielectric Insulation Resistance Test was divided into the following
two different tests:

Test 1: 500 volt de 10 minute test to calculate the polarization index,
which is the ratio of the 10 minute to 1 minute resistance readings.

Test 2: 250, 500 and 1,000 volt de tests to determine the change in in-
sulation resistance with age.

All dielectric resistance readings were corrected to the same base tempera-
ture.

Section 2 of this report describes the motor and test equipment arrange-
ment. A discussion, supported by photographs of the motor, is provided to
show how the test motor was instrumented. The manufacturers, models and
principles of operation for the instrumentation used to measure the functional
indicators are provided.
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3The test procedures for periodic testing are sumraarized in Section 3.
3The test plan provides a detailed description of the test procedures.

The results of the ac and de tests conducted on the insulation, surge tests,
cnd turn movement and the measurement of the vibration in the bearings are
discussed in Section 4. Section 5 discusses the ultimate failure at the end
of the test. Also included are the motor post-mortem results and other
anomalies observed during the motor testing. Recommendations and conclusions
are presented in Section 6.

Appendix A provides a description of lab test equipment used in this test
program to monitor the motor insulation and bearing operating conditions.
Appendix E provides the results of the chemical tests performed on the bearing
grease.

t

|

|
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2. DESCRIPTION OF THE MOTOR AND TEST EQUIPMENT

This section describes the test motor design and specifications. Also
included are descriptions of the programmable plug reverse cycle controller as
well as other test equipment utilized in this test program.

,

) 2.1 Test Motor

The test motor is a random wound, 10 horsepower, totally enclosed motor
manufactured by Westinghouse Electric Corporation. It is three phase, 460
volt, Class B insulated. The motor was originally varnish treated with a
polyester resin. It was manuf actured in 1967 and was operated in a nuclear .

power plant for 12 years of continuous duty. Af ter being removed from ser-
;

vice, this naturally aged motor was seismically tested at Brookhaven National<

Laboratory to investigate aging-seismic correlations.;

1
-

1 Upon completion of the seismic tests, the motor was shipped to NUTECH ,

] where the tests discussed herein were performed. When the motor was received, ;

j tt was disassembled, cleaned and inspected. The motor tnsulation and bearings
! were found significantly degraded. The stator was subsequently refurbished by
i vacuum pressure impregnation of an Epoxylite Epoxy Resin varnish (4) and new
: bearings were installed. The condition of the motor prior to testing was sim-
I ilar to one in a nuclear power plant application subjected to full corrective

maintenance or overhaul. Actual plant maintenance records on the motor werej'
not available.

The original insulation system on the received motor is described
belo ,5 Figure 2.1 shows a sketch of the stator slot.i

,

;

! A. Slot Ground Wall Insulation (Slot Cell) - Composite of glass, mylar !
and dacron with a polyester binder; !

'
; B. Slot Wedge .030" thick glass reinforced molded epoxy wedge;
i i

C. Phase Insulation - Natural mat of non-woven polyester fibers satu- )i

| rated with a polyester resin, ,

i l

| D. Treating varnish - Polyester. |

The motor end turns were initially instrumented for the testing with PCB
j Piezotronics, Inc. Model 303A recelerometers rated for 121'C (250'F). These |

| were destroyed af ter 3.33 million reversing cycles by the high test tempera-

ture (190'C). As a result, they had to be replaced with Endevco Model 7701-50
cceelerometers which weigh 25 grams and are rated for applications to 260*C.
Two accelerometers were epoxied to uach of the end turns.,

| Two Type K. Chromel-Alumel thermocouples were epoxied to each end turn of
| the motor to record the winding temperatures. Each bearing was also inetru-
~

me nted with e similar type of temperature measurement device. The tempera-
j tures were continuously recorded on a 10-channel Omega recorder.
I

; Photographs of the motor and the test arrangements are shown in Figures
2.2, 2.3, 2.4, and 2.6. Figure 2.3 shows a close-up of the accelerometer

| which is epoxied to the end turn. In Figure 2.4 the thermocouple junctions i

are shown mounted to the end turn. i
'

!

(
i !

|
--. - -_ _ _ _ _ .

1
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Figure 2.1 - Random wound stator slot.
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Figure 2.2 - Photograph of the motor being tested along
with control panels and test instruments.
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i Figure 2.3 - Photograph of sne stator (with rotor removed) showing )
| close-up of accelerometer mounted on the end turn. ;
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Figure 2.4 - Photograph of the stator (with rotor removed) showing'

the thermocouples mounted on the end turn.
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Figure 2.5 - Programmaale plug reverse cycle panel with the door
opened to show the components.
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Figure 2.6 - Assembled motor with instruments and test panels.
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2.2 Plug Reverse Cycle Aging Test

6The plug reversal test has long been one of the most important means of
cndurance testing polyphase motors. Interpretation of the results from this
test have been precisely defined by manufacturers. Failure patterns of
naturally aged stators and stators artificially aged using plug reverse cyci-
ing are found to be very similar. Failures induced by this test have been ;

shown to be accompanied by general insulation aging. Looseness, motion, wear :
and localized hot spots, which normally develop at the result of certain |

| stresses applied to the motor windings and bearings, are properly simulated by i

the test. The stresses developed by this test method include dif ferential j

j thermal stresses, differential coefficients of expansion, varnish weakening at
higher temperatures, magnetic force due to winding currents, and cyclic
mechanical stresses on bearings and other fasteners.4

1

The General Electric Programmable Plug Reverse Panel shown in Figures ;

2.2, 2.5 and 2.6 was used to program the reverse cycling, continuous running ;

j snd shutdown periods of the test motor. The switch box shown in Figure 2.2 |

: and 2.6 contained a CE series one programmable controller which operate timers ;,

! for each of the operating phases. The wiring diagram for the programmable

| controller switches and plug reverse assembly is shown in Figure 2.7. This ,

|

unit was specifically built by General Electric for this motor test.

i The plug reverse tester was operated such that' timer 1 controlled the ;

j shutdown period of the motor. It was set for five and one-half hours on and j
: thirty minutes off. Timer 2 was used to control the duration of the motor '

1 continuous run time. It was also set for five and one-half hours on and
thirty minutes off. Timer 3 was used to reverse the motor direction every 3

1

seconds during the motor reversing period. Each test cycle was planned for 6
l hours. The shutdown period was extended as needed to obtain test measurements

'and to do modifications to the motor and test equipment. The 6-hour sequence
3

; of operation was performed as follows: |
!

Press start button;.

j motor starts in clockwise direction and runs 3 seconds;.

I

timer 3 opens contact G1 and closes contact G2 and motor is plugt .

q reversed and runs 3 seconds in the counter clockwise direction; !

\ n

j timer 3 repeats the 3 second cycles continuously; i.

i l

4 . at the end of 5 hours, timer 2 opens contact El and closes contact E2 *

I and the motor runs continuously in the counter clockwise (normal) |
j direction for 30 minutes; (

I
i at the end of 5 hours and 30 minutes, timer 1 opens contacts At and A3 'i.

j and the motor stops for 30 minutes. At the same time timer 2 closes |
i contact El and opens contact E2; I

4
;

I
. at the end of 6 hours, timer 1 closes contacts Al and A2 and the pre-

) vious steps are repeated for the entire test time.

|
|

!
4

--
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F1gure 2.7 - Wiring diagram for the plug reverse assembly, including the
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2.3 Test Equipment

The insulation dielectric tests and bearing vibration tests were per-
formed using standard test equipment available for plant maintenance. How-
cver, with the exception of the megger, all other test equipment is primarily

!,

used for corrective maintenance or repair shops. Appendix A provides detailed i

descriptions of each piece of test equipment utilized in this test program and
cleo discusses the use and intrusiveness in performing these tests.

;

The test equipment utilized includet

De Dielectric Insulation Resistance Tester.

Ac Dissipation Factor / Capacitance Test Set.

Ac Partial Discharge Test Set.

) Surge Tester.

I Ac/De Hipot Tester.

j Winding Resistance Bridge. ,

Bearing Vibration Meterj .

Other Auxiliary Devices.
!

)

6

f

!

l

|

|
i

l

i

i t

)
,

|

l
,

i
;

I

J

l
I

|

__
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3. TEST PROCEDURE'

,

; The motor was subjected to accelerated aging of the stator insulation and ,

bearing assembly by using the Plug Reverse Cycle Aging Test previously dis-
cussed. Each time the motor's rotational direction changed, it allowed an

j in-rush of starting current on the order of 100 amps into the stator winding.
,

j The c~ cling also imparted a mechanical load on the bearings and motor stator
essemoly. The starting current remained for about one third of a second i';

inducing resistance heating in the coil insulating system. Thus, the winding i

! temperature was maintained at a constant temperature by heating the insulation f
1 et a constant reverse cycle frequency. This method of accelerated aging was |
; preferred over the conventional oven method since both insulation and bearing t

essemblies could be aged while the motor was in an operating mode. |
<

!

The motor was aged by automatically reversing the voltage across the i<

} 1eads with a General Electric Programmable Plug Reverse Cycle Panel. The t

panel was programmed to reverse the voltage every three seconds for five hours !

(to raise the notor temperature and to simulate accelerated mechanical |,

stresses in the end turns), followed by a half hour of continuous operation !

1 during which the motor ran in one direction to permit cooling by the fan. For ;

) the last half hour of the six hour cycle, the motor was shut off and [
| dielectric testing was done. Since more than one half hour was usually |

required to perform all of the dielectric testing, it,was necessary to extend !
.

j the shutdown period until the testing was completed. )
: i

| The motor winding temperatures were continuously recorded. They were !
| maintained at constant values for a fixed period of testing by initially |

celecting a fixed eyeling time and then adjusting motor cooling air flow. As,
,

j a result, these indicators were not used to assess the insulation dielectric
|

1 condition with the reverse cycle aging. The two bearing temperatures, were
,

I also continuously monitored. I

Test data which were not continuously recorded were obtaine( from the !
cotor approximately two times each week. Because the testing was begun at I

different times after the motor began its shutdown period, the temperatures at
which the tests were conducted varied. This permitted the investigation of ;
temperature effects on the measurements. All insulation resistance andi ,

dissipation factor readings were corrected for temperature. ;

! f
: 3.1 Motor Functional Indicator Tests
i

j The following section describes the sequence of motor tests performed for j
obtaining the motor functional indicators during each of the data collection I

'

periods. j;

l l
1 3.1.1 Testing During Reverse Cycling Operation ,

e i

(1) Motor Running Current Tests: Motor running current for each of the

j three phases was recorded on a Brush recorder for approximately three plug
reverse cycles. The speed of the recorder was suf ficient to distinguish the
variation in current over 1/60 second.

1

!

)
.

.

__ -_ , , _ _ _ .___ _ _ - _ . . _ _ - _ _ . _ _ , _ _ - _ . . . _ . _ .-
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$ 3.1.2 Testing During Continuous Running Operation

(1) Winding End Turn !!ovement Tests: A plot of RMS acceleration vs.
[frequency (0 to 5,000 Hz) and the area under this curve was obtained from the j

accelerometers on each of the two mtor end turns. The signals were processed '

by a Gentad signal process analyser. fa

I !

(2) Bearing Noise and Vibration Tests: The velocity and displacement of |4

a point on the notor case above the bearings were ceasured and recorded using |

] the IRD !!echanalysis Portable Unit. The peak values were noted for trending I

the data. ;,

i

j 3.1.3 Testing During Shutdown Period i

j (1) De Winding Resistance Tests: The motor winding phase-to-phase |t
(lead-to-lead) resistance for each of the three leads was measured with the

| Wheatstone Bridge. A spray-on electrical cuntact cleaner was used before the |'

leads from the motor and instrument were connected to assure that the test |

) connection had not impact on the readings.
;

A r

I (2) Oc Dielectric Resistance Test: The insulation resistance was nea- !
j sured with a voltage potential of 250, 500 and 1,000 volts f rom a motor lead !
I to ground. The first test was conducted at 250 volts. The resistance reading

! was recorded, then the motor was grounded for one minute to drain the charge. |
1 This procedure was repeated for 500 volts and again for 1,000 volts. The tem-

,

-

perature corrected readings were then plotted. !
I

i (3) Ac/De I.eakage Tests: The ac leakage current to ground was measured j
] at voltage potentials ranging from 150 to 1,000 volts. The instrument |

connections were made in the same way as for the de resistance measurement. "

The de leakage current test was initially performed at voltages ranging fron |
150 volts to 1500 volts. The resulting currents were extremely small and t

j difficult to ocasure. This test was, therefore, not continued regularly [
i throughout the test program. j

(4) Polarisation Index Tests: The insulation resistance at 500 volts {
) was measured at one minute intervals over 11 ainutes. The instrument leads i'

were connected to the motor the same way as f or the de insulation resistance |

| nessurement. The data were used to calculate the polarisation index (PI). f
; This test was always taken after the ac leakage was measured to eliminate the {
' measurecent uncertainties from residual charge from the previous de test.

|

(5) Ac Dissipation Factor / Capacitance Tests: The dissipation factor and )
capacitance .re re measured at 250 to 1,000 volts ac in four steps. One j
instrument lead was connected to a motor lead and the other instrument lead 6

was connected to the ground terminal on the motor. The readings were
) corrected to 20'C using a correction curve f rom Ref erence 7.j

$ i

l

; l'
i

i

\ l

|

l
i

i
! _ _ _ _ _ . _ _ _ _ _ _ , _ _ ~ _ _ . , - . - _ _ _ _ _ - _ - _ . _ - _ , _ ._- - -- - -_ -
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L

(6) Surge Tests: A surge test for inspecting turn shorts in the coil
was conducted by continuously increasing the surge voltage to 2,500 volts for '

each cotabination of two phases being compared. The instrument compares Phase :

3 with Phase 1, Phase 3 with Phase 2, and Phase 1 with Phase 2. The curve on !
,

| the video display of the instrument can be considered as two superimposed {
traces; one f or each of the phases being compared. When an anomaly in the |
motor coil exists (e.g., c turn-to-turn or turn-to-ground short), the two
traces shown on the instrurient are displaced from each other. If no anously
exists, the two traces will be perfectly matched and will appear as one curve. |

i

(7) Ac Partial Dischargo Tests. The last test performed on the motor [

j bef ore resuming the reversing operation was the partial discharge test. The !

j inception voltage for partial discharge was determined by raising the ac volt- I

{ age (using the power supply for the capacitance and dissipation test set) |

slowly frou sero to approximately 1.100 volts while plotting the amount of [g partial discharge (in pico Coulombs) with the applied voltage. The inception i

g voltage is a point where a sudden change in slope occur:. An extinction volt- !i

{ age was determined by slowly reducing the voltage. By repeating this test, it |
was found that the inception voltage would change. 1.ater in the program, the [,

inception and extinction voltages were measured several times to observe how }

)| much oovement in the voltages was occurring. '

(8) Bearing Grease Analysis: The bearings were greased with Keystone
Pennwsit Zeniplex R-2 grease periodically while the motor was running. Sam-

[
pies of grease were removed froo both bearings at .823, 3.17 and 3.19 million ;

reversals and were sent to Keystone Pennwalt for analysis of the chenistry and [
the determination of the dropping point. t;

!

| 3.2 Test Procedure Changes and Abnormalities

| !
- The notor test program was started on February 13, 1986 and continued to |
| run for over seven conths; ending on September 22, 1986. During the initial |
j phase of the test, considerable efforts were made to learn how to use the test i

j equipment for obtaining various test parameters. Therefore, the trending test

)
data presented later in the report :si gh t have some outliers or large uncer-
tainties in the first few test results. It was originally anticipated that ;;

I the motor cooponents would indicate soue degradations after 1-2 million i
j reverse cycles. However, motor failure did not occur until 3.79 million .

]
reversals. The following discussions describe the sequence of events which |
occurred in the entire test duration, j,

$ !

l On the weekend of April 26, 1986 at about 1.34 million reverse cycles, a !
! spring in the CE progracaable controller panel contactor f ailed. The spring |
j was replaced and the test continued. At the end of June, 1986 a review of the [

] trends of all test paraueters cevealed no particular sign of insulation deter- '

j ioration with the exceptions of an increase in insulation dielectric proer-
1 ties due to the caring process and a slight decrease in the partial dio rde

inception voltages. The bearing vibration indicators started showir. .arge !,

q excursions of velocity and displacement values. It was then decided - ,. the {
i aging temperature of the winding insulation should be increased fros 160'C to !

accelerate the aging process. |
|

4 |

|

- - - - - - - - -
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At 2.42 million reverse cycles on July 2, 1986, the winding temperature )was increased to 175'C by placing tape over the motor inlet vents to reduce i

the cooling efficiency of the fan. The test was continued to July 28, 1986,
at which time 3.01 million reverse cycles had been performed. A review of the
data at this point indicated that the insulation degradation trend remained
unchanged from previous trends. However, the bearing vibration measurements
were found to exhibit higher displacements and velocities during the sace
period. To further accelerate the rate of insulation aging, additional inlet
vents were taped to raise the temperature to 190'C.

During the first week of August, 1986, the pulley end acceler,oeter for
measuring the end turn movements was found to be burned out (showed an open
circuit) as a result of exposure to a highe r wir. ding temperature than its
rated value. The test was stopped for couple of weeks and a set of new
Endevco accelerometers capable of operating at temperatures up to 260'C were
ordered. These were installed on August 22, 1986 at 3.33 million reverse
cycles and the test continued.

The data obtained at this point indicated that the aging process was
still progressing at an extremely slow rate. In order to obtain a more defin-
itive indication of motor aging within the time constraints of the test pro-
gram, it was decided to further increase the winding operating temperature.
Since the temperature was approaching the operating limit of the insulation, a
small temperature increase of approximately 10'c was chosen. This was done to
avoid a rapid f ailure of the insulation f rom burn-out rather than from aging.

On September 5, at 3.6 million reversals, the motor was shut down for
static testing. Before resuming reversing, additional tape was placed over
the inlet vents to partially block the cooling air and raise the maximun ten-
perature of the end turns to 200'C. Testing was then resumed.

On September 15, at 3.76 million reversals, the motor was started to
resuue the reversing af ter being down for testing. Inmedistely af ter start-
ing, a noisy bearing was detected on the pulley end and the notor was shut
down. When the rotor was reuoved f rom the stator to inspect the bearing, it
t,a found that the pulley end bearing was frozen. A replacement bearing was
available in an identical backup motor; however, it was feared that the pro-
cess of renoving the bearing f rom the shaf t of the rotor in the backup notor
would damage the bearing. It was theref ore decided to substitute the rotor
(with its bearings) f rom the backup notor so that the reversing of the test
actor could resune. Since the rotor was not considered a dominant failure
mechanism, this change would not affect the test results.

Before reasseubling the test notor, the concept of employing moisture to
accelerate the aging of the insulation was explored. Water was sprayed on one
end and the stator windings were aeggered at 250 volts. The insulation resis-
tance immediately dropped from 2.35 x 10I0 ohns to less than 28,050 ohms.
This test was repeated on the stator end turn of the backup motor with the
same results. Froo this test, it was concluded that using taoisture for
accelerating the aging or diagnosing the condition of the motor insulation was
not feasible because the ootor would not start in this condition.
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To return the motor insulation to a condition in which the motor could be'

run without sudden fatture, the stator was dried in an oven at 120'C for 3 '

hours. At the end of the drying period the insulation resistance was tested
and found to be 7 x 10I1 ohms. This was high enough to begin cycling of the
motor.

On September 18 the motor was reassembled with the rotor from the backup
motor and the test was restarted. On September 19, at 3.79 million reversals,
the motor was stopped and tested. After the stator passed the de leakage cur-
rent tests, the surge test revealed a stator failure. Oscilloscope traces of1 ,

the failure area are discussed in Section 5. On September 22 the rotor was'
>

| removed f rom the motor and the fatture location was identified in the stator
using the surge tester. With the tester, a small are through the slot wedge

i to the stator ground wall on the pulley end of the stator was seen. The pin-
hole created by the arc was approximately one half inch from the end of the

,

stator. |
|

|

| After the motor fatted, the stator was sectioned at the fatture location
.

to e xasine the slot insulation in the vicinity of the f ailure. The post- mor- ;

I tem examination results are presented in Section 5.
:
i
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4. TEST RESULTS ,

,

The 10 HP test motor ran for over seven months and was subj ected to
|

3,789,050 reverse cycles. The six temperature recordings shown in Figure 4.1-
<

i indicate typical thermocouple readings from the windings and bearings. The !

two leftmost traces are for the bearings. The Pulley End (PE) bearing temper- ;
'

ature is higher than the Opposite Pulley End (OPE) because of the presence of
the cooling f an in the later end. Similar trends also exist in the winding

,

temperature traces. The two bearing temperatures during the five hour plug |

reverse period were between 95'C and 110*C. The pulley end winding tempera- f

tures for the same period were within the band of 160'c to 165'C. The oppo- i

site end winding temperatures varied from 140'C to 155'C. These conditions :

correspond to the initial test period with a three second plug reverse cycle f'
and no obstructions in the cooling air flow from the fan end of the motor.

)
The stator winding temperatures were periodically increased and maintain- i

ed constant for the following reverse cycle ranges: !

|

Reversals Test Time Winding Temperature i

(millions) (106 ,ee) (ec) i
__

0-2.42 7.26 160

2.42-3.01 1.77 175 j

3.01-3.6 1.77 190

3.61-3.79 0.57 195-200

Af ter two million reverse cycles the bearing temperatures began to in-
crease. Prior to the bearing failures, the temperatures for the PE and OPE
vere ll5'c and 120'C, respectively. Although the rate of change in these tem-

peratures was not significant, a deteriorating bearing condition was suggested
from the trending. This etfeet is espected since bearing failure is usually :

preceded by increased friction in the bearing assembly, which results in high- f
er operating temperatures. However, the offects of increasing winding temper- |
ature by reducing cooling air flow uust also be considered when evaluating ;

'

hearing tesperatures. The degree to which bearing temperature increase was
caused by reduced air flow was not determined. Bearing failure is further

discussed in the post-mortem section.

To estimate the age of the motor at the time of fatture, thermal aging
was assumed to be solely responsible for the insulation degradation. The "ten i

degree centigrade rule" (in which the accelerated age of the insulation is i

twice the test time for every 10 degrees centigrade difference between the I

test and normal operating temperatures) is used to calculate the (quivalent {
time. Based on a normal operating temperature of 120'C for a Class 5 motor, !

the estimated age of the test motor insulation was approximately 16 years. !
This does not include the motor operating time in a nuclear facility prior to
the test. As previously mentioned, the motor was refurbished with new insula-
tion using the VPI treatment, and new bearings before the test started and was

I

)
|

,
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Figure 4.1 - Winding and bearing temperature traces.

considered as s "as good as new" motor. Other aging effects such as mechani-
cal cycling, bearing degradation, laboratory environment, and operating modes
were not considered in the above age estimation.

In utilizing the estimated motor age, it must be c.oted that the main
obj ective of this program was to determine whether there wxists any trending
of test parameters which could be used to nonitor the condition of a motor.
Tho estimated motor age is determined here solely for purposes of this study
and should not be used in relation to motor qualification for nuclear facili-
tied.

As a result of this test, the motor was seen to fail in two distinct
modes; bearing failure at 3.76 million reversals, and insulation f ailure at
the wedge at 3.79 'sillion reversals. The trends of each of the test results
are discussed below relating to these two f ailure modes.

At the beginning of the test program, a learning period was devoted to
performing each functional indicator test using the associated test equipsent.
As a result, some outliers in the beginning of the plots may be interpreted as
anomalies in performing the tests. Outliers also exist outside this period
and may be considered as human errors in registering the correct values or in
data nanagement after the test was perforned. Each plot corresponding to one
of the functional indicators is further discussed in detati vith relation to
the motor component conditions and their future health.
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In examining the test results, it should be noted that the findings of
! this test program are based on the testing of one motor only. Parameter ;
3 measureuents are, therefore, influenced by the characteristics of this motor's '

| component materials and design. Similar testing on other motors could produce i

different parameter values. The focus of this study, however, is on the ;:

j trending patterns of these parameters and not their magnitude. The final ;

f ailure mode (s) of a notor component is expected to be preceded by the same ,

trend in parameter values provided the motor design or materials of con- |
struction reuains the same. The age-related degradations leading to failure

,,

! modes inherent to electric motors can then be monitored using the same '

functional indicators investigated herein. The conclusions drawn trou this |
study are, therefore, applicable to other motor designs. i

,

i t
J 4.1 Dielectrie Insulation Resistance !
} l

| 4.1.1 Polarisation Index (PI) [

The insulation resistance of a dry motor winding in good condition will i:

{ increase under a constant test voltage potential untti a f airly steady value !
; is reached; typically in 10 to 15 minutes. If the winding is wet or dirty, j
l the steady value will be reached in 1 or 2 minutes after the test potential is 1

j applied. The polarization index is the ratio of the 10-minute resistance l
d value to the 1-minute resistance value. Thus, this paratneter is userul in |

i appraising windings foi dryness and for fitnesi for overpotential tests. i

)
The polarization index of the test motor was measured as part of this

study to determine if results from this test can be trended to monitor aging
i degradation. Results are shown plotted with reversals in Figure 4.2. The

|? scatter in the results is f rots reveral sources. The scatter which occurred !

during the first few thousand revers. tis is believed to be due to changes that {
were continually being made in the measuring techniques to improve reproduct- |
bility. Subsequent scatter is believed to be due to inaccuracies inherent to '

the instrumentation and equipment used to perform the tests. As shown in
Figure 4.2, no definitive trend in polarization index was observed during the
test period.

1

IEEE Standard 43 8, identifies the minimun P1 for Class 8 or T electriu ,

actors to be 2.0 and specifles that it should be independent at winding tem-
j|

,

peratures. As shown in Figure 4.2, the PI for the test motor was found to
fluctuate between 2 and 3 throughout the test. This value is very close to5 i

| the IEEE specified ainimun and normally would indicate some degree of contami-
j nation. The *.est motor insulation system. howsver, was refurbished immediate-
! ly prior to testing. As previously centioned, a relatively new vacuum impreg- ,

j nated epoxy type insulation was used. In addition, the tests were perforned
|

{ in a controlled laboratory environment where contamination by dirt and/or
;

] moisture is minimal. It is therefore believed that low values of polarization ;
1 index are characteristic of clean, dry vacuum impregnated epoxy insulation I

systems. This indicates that the IEEE standard uay need to be reviewed and !

updated to properly address current improvements in insulating materials. J

i

1

!

I I
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Figure 4.2 - Polarization index at 500 volts de.
[

The te'aperature dependency of the test motor polarisation index was also j
examined. Figure 4.3 shows PI plotted against winding temperature. It should !

be noted that PI tests were performed during the motor shutdown period af ter !

the windings had time to cool down f rom operating temperature. As shown, the
results indicate a very slight increase in PI with temperature. This may be ,

characteristic of the insulation systes used, however, the scatter obtained in !

the data is felt to be too large to draw any firm conclusions regarding tem- L

perature dependency. ;

4.1 2 De Insulation Resistance !

|
The de insulation resistance test measures the electrical reststance of ;

the phase-to-ground insulation in a motor winding at various test voltsges.
It is typteally used in industry to verify insulation dryness prior to start-
ing electric motors. A segger is used to perform this test.

The de insulation resistance test was per f orsed at three test voltage
levels for this study: 250, 500, and 1,000 volts. The megger used in the,

| test program had a resistance measurement range of 105 to 1012 obras in 8
'

ranges. The typical megger units used in plant maintenance programs have a
compressed scale in the range above 100,000 megohes. Resistance values above
100,000 segohns are read as infinity. The megger used in this test program
was selected to read the resistance value accurately in order to trend the
parameter with the reverse cycles.

. . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ - _ _ - _ _ -
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Figure 4.3 - Effect of temperature on polarization indet.

Figure 4.4 shows the three test values plotted against the number of
reverse cycles. As shown, the de resistance increased f rors approximately
26,000 megohns at the beginning of the test to a maximun of over 900,000
megohns. There is a rapid increase in de resistance at 3 at111on reversals
and en increased scatter prior to the insulation fatture. Stattar trends are
also observed in the resistance to charging current after 1 and 10 minutes, as
shown in Figure 4.5. It is also evident that no significant change in the
insulation resistance occurred with the increase in applied voltage.

Per 1EEE 43 8 the minimum acceptable insulation resistance (R,gn) for
a 460 volt motor is 1. 4 seg ohm s ( i .e . , Rain = Voltage Rating (kV) + 1). As
indteated in Tigure 4.4, the measured test values were well above 1000
segohns, indicating good insulatior, condition throughout the test, including
the end of life. If a standard negger unit would have been used in the test,
all resistance readings would have been represented by a straight hortsontal
line at a resistance value of infinity. This would have shown no trend in the
insulation resistance values as the insulation aged. However, Tigure 4.4
illustrates a definite trend at resistance values above 100,000 segohas.

,, . _ _ _ _ _ .
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The increase in resistance shown in Figt re 4.4 as the insulation system
is aged is believed to be due to the continuous polymerization of the epoxy in

.the insulation s{5 stem during the aging. This phenomenon has been observed in
other studies 9- As aging occurs in the epoxy insulation, polymerization
of the charge carriers occurs, which increases their size. Cross linking
between the polymer chains proceeds, which further restricts the movement of
the charge carriers. Both of these phenomena contribute to the reduction in
the flow of charge carriers and in the de current through the material.

I

The paterials in the stator insulation include glass, polyester, dacron |.

and epoxy. The epoxy is used in two places in the motor; the end turns, which ;
, vere vacuum pressure impregnated with an epoxy resin, and the slot wedge which i

is a .030 inch thick glass reinforced epoxy molded wedge. An increase in de
resistance with aSing does not occur in glass. The effect of aging on the !

electrical properties of dacron and polyester could not be found f rom a pre-
liminary review of the literature.

The epoxy in the slot wedge is thought to be responsible for the trends.

observed in the de insulation resistance, since the electrical path f rom a |
4 - conductor through the wedge to ground is the shortest path. The path through ,

the epoxy in the end turns to the ground wsil of the stator is considerably i

longer because the slot tubes extend 1/4 it.un beyond the edge of the alots. ;

!

It is interesting to note that _atter in the de resistance increased
signi2icantly during the last 500,0 reversals, as shown in Figures 4.4 and
4.5. The cause of this trend is no. ell understood. It might have been an

~ indication of epoxy breakdown or wedge weakening which eventually occurred to [

; fail the motor. |
I- !

4.2 Surge Testing |
' .- ,

Surge test.jng is a comparison test between two coils or phases. A test
'

voltage is applied to the two phases to be compared. The superimposed voltage
oscillations shown on a cathode ray oscilloscope determine the condition of '

the phase pair depending on the degree to which they match. If the wave pat-

| terns diverge, tl)en the two phases are not identical and a fault exists in one
,

or both of the. phases. A perfect match indicates that both phases are in good t

condition. l
'

i
, .

;
The surge test can detect localized faults in the insulating material.

|

These include turn / coil shorts, phase shorts, open or loose connections, par-
[tial or complete ground, phase imbalance, and reverse connections. Since this ;

j test uses a step wavefront high voltage pulse, the application of this test is !

limited to small low voltage motors that havo less copper (large amount of j.

copper will dissipate voltage signals and affect test results). This test can i

be performed at the motor control center as long as surge arrestero or.capaci- .

. tors on the line are properly disconnected. |
l !<

;

I
i
:
f

i

| |
: r

! !
.

'
t
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The surge testing performed for this study compared the following phase
combinations; phase 1 vs phase 2, phase 2 vs phase 3, and phase 1 vs phase 3.
Test results shoved no shorts in the motor until motor failure occurred. This
is discussed in more detail in Section 5 of this report. Typical oscilloscope
patterns observed are shown in Figure 5.3 for phase 1 vs phase 3. Photographs
were not taken of the oscilloscope patterns for each of the surge tests per-
f o rmed.

4.3 Dissipation Factor / Capacitance

Changes in the dissipation factor of an insulation indicate that the
insulation has developed cracks and voids which allow a path for current leak-
age, contamination, and ionization. Similarly, changes in the capacitance
indicate insulation degradation due to thinning and presence ot moisture,
layer short-circiitts or open circuits in the capacitance network by the ioni-
zation process. These parameters are, therefore, useful in assessing insula-
tion condition.

If the insulation condition is bad enough to cauee severe ionization
within voids and cracks, both dissipation factor and capacitance will indicate
some increase. The voltage level at which this ionization becomes signifi-
cantly high is known as "tip-up" voltage. This is a widely used maintenance
test to evaluate the extent of insulation deterioration caused by ionization.
In this test program, the partial discharge test de; ermined the "tip-up" volt-
age.

Both dissipation factor and capacitance tests were performed at 500, 750
and 1000 volts ac. The test data are plotted against the number of reverse
cycles in Figures 4.6 and 4.7. As shown, the curves for the three voltages
fall very close to each other. A downward trend is observed in which the dis-
sipation factor fell from approximately 0.7% to approximately 0.35% at the end
of the test. The large scatter during initial testing is attributed to
changes in measurement techniques, as in the measurement of the polarization
index. In general, the dissipation factor remained low during the test indi-
cating a dry, dense insulation system. A similar trend was also observed for
capacitance measurements, as shown in Figure 4.7.

The fact that the dissipation factor and capacitance values showed a
decrease with reversals is consistent with the findings of the de resistance
test discussed earlier. All three tests indicated that the insulation was
still in a curing process, during which its insulating properties were
improving. -

4.4 Ac Partial Discharge

As an insulating system degrades and develops cracks and voids, ioniza-
tion (corona) discharge occurs due to the presence of air or contaminants
inside these defects. The degree of ionization depends on the number of
defects present in the insulating material. Since these electrical discharges
are caused by the voltage intensity across the voids breaking down the air or
gas molecules inside these voids, these discharges occur at a threshold

!

|

|
r

|

!



-. _ . . _ . _ . _ _ . . ._ ___ _ . _ _ .. . _ . . _ _ _ . . ..

t

4-9
,

.

'

i

|

!
.!

,

'
>

3 , -*- 500 v !-

(--- no v
| 7

g + 100o v r

' a

.e l . ._n
i ,1 I (m .

g t
!

i
. o <

j
fC .6 -d ' '

h'"

j 4* %I.. o.
,

\ 5
..

{

!j 2
,

i
3

o.|
|
'

<

I o te6 7e6 3*C 4+6 ,

;4

REVERSALS
1 f

1 t

! !
Figure 4.6 - Ac dissipation factor at 500, 750 and 1000 volts. !'

i ,

f
| |!
'

!
t i

j

t xo < -- -o- $00 V

+ 750V .!
--*- 100o V

4W< ,-

i

$ ' ** an - =-

; e ,, _ _ _ _ === :_ _
- - , - --- -

o<

k
1 ), -

] t XOO YDMD# fy a' 2 42e negriats ile puxo Yo its c

d

{
o Jcts mtuats, lie a4Mo to is) c
*1000 Ii i

4

4

i 0-
j 0 tes 2e6 Se6 4e6
i REVERSALS

l:

i
Figure 4.7 - Ac capacitance at 500, 750 and 1000 volts

i

! ,1

1

1
1

; i

I; :



4-10
-

14 deter-voltage known as the inception voltage. The partial discharge test
mines this inception voltage level at which the electrical discharges become
significant.

The high f requency, relatively small discharges inherent to partial dis-
charge testing are dif ficult to measure, especially at a low voltage level.
Therefore, this test is typically reserved for high voltage machines of 6000 V
or higher. For smaller motors, as in the case here, a plotter approach was
used to determine the discharge inception voltage. Figure 4.8 demonstrates
a typical discharge in the winding with an increase in test voltage. At 904
volts the discharge level increased significantly, defining the inception
voltage level.

Once discharge has been initiated in a crack, it can be maintained with a
voltage lower than the minimum voltage required to produce a discharge initi-
ally (25% lower in some cases). This is due to the residual surface charge
left from the previous discharge. This minimum voltage is known as extinction
voltage.

Both the it.ception sad extinction voltages were measured during the test
and were plotted against the number of reverse cycles. The results for the
extinction voltage did not yield any particular trend nor provide any informa-
tion in nonitoring the insulation condition with age. The inception voltage
plot, however, indicated a definite trend as the motor was aged. Figure 4.9
shows a decline in the partial discharge inception voltage from over 1000
volts initially to 800 volts prior to failure. If the mode of insulation
degradation is related to the ionization within voids, this particular para-
meter indicates the early inception of discharges with an increase in dis-
charge activity as the cracks and voids develop with age. It is believed that
this was happening on the subject motor, as is suggested f rom the test results
shown in Figure 4.9.

4.5 Ac/De Leakag s Currents

Ac leakage current measurements were done with the ac/dc hipot tester at
voltages up to 1000 volts with an interval of 150 volts ac. The leakage cur-
rent values increased proportionally with the increase in applied voltage, as
expected. At 1000 volts, the leakage current fluctuated between 1.53 and 1.18
milliamps. No specific trend was observed throughout the test duration.

A de leakage current test is an alternate to the de resistance test, and
is performed in the same manner. The tests were conducted with a voltage
interval of 150 volts de up to a peak voltage of 1500 volts. The maximum !
leakage current values read through the test program were of the order of 0.03 '

milliamps. The extremely small currents obtained were very dif ficult to mea-
sure accurately. This test was, therefore, performed irregularly after the
initial few measurements were taken.

4.6 De Winding Resistance

i 1

| Each of the three phase windings were tested for their de winding resis-
|

t tance values throughout the test program. The results are plotted against

| |
|

|

!
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i

j the reverse cycles in Figure 4.10. With the exception of one outlier in the
bzginning of the test, all three resistance values remained relatively con-
stant during the entire test period. Near the end of the test program, the'

results indicate some wide scattering similar to cases with the insulation
resistance test results. The resistance could only change due to a turn
short, broken wire, or severely degraded wire connection, however, the exact <

'
cause of the scattering is unknown.

4.7 Winding End Turn Movement

!

The acceleration of the motor end turns from the 60 cycles per second
running current was measured during the continuous running of the motor, andi

is presented in Figure 4.11. Each data point is the area under the curve
gsnerated from a spectral analysis on the end turn movement, as shown in :
Figure 4.12.

i

Note that in Figure 4.12 there are sharp peaks at integral frequencies of ;

60 Hz. One volt on the Y axis is equal to 1 g of RMS acceleration. The plot
is the average of 4 runs as indicated in the middle, above the graph box. No
damping was used, as indicated in the upper right of the figure. On the bot-
tom of the figure, the integrated area under the curve, 203.9 E-03 volts (or
g's) is given.

The end turn movement was difficult to measure reliably because of the '

contribution of bearing noise and vibration to the meaaurement, and because of i

the difficulty in maintaining a secure mounting for the accelerometers. Seve- t

ral times during the program the accelerometers came loose from their epoxy
mounts and had to be remounted. The epoxy used was a two-part room tempera-
ture curing electrical resin.

|

In general, the movement changed very little during the test. As seen
from Figure 4.11, the acceleration results were scattered around 0.2 g. This
lack of movement is expected from an epoxy vacuun impregnated stator where the;

epoxy gets stronger by age, as reflected in the higher de dielectric insula-
[

tion test readings. At the end of the test, the end turns appeared to be
equal or more rigid than at the start of the test. If the windings had been
treated with a polyester or silicone, which sof ten at higher temperatures, '

1 more movement would have been expected. A turn-to-turn failure in the end !
turn due to conductor movement would also be more likely to occur. I

t

i 4.8 Bearing Noise and Vibration
f

The bearing vibration velocity and displacement are shown in Figures 4.13
end 4.14, respectively, for the bearings at both ends of the motor (PE-Pulley
End, OPE-Opposite Pulley End). Both of these figures show an in:rease in
vibration at approximately 2 million reversals and a large increase ia scatter

.I
,

1 of the points. Bearing noise also became detectable at this point and more
'f requent gressing was performed for the remainder of the test to help quiet

q the bearings.

Bearing noise continued to increase despite the more frequent greasing.,

| At approximately 3.76 million reversals, the noise was excessive and the motor

| was shut down for inspection. The bearing noise was the determining factor |,

,n , - - - - - ---. -- -. ~ - - - - - - - - - - , . . - - - - - - - -
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for indicating the deteriorated condition of the hearing. Prior to motor
shutdown, it could not be determined which bearing had failed or the extent of
the bearing damage. Referring to Figures 4.13 and 4.14, the bearing velocity
and displacement measurements showed increased vibration for both of the
bearings af ter approximately 2 million reversals. This indicated that both
bearings had sustained some degradation.

While removing the bearings from the shaft during the post-mortem analy-
sis, the pulley end bearing was frozen to the rotor shaft. When force was
appited to remove the PE bearing, it broke into pieces. It was evident from
inspection of the bearings that both were severely degraded and were considnt-
ed to be failed. This is consistent with the results of the bearing velocity
and displacement plots which indicated degradation of both bearings.

4.9 Bearing Crease Analysis

Samples of grease were taken from the bearings after 0.82 million, 3.17
million and 3.19 million reversals (failure). The samples were sent to Key-
stone Pennwalt for a spectrochemical analysis and a test to determine the
dropping point (ASTM D2265). The test reports are included in Appendix B.
Because the bearings had to be continually greased while the motor was revers-
ed to prevent them from failing, the grease samples contained mostly fresh
grease and very little aged grease. 'ihe results of the grease analysis are,
therefore, not a true representation of the results which might be obtained
frum an actual motor in a plant environment. Where aged grease was available,
however, the spectrochemical analyses did show the presence of wear metals
(iron and nickel) which were not present in the unaged grease.
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4.10 No Load Motor Running Current

Motor running current signatures were periodically recorded, as shown in |

Figure 4.15. Throughout the test period, this parameter fluctuated between !
3.5 and 6.0 amperes. Also recorded along with the no load current was the
starting current each time the motor terminals were reversed. Both items were '

recorded on a brush recorder fast enough to distinguish the variation in '

current over 1/60 second.
,

Both starting current and no load current indicated no change in
magnitude or shape during the test. A change in running current is possible
when the magnetic circuit changes or the rotational integrity (i.e., bearings) |,

is affected by increased functional load. Since none of these factors were'

present during the test, no change in running current was expected. The
results of this test are, therefore, consistent with expectations. ;
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| 5. POST-MORTEM EyAMINATION OF MOTOR COMPONENT FAILURES

In order to verify the accuracy of the failure modes observed during
motor testing and to gain additional insight into the effects of the failures,
the test motor was disassembled and inspected. The results of this post-mor-
tem examination are discussed in this section.

| As indicated in the previous section, the motor bearing at the pulley end
failed at 3.76 million reverse cycles. An increase in bearing noise was prom-
inent enough to be heard af ter approximately 2 million reverse cycles. The
bearing failure was indicated by excessive bearing noise which prompted the
operator to stnp the test and examine the condition of the bearing. The pul-
ley end bearing came apart during disassembly from the shaft, as shown in
Figure 5.1. The opposite pulley end bearing was also removed and is shown in
Figure 5.2. After removal from the shaft, the f ailed bearing showed signs of
severe damage. The cause and mechanism for this failure could not be estab-
lished from the post-mortem examination. It is, however, believed that the 1

reverse cycle load on the bearing contributed to prematurely reaching the end
of bearing life.

|

Figure 5 1 - Pulley end bearing after being removed because of noise I

(bearing came apart during disassembly). '

|

1
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After 3 79 million cycles, the stator was found to be grounded during the
surge test at 1000 volts, as shown in Figure 5.3. Prior to the surge test, i

Ithe motor passed the de insulation resistance tests at all voltage levels.
However, after the surge test the insulation resistance at 250 volts was 22
megohms (uncorrected) as compared to a previous test value of 180,000 megohms
at a test voltage of 500 volts the stator was found grounded. Subsequent
testing indicated that the f ailure site was where the conductors in the wind-
ing arced through the wedge to the stator iron. On examination, a pinhole was
noted in a wedge, as indicated in Figure 5 4.

Based on the above test results, it is believed that the stator degraded
at the failed wedge location. It is possible that weakened wedge on the Phase
2 winding at this location existed while performing the pre-surge test megger-
ing. Therefore, this initial megger test did not indicate the ground short.

,

During the surge test, a pinhole developed in the wedge which led to an arcing
ground to the stator iron (see Figure 2.1, item 1) outside the wedge (see

Figure 2.1, item 3). The point of wedge failure is illustrated in Figure 2.1 )

and is marked as item 6. Af ter removing the surge voltage, the wedge still
stood e aeggering at 250 V which indicated good coil insulation resistance ,

(i.e., greater than 2 reegohms), but the insulation failed at the higher test ;

voltage level because of stronger arcing which eventually burned the wedge and i

ca' sed grounding.' u
,

l

..

+-

is,

f

1

Figure 5.2 - Opposite pulley end bearing af ter being removed af ter test.

1
1
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Figure 5.4 - Time exposure of the stator while being tested
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) The stator was sectioned at the failure location to examine the slot
insulation and wedges in the vicinity of the failure. Figures 5.5(a) and (b)

show the sectioned stator. Further examination of the failed area revealed
,

that the wedge damage was local. Figures 5.6(a) and (b) show a comparison
between the damaged and undamaged coils. Examination of the f ailed wedge in
the vicinity of the pinhole indicated a blackened area due to sparks and insu-
lation burning, and the wedge was weakened with many smaller holes (i.e. , per-
forations) around the damaged area.
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6. CONCLUSIONS

6
| The Plug Reverse Life Test utilized in this test program was found to

be a viable method of subjecting an electric motor to accelerated aging. This'

method allows control of the motor winding temperature by varying the reverse
cycle frequency. The heat generated by the high starting current each time
the motor is reversed maintains the winding at an elevated temperature and is
preferred over the conventional oven approach. Since the motor is running,
all the stresses normally present during motor operation are generated. When

.

it reverses its direction of rotation, large cyclic mechanical loads are !

introduced on the bearings, stator assembly, and other uechanical components.
Thus, while the accelerated thermal aging of the insulating system occurs,
other motor subcomponents are also aged. It is, therefore, concluded that
this method of accelerated aging of motors closely simulates the true opera-
tional conditions experienced during the normal life. The method is found
suitable for laboratory testing and is reconmended for motor qualification.

The motor condition monitoring test results obtained from this test pro-
gram are discussed in the previous sections. Note that the results are from
one test of this kind and caution should be taken in deriving conclusions on j
motor life estimation, design considerations, and other related findings. To
obtain information for use in these areas, similar tests should be conducted
on different sizes and types of motors with different kinds of insulating i

materials and bearing types. '

6.1 Dielectric Insulation Resistance Tests I

|

The dielectric insulation resistance tests include de insulation resis-
tance and polarization index tests. These tests are go/no go types of tests.
They are essential for plant maintenance prior to motor startup after a long,

standby mode or before performing any high potential tests. These tests indi-4

cate the presence of insulation contaminants, specifically moisture. The
dielectric resistance tests taken at 250, 500 and 1000 volts all shoved trends
of increasing resistance over the life of the test motor. All values were
well above 1000 megohms, which is very high coapared with typical levels of
insulation resistance commonly used as indicators of performance in industry
and IEEE Standard 43. The observed trend is attributed to the further curing
of the epoxy resins that were applied prior to test initiation.

.

Polarization index is an average property (or characteristic) of an insu-
lation material. It would not ir.dicate the presence of cracks, voids, or
other degradations. Results of the P1 test performed for this study showed
little change over the life of the test motor. Trending of this data for the

; subject motor winding provided little or no significant information on the in-
sulation condition. This test is, therefore, not considered effective for
monitoring aging degradation.

'

It is interesting to note that the polarization index averaged about 2.5,
which is at the lower limit prescribed in IEEC Standard 43. This reflects a
rapid charging, believed to be characteristic of d ry non-contaminated epoxy
resins.

,

;

1

i

_ _ _ _ _ _ .



,

6-2

i

As insulation aging proceeds, the unterial will become dry and ha: der. 1

The insulation material will lose mechanical strength and become more suscep-
tible to cracking. As cracking occurs, grounding paths could be established,
leading to a decrease in the overall insulation resistance. This suggests
that de resistance could be an ef fective parameter for monitoring the age of
the insulation by trending insulation resistance measurements. However,
charging current effects on currently available aeggers make it difficult to
measure resistances accurately enough for trending purposes, particularly at
high voltage potentials. Use of this parameter as an indicator for monitoring
aging degradation is, therefore, not recommended at this time.

Considerable time was expended during the test in obtaining reproducible
data at levels above 1000 megohms because of charging current problems.
Improved megger equipment, which could eliminate charging current problems and
other interferences, would reduce the time of testing and improve accuracy in
determining insulation resistance during motor life. Compensation due to
temperature of the tutor, if any, must be considered in evaluating the test
parameters.

6.2 Surge Testing

The surge test is a good method for detecting turn shorts, grounds, and
improper or open connections. The test uses voltage signals for comparing
phases in a motor oc coils in a disassembled motor. The surge test can be
best used on random wound motors, like the 10 hp test motor, which are rated
for lower voltages and have less copper. The test will detect connection
probleus and imbalance between phases.

Surge testing is liuited by the breakdown voltags of the insulation to
ground. The voltage across the turns in a large high voltage motor is greatly
reduced and the surge test may not detect failures.

Results of the surge testing performed for this study showed no turn
shorts until the insulation finally failed. The failure, which occurred at a
wedge, was then detected by the surge test aftcr the winding had passed a
megger test. This denonstrates the additional predictive accuracy obtained by
perforuing surge testing in addition to simple meggering.

Although this test has linitations for large actor applications, it can
be used in rewind / repair shops for all types of motors where complete motor or
individual coils can be tested. With the equipment currently available, surge
testing does not lend itself to trending for age degradation monitoring and it
is not recommended for that purpose. The development of digital equipuent for
storing wave forms will enhance the use of the surge tester in maintenance
programs.

6.3 Ac Dissipation Factor and Capacitance Tests

The dissipation factor and capacitance tests show the ef fects of voids,
cracks and thinning of insulation. Both of these tests are recommended for

|
|



I

6-3

maintenance programs. In addition to evaluating existing insulation condi-
tion, it is felt that test results can be trended to monitor aging degrada-
tion. This was not, however, demonstrated in tnis test program. Both dissi-
pation factor and capacitance were shown to have a downward trend, indicating
en improvement in insulating properties. This is believed to be due to curing
of the new insulation applied prior to testing and is consistent with other
test results. Iloweve r, in actual applications where insulation has suffi-
ciently cured prior to operated, it is expected that changes in both dissipa-
tion factor and capacitance would be experienced as aging progresses.

6.4 Ac Partial Discharge Tests

The tests gave the best indication of insulation deterioration. Over the
life of the motor tested for this study, the inception voltage fell from
approximately 1100 to 800 volts showing that there was increasing partial dis-
charge across the insulation to ground. This was an indication of insulation
degradation. The post-mortem of the subject motor winding determined that L

discharges at the degraded wedge caused the motor to f ail. The partial dis- L

charge inception voltage trend was found to support this final failure dia5-
nosis. Therefore, this test is considered to be a good test for nonitoring
insulation condition.

.

i

This is a difficult test to perform on low voltage cotors because of r

noise levels and the sensitivity of the test equipment. To get adequate
results, a plotter had to be used to anplify the output of the tester. To use |

this test as part of a maintenance program on small low voltage motors, more
sensitive equipment is needed which includes better means of detecting partial
discharge (corona) inception voltage. The plotter approach used in the 10 hp
test program appears to be a good way to record the discharges and determine
the inception voltages.

6.5 Ac/De Leakage Current Test

These tests showed little change in leakage current over the life of the
motor. This is primarily due to the difficulty in measuring the extremely
small currents present. If the ac voltage is raised to a level where differ-
ences can be noted, the test could be destructive. Ac hi-pot testing is best
used in repair shops or by the manufacturer to establish the insulation
endurance at the breakdown voltage. These tests are not recommended for regu-
lar mitntenance of electric motors. |

Oc leakage current test is a high voltage de test similar to the insula-4

tion resistance test in which case the resistance of the insulation is measur-,

ed instead of the leakage current. This current becomes significant once the
condition of the insulating caterial is severely degraded with holes, cracks |
;r contaminants. In this test program, this functional indicator renained
small throughout the test period and did not indicate any sign of insulation
dsgradation. Since this test involves high potential level, this should be
performed by increasing the test potential in steps and in no case should

;

exceed the insulation breakdown voltage. ;
1

|
|

i
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6.6 De Winding Resistance Tests

The winding resistance test is primarily used in a maintenance program to
detect shorted turns, broken wires or open connections. When taking resis-

tance values, temperature must be considered. In the 10 hp motor study, '

little or no change was detected in winding resistance as the motor aged.
Trending of this parameter is, therefore, not felt to be an effective means of

'

monitoring aging degradation.
i

6.7 Winding End Turns Movement
,

a

This is a good parameter to monitor for maintenance programs if it is
possible to put sensors (strain gages or accelerometers) on the motor end ,

] turns. Further development of sensors may be required. *

On the 10 hp motor, no movement was detected because the epoxy vacuus
; impregnated end turns did not move or soften at high temperatures. At the end >

of the test its structure was still rigid, which is typical of aged epoxy ;

j; If the insulation treatment involved polyester or silicoas. whichstructures.
; sof ten at high temperatures, movement probably would have been recorded and
] could have led to a turn failure. |

6.8 Bearing Noise and Vibration Test
,

This test is essential to a maintenance program for measuring the condi-
tion of the bearings. As seen from the 10 hp motor, bearing failures are pre-;

] ceded by increased noise and vibration. Bearing noise is a primary indication
of bearing degradation; however, it does not provide sufficient intormation ,

*

'for esta'olishing the degree of bearing damage. Vibration monitoring including

bearing velocity and displacement is useful for this purpose. Trending of i
this parameter is possible and is recommended for monitoring bearing degrada- ;

; tion. ;

; !
j 6.9 Bearing crease

,

i
'

Analysis of aged grease from the motor showed the presence of wear metals ,

(irons and nickel), which are not present in fresh gresse. This suggests that |
8

1 the grease analyses could be used to trend wear metal concentrations. After |

| estabitshing a normal wear metal deposition rate, corresponding to normal f
j bearing wear, abrupt changes in the deposition rate could indicate incipient !

'

j bearing failure. However, this was not demonstrated in this test program.
This test analysis of grease samples should be considered in the maintenance

,

; programs. |
t i

j 6.10 ,No Load Motor Running Current i

i !

! Motor running current plots are useful for a maintenance program to ;

j detect changes in the magnetic circuits in the motor and changes in the wind- |
| ing due to broken or shorted wires and charges in the connection. In order to i

; obtain coriaistent results, the input voltage must be controlled at a constant |
1 level. As evidenced from the results of this study, running current provides i

; little information for monitoring aging degradation.

i
,

i !

,

1
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APPENDIX A

MOTOR TEST EQUIPMENT

Descriptions of each piece of test equipment utilized in the test program
are discussed in this appendix.

A.1 De Insulation Resistance Tester

The insulation resistance and polarization index were measured with a

| battery-powered, Biddle Model RM 290 Sullivan Megoheneter Type T2900 (Figure
A-1). The instrument had four test voltages (100,250, 500 and 1,000) and a

j resistance range of 1015 to g ol 2 ohms in 8 Ranges. The current range is
100 pA to 1 mA in 8 ranges. The test voltages are selected by push button

5
giving2 four discrete values. The accuracy of the instrument in the range 10
to 10 ohms is + (2+ scale readinF)%. At 1014 ohms the accuracy is + (4+'

scale reading)%.

;

,

- |
'

f

'
'I

*
,

i

I -

I

i
i

!
-

"

i

3
*

|

1
4

i Figure A.1 - Biddle Model RM 2900 Sullivan Megohameter.

A.2 Ac Dissipation Factor Capacitance Test Set
i

| The dissit.ation f actor and capacitance were measured with a Biddle Model

i 670025 Capacitance and Dissipation Factor Test set shown in Figure A-2. In
1 addition to these two test parameters, the test equipment provides the ac

| 1eakage current measurements at various applied voltages. The maximum test
voltage this test equipment can provide in 2.5 kV. The dissipation factor is<

} displayed in digital f o rm in percentage, where the capacitance values are

| obtained by balancing the capacitance bridge and expressed in pF (picoFarad).

j The ac leakage current is read in digital form in mil 11 amperes.

}

!

\ '

__
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A.3 Ac Partial Discharge Test Set

Tbc inception and extinction voltages for partial discharge were ueasured
with Biddle Model 661072 Partial Discharge System. The system required a pri-

mary voltage of 120V ac , at 60 hz and 5 amps maximum with 3-wire grounding.
The system included a model 17000 partial discharge detector, digital kilo-
voltmeter panel assembly, partial discharge digital evaluation unit , phase-
sensitive noise blanker, ground cabic assembly, power separation filter and a
calibration signal coupler. This system required an electrical noise filter
which was provided by Wendell Starr. The arrangement of the test set up for

1 the systems is shown in Figure A.3. To measure partial discharge (corona), a
high potential tester must be used along with the partial discharge tester.
The partial discharge tester only shows the corona discharge from ac high
potential test. For a high potential voltage, the ac dissipation factor /
capacitor test set was used. For output from the partial discharge tester,
the Hewlett Packard 7015B X-Y recorder shown in Figure A.4 was used. Figure

A.5 (a) and (b) show the Biddle parts of the partial leakage tester.

I

_ _ i

3- - . . .

D b~

. ~ - .
_

<M '.h k~ ".5 %
- , _ . , . . - - _ _
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Figure A.2 - Biddle Ndel 670025 Capacitance and Dissipation
Factor Test Set.
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A.4 Surge Test Winding Dielectric Tester

Surge testing of the stator windings was perfortned with a Baker Model !

ST106 Winding Dielectric Tester as shown in Figure A.6. This tester has the'

i capabilities of both surge testing and de hipot testing with a maximum test
'

voltage of 5000 volts. The built-in oscilloscope on the unit displays the
voltage wave forms for the two coils or phases being compared for winding
defects. If the wave patterns diverge, then the two phases are not identical
and a fault exists in one or both of the phases. If the fault is intermit-
tent, then the wave patterns on the CRT will flicker and change.

The test was performed much like a stop voltage test with a de hipot.
The applied voltage was raised slowly while the wave patterns on the CRT were
observed for any sign of a change or fault. If the wa e patterns remained ;

stable up to about 2600 volts (i.e.(2x460+1000)l.6), then the winding exhi-
bited sufficient turn-to-turn and phase-to-phase dielectric strength to remain
in service. If the wave patterns became unstable below this level, then some
weakness van expected in the turn-to-turn, coil-to-coil, or phase-to-phase
insulation.
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Figure A.6 - Baker Instruments Model ST106 Surge Tester
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A.5 Ac/De Hipot Tester (Ac Current Leakage Test) )

The ac/dc leakage current tests were conducted with the Hipotronics Model
H303B ac/dc Hipot Tester as shown in Figure A.7. Since at hipot test can be
des t ructive at a high test voltage level, this test was performed less fre-

,

1 quently than other tests.

A.6 De Winding Resistance

; The resistance of the notor windings was measured with a Biddle Model
I 72-430 Wheatstone Bridge as shown in Figure A.8. This instrument has a range

j of 0.1 ohms to 11.1 megohms in 7 ranges when used as a bridge, and from 0 to
'

! 11,110 ohms when used as a resistance box. The limits of error as a resis-
tance box (which is the way it was used for this work) are + (0.05% of reading
+ 0.1 ohms).

A.7 Motor Running Current

The average motor running current during cycling wat. measured with a dig- !

j ital clamp-on ammeter. A continuous recording of the motor running current
'

during cycling was obtained over several cycles using a high speed recorder
manufactured by Brush Instruments Company and is ahown in Figure A.9
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Figure A.8 - Biddle Model 72-430 Wheatstone Bridge used for testing the1

] winding resistance.
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A.8 Winding End Turn Movement

While the motor was running continuously, the signal from the
accelerometers opoxied to the end turns of the notor was processed in a Model

,

|
2512 CenRad spectrum analyzer, as shown in Figure A.10. This analyzer is a

; one-channel spectrum analyzer using digital Fast Fourier Transform (FFT)
| techniques for high-speed narrowband analysis of the frequency content of

analog or pre-digitized input signals. It resolves the input into 400i

| frequency lines (or filters) equally spaced across selectable analysis rangen
j from 10 Hz up to 100 liz. The g-itz (which is the product of acceleration and

was plotted on a llewlett Packard plotter and is shown in Figure| frequency)
A.4. '

,

!'

) A.9 Bearing Noise and Vibration .

l
i

'' Bearing noise and vibration was measured with a Model 308 Vibration-Sound
meter and a Ndel 544 Vibration Probe manuf actured by IRD Mechanalysis, Inc. |,'

]
as shown in Figure A.Il 1
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A.10 Motor Winding and Bearing Temperature

i The thermocouples on the end turns of the winding and the bearing were
recorded on an Omega Ten Channel Temperature Recorder shown in Figure A.10.
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Figure A.ll - IRD Mechanalysis Model 308 vibration-sound met.er.
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APPENDIX B

,

Analysis of Zeniplex R-2 Crease Used in the Test Hator Bearings
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m E rJ N N A LT
KEYSTONE

! E
CHEU.CALS e E0VPMENT

HEALTH PRODUCTS
tist ano uppiacott staarts. Pauonnaa pa mse us a.

January 12, 19 7ME

Mr. Alfred Sugarman iM mE & ME
I

Nutschgyg

145 Martinvale LaneSTREET ADOAESS

! 88" J0'' California 95119CnY N p ecog

Analysis of Used teniplez-2 Lubricating Crease

Two samples of lubricating grease were analyzed. The greases were labeled
OPE & PE. Spectrochemical analysis of both samples reveals lower values I

for elements representative of Zeniplex grease (i.e. aluminum, phosphorus, !

sine & barium). Terrous wear and airborne abrasive contamination were also
present in moderate to high amounts. Dropping point values show them to i

be typical for normal Zeniplex. All elements are in parts per million.

Nutech Nutsch teniples-2
OPE PE Typical

Alum i num s (Thickener) 640 2020 2500 I

Phosphorus:(Additive) 190 370 1000
Einci (Additive) 150 950 750
Barium: (Additive) 50 180 750
Irons (Wear Metal) 110 250 nil
S111 cons (Airbgene Contamination) 50 790 nil
Dropping Pt. F (ASTM D-2265) 470 474 440-480

[Q b--'

Percy R. Kanga
Chemist, Product Development

PRK/ tap

TSR 45149

cci G. Arbocus
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. _. -m. KEYSTONE

13 PEfNWALT -'

CHE%CALS a ECUtPVENT
HE ALTH PACOuCTS

titt A8so L*Po*COTT stasart, PniLAesLPma. Pa toiss W s a.

DATE Tril 18_- 19 M I

For: NAME & LTtE _ftr. Alfrei.Su;ein

COMPANY tht ech

STREET ADCAESS H5.1.artinvata f Ana

CITY m Jane STATE Pallf e l= ZIP C00E 94119

!

RAnalysis of LMed Zentplex -2 Crease

Wree samles of Ittricatirn grease (one unused ard two taken frtn a tearirn on the
pulley er:3 of a ector), wre analyzed. We greases wre lateled Unused, Ir,toard Sido
N11ey Dd, ard Grease tuasira Pulley End.

Spectrc0raphic aralysis en all three pro 3 vets shcws varyirn results. We unused sarple
as erpacted, irdicates all the ao31tive and thickener levels to be at or arove the
twical concentraticos. We IrMard sxple shcws the virtual absence of all the ateve-
centioned elcrents vnile the N11ey savle shcws cost of these eierents to te present
tut at levels far telcw norral. We N11ey ssTle also exhibits atrcreal levels of iron
ard nickel war. A check of the drgpirn points of these greases (an approxirate

lecasure of their there.s1 stability) irdicates all three samles to shcw altnintn ecT ex
grease type results. It is also possible that the absence of eierents rermily (curd in
Zeniplex (as seen in the intosrd asyle) ray also rean thst this grease coy ret te
Zentplex.

IfNIP!n ZD4! pin ZENIPtn IC1!Ptn
tfutech-tymed tfutech-frtoard Pfut ech-Pulley 1ypteal

Altnintn (nickener) 2200 60 730 2500
Itosphorus (613itive) 2000 0 300 1000

Zine (additive) 1700 40 200 750

Itsritn (aiditive) 500 0 0 750
40 850 nilIron (w,sr retal) -

0 290 nilNickel (war rwtal) -

Crcpptrq Pt. , r. ASm D-2265 475 461 492 440-480

f&& f~"
Percy R. Karys

Chenist, Prcduct [Atvelegrent

175/1v
TSR 14158

l
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l
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KEYSTONE

L3IDEMMALT m
CHEu:CALS e EcoPVENT

ME ALTH PeOCUCTS
I

21ST abs 0 LaPPseCoff St#ttTS,99mADEL#seta, pa 19133 y 3 a.

DATE Septatsu:.2h 19M

For. 74AME & TITLE *tf Alf md 42p

CCUPANy thatech

STREET AOCAESS ll5_51I11anle IAna

CITV san Jose. STATE P211 f amin Z1P CCCE 99119

RArulysis of Uend teniples -2 Crease

Fcur s.x:ples of lubricating grease wre aralyred. De greases wre latelai CET
Cutboard, CPE Inboard, PE Intoard, ard IT Cutbcard. Spectrochersical analysis cn al.1
fcur ssgles s.%es varyirg res' tits, as show telow.

Cst aninVon Except for taritn, w fcurd the oltrwnts that are supposed to to
present in Zeniplex-2. Waar twtals such as iron ard nickel wre also fcurd.
Calcitn, an aMitive elment rot for:'ulated into tentplex-2, as also present.
Silicen any either to due to dirt, or my to due to arother lubricant.

Om tsTrApna All 2eniplex type eierwnts are present, tut at lowred arunts, mere
ws evidence of high iron & nickel war. Calcitst & silicon wre both fourd again,
tut at increased levolu.

M INinVtD All teniplex type el eents w re absent. Iew levels of irm 6 tin war
wre fourd. Saw calcius us also present. mis &es rot a; pear to to Zeniplex
grease.

PE anTCNO: Altnintss ard pros; torus wre present tut *Lrc ard teritre wre rot.
Saw tr:n war es present. Calcitn (rct fcurd in teniplex) es again present.

A check of the drgping goints of these greases (an a;proxiste twasure of their
therm 1 stability) trdic.ites valves f ar telow that of Zeniplex-2. It is also
gossible tecause of the absence of elirwnts rcrw.nlly fcurd in teniplex (as seen in
the FE ISTGV3 sesyle), that this grease my twt to Zeniplex. All eierents are in
parts per million.

_ _ _ _ _ _ _ _ _ _



B-6

zmIrtfX pNIPUX 2ENIPUX 2ENIPUX 2DTIPUX
CR OmOMO CM DEOMO N DaQMc R cmOMO TGICM.~

Alumin.m (thidener) 1250 1830 30 940 2500
'

R W irus (ailitive) 500 700 0 300 1000
,

zinc (atiitive 300 500 0 0 750
Barius (miittive) 0 200 0 0 750
Iztri (waar metal) 380 760 30 60 nil;

Nickel (w metal) 30 70 0 0 nil

N1^1m (militive) 200 300 200 100 nil '

Silicum (airtcene
tcxxitamination) 90 180 20 0 nil

Tin (waar metal) 0 0 30 0 nil

Dgpire Pt.,
7 (Asta D-2265) 375 359 Insufficart amiple 383 440-480
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A ten shorespower electric motor was aritifical v ged by plug reverse cycling for
test purposes. The motor was manufactured in 19 and was in service at a concercial
nuclear power plant tor twelve years. Various s were performed on the motor through -

out the aging process. The motor failed afte 3.79 illion reversals (3 seconds per re-
versali over seven months of testing. Each estparahterwastrendedtoasrassits
suitability in monitoring aging and servic wear degrahation in motors. Results and
conclusions are discussed relative to the pplicability)fthetestsperforme:dto '

nuclear power plant motor maintenance p grams.
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