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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
3,79 million reversals (3 seconds per reversal) over seven months of testing.
Each test parameter was trended to assess ifs sultabllity in monitoring aging
and service wear degradation in motors., Results and conclusions are discussed
relative to the applicabtlity of the tests performed to nuclear power plant
motor maintenance programs,
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2,3,

5.

L

Average degradation Is referred To an overall condition of the Insulation, Local degradation Includes
turn-turn shart, hot spot, corona discharges, efc,

Ob*tained using *™he same Tes' equipment

Dissipation factor/capacitance Tests and power factor tests (noft Included In *™his program) are similer
tests, Oepending on the Test squipment size, These can be performed on all size sotors,

Trending of these functional indicators wes not verified by this test program but was concluded by
evaiuation and consultation with sxperts in the flald, These items are Included in t™he Table for
comp leteness,

Large, high voltage motors are Those with form wound colls or rated above 500 volts,
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2. DESCRIPTION OF THE MOTOR AND TEST EQUIPMENT

This section describes the test motor design and specifications, Also
{ncluded are descriptions of the programmable plug reverse cycle controller as
well as other test equipment ntilized 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 manufactured in 1967 and was operated in a nuclear
power plant for 12 years of continuous duty. After being removed from ser-
vice, this naturally aged motor was seismically tested at Brookhaven National
Laboratory to investigate aging-seismic correlations,

Upon completion of the selsmic tests, the motor was shipped to NUTECH
wvhere the tests discussed herein were performed, When the motor was received,
{t was disassembled, cleaned and inspected. The motor insulation and bearings
were found significantly degraded. The stator was subsequently refurbished by
vacuum pressure impregnation of an Epoxylite Epoxy Resin varnish (4] and new
bearings were installed, The condition of the motor prior to testing wvas sim-
flar to one in a nuclear power plant application subjected to full corrective
maintenance or overhaul, Actual plant maintenance records on the motor were
not available,

The original insulation system on the received motor 1is described
hbelow *. Figure 2.1 shows a sketch of the stator slot.

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

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

Ce Phase Insulation = Natural mat of non-woven polyester fibers satu-
rated with a polvester resin;

D Treating Varnish - Polyester,

The motor end turns were in(tially instrumented for the testing with PCB
Piezotronics, Inc. Model 303A sccelerometers rated for 121°C (250°F). These
were destroyed after 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
accelerometers which weigh 25 grams and are rated for applications to 260°C,
Tvo accelerometers were epoxied to vach of the end turns.

Two Type K, Chromel-Alumel thermocouples were epoxied to each end turn of
the motor to record the winding temperatures. Fach bdearing was also inatru~
mented with u similar type of temperature measurement device, The tempera-
tures were continuocusly recorded on a lO-channel Omega recorder.

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 {s epoxied to the end turn, In Figure 2,4 the thermocouple junctions
are shown mounted to the end turn.












2.2 Plug Reverse Cycle ing Test

The plug reversal test & has long been one of the most important means of
endurance testing polyphase motors., Interpretation of the results from this
test have been precisely defined by manufacturers. Failure patterns of
naturally aged stators and stators artificlally aged using plug reverse cycl-
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 a¢ the result of certain
stresses applied to the motor windings and bearings, are proparly simulated by
the test., The stresscs developed by this test method include differential
thermal stresses, differential coefficients of expansion, varnish weakening at
higher temperatures, magnetic force due to winding currents, and cyeclie
mechanical stresses on bearings and other fasteners.

The General %lectric Programmable Plug Reverse Panel shown in Figures
242, 2.5 and 2.6 was used to program the reverse cycling, continuous running
and shutdown periods of the test motor, The switch box shown in Figure 2.2
and 2.6 contained a GE 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 {s shown (n Figure 2.7. This
unit was specifically built by General Electric for this motor test.

The plug reverse tester was operated such that timer | controlled the
shutdown period of the motor. It was set for five and one-talf hours on and
thirty minutes off, Timer 2 was used to control the duration of the motor
cont{inuous 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}
seconds during the motor reversing period. Each test cycle was planned for &
hours, The shutdown period was extended as needed to obtain test measurements
and to do modifications to the motor and test equipment, The é-hour sequence
of operation was performed as follows:

« Press start button;
« motor starts in clockwise direction and runs 3 seconds;

« timer 3} opens contact Gl and closes contact 62 and motor is plug
reversed and runs 3 seconds in the counter clockwise direction;

» timer 3 repeats the 3} second cycles continuously;

« at the end of 5 hours, timer 2 opens contact El and closes coutact E2
and the motor runs continuously in the counter clockwise (normal)
dirvection for 30 minutes;

« at the end of S hours and 30 minutes, timer | opens contacts Al and A}
and the motor stops for 30 minutes. At the same time timer 2 closes
contact E]l and opens contact E2;

¢ at the end of & hours, timer | closes contacts Al and A2 and the pre-
vious steps are repeated for the entire test time,
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2.3 Test Equipment

The insulation dielectric tests and bearing vibration tests were per~
formed using standard test equipment availadble for plant maintenance. How-
ever, with the exception of the megger, all other test equipment {s primarily
used for corrective maintenance or repair shops. Appendix A provides detalled
descriptions of each plece of test equipment utilized in this test prograa and
also discusses the use and intrusiveness {n performing these tests.

The test equipment utilized include:

De Dielectric Insulation Resistance Tester
Ac Dissipation Factor/Capacitance Test Set
Ac Partial Discharge Test Set

Surge Tester

Ac/De Hipot Tester

Winding Resistance Bridge

Bearing Vibration Meter

Other Auxiliary Devices



3. TEST PROCEDURE

The motor was subjected to accelerated aging of the stator insulatfon and
bearing asseably by using the Plug Reverse Cycle Aging Test previously dis-
cussed, FEach time the motor's rotational direction changed, it allowed an
fn~rush of starting current on the order of 100 amps {nto the stator winding.
The c-cling also imparted a mechanical load on the bearings and motor stator
assempvly., The starting current remained for adout one third of a second
inducing resistance heating in the coil insulating system, Thus, the winding
temperature was maintained at a constant temperature by heating the insulation
At a constant reverse cycle frequency. This method of accelerated aging was
preferred over the conventional oven method since both insulation and bdearing
assemblies could be aged while the motor wvas in an operating mode.

The motor was aged bdy automatically reversing the voltage across the
leads with a General Electric Programmable Plug Reverse Cycle Panel., The
panel was programmed to reverse the voltage every three seconds for five hours
(to ralise the motor temperature and to simulate accelerated mechanical
stresses in the end turns), followed by a half hour of continuous operation
during which the motor ran in one direction to permit cooling by the fan, For
the last half hour of the six hour ecycle, 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, {t was necessary to extend
the shutdown period until the testing was completed,

The motor winding temperatures were continuously recorded. They were
maintained at constant values for a fixed period of testing bdy initially
selecting a fixed cycling time and then adjusting motor cooling air flow, As
a result, these Indicators were not used to assess the Insulation dieleetric
condition with the reverse cycle aging, The two bearing temperatures, were
also continuously monitored,

Test data which were not continuously recorded were obtaine: from the
motor approximately two times each week, Because the testing was begun at
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 iInsulation resistance and
dissipation factor readings were corrected for temperature,

3.1 Motor Functional Indicator Tests

The following section describes the sequence of motor tests performed for
obtaining the motor functional (ndicators during each of the data collection
periods,

3¢lsl Testing During Reverse Cycling Operation

(1) Motor Rumning Current Tests: Motor running current for each of the
three phases was recorded on a Brush recorder for approximately three plug
reverse .ycles, The speed of the recorder was sufficient to distinguish the
variation in current over |/60 second,
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3,142 Testing During Continuous Running Operation

(1) Winding End Turn Movement Tests: A plot of RMS acceleration vs,
frequency (0 to 5,000 Hz) and the area under this curve was obtained from the
acceleroneters on each of the two motor end turns., The signals were processed
by a GenRad signal process analyzer.

(2) Bearing Noise and Vibration Tests: The velocity and displacesent of
4 point on the motor case above the bearings were weasured and recorded using
the IRD Mechanalysis Portable Unit, The peak values were noted for trending
the data.

3.1.3 Testing During Shutdown Period

(1) De Winding Resistance Tests: The wmotor winding phase-to=-phase
(lead=to-lead) resistance for each of the three leads was measured with the
Wheatstone Bridge. A spray-on electrical contact cleaner was used before the
leads from the wotor and instrument were connected to assure that the test
connection had not ilmpact on the readings.

(2) De Dielectric Resistance Test: The insulation resistance was mea-
sured with a voltage potential of 250, 500 and 1,000 volts from a motor lead
to ground, The first test was conducted at 250 volts. The resistance reading
was recorded, then the motor was grounded for one minute to drzin the charge.
This procedure was repeated for 500 volts and again for 1,000 volts, The tem-
perature corrected readings were then plotted.

(3) Ac/De Leakage Tests: The ac leakage current to ground was measured
at voltage potentials ranging from 150 to 1,000 wvolts. The instrument
connections were nade (n the same way as for the dc resistance measurement,
The de leakage current test was initially performed at voltages ranging from
150 volts to 1500 velts. The resulting curreats wvere extremely small and
difficult to neasure. This test was, therefore, not continued regularly
throughout the test program.

(4) Polarization Index Tests: The insulation resistance at 500 volts
was measured at one winute intervals over 1]l ainutes, The instrument leads
were connected to the motor the same way as for the dec insulation resistance
measuresent, The data were used to calculate the polarization index (Pl).
This test was always taken after the ac leakage was measured to eliminate the
measureaent uncertainties from residual charge frow the previous dc test,

(%) Ac Dissipation Factor/Capacitance Tests: The dissipation fector and
capacitance vere measured at 250 to 1,000 wvolts ac im four steps, One
instrument lead was connected to a motor lead and the other ifastrument lead
vas connected to the ground terminal on the motor. The readings were
corrected to 20°C using a correction curve froa Reference 7,
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(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 combination of two phases beiny compared., The instrument conmpares Phase
3 with Phase 1, Phase 3 with Phase 2, and Phase | with Phase 2. The curve on
the video display of the instrument can be considered as two superimposed
traces; one for each of the phases being compared., When an anosaly in the
motor coll exists (e.g., & turn~to-turn or tura-to-ground short), the two
traces shown on the lastrument are displaced from each other, If no anomaly
exists, the two traces will be perfectly matched and will appear as one curve.

(7) Ac Partial Discharge Tests. The last test performed on the motoer
before resuming the reversing operation was the partial discharge test, The
inception voltage for partial discharge was deterained by raising the ac volt~
age (using the power supply for the capacitance and dissipation test set)
slowly frow zero to approsimately 1,100 volts while plotting the amount of
partial discharge (in pico Coulombs) with the applied voltage, The i{aception
voltage is a point where a sudden change ia slope occurz, An extinction volt~
age was determined by slowly reducing the voltage. By repeating this test, it
was found that the inception voltage would change. Later in the program, the
inception and extinction voltages were measured several times to observe how
much movement in the voltages was occurriag.

(8) Bearing Grease Analysis: The bearings were greased with Keystone
Pennwalt Zeniplex R-2 grease periodically while the motor was running, Sam-
ples of grease were removed froa both bearings at 823, 3,17 and 3.79 million
reversals and were sent to Keystone Pennwalt for analysis of the chemistry and
the detersination of the dropping point.

3.2 Test Procedure Changes and Abnormalities

The motor test program was started on February 13, 1986 and continued to
run for over seven months; ending on September 22, 1986, During the (nitial
phase of the test, considerable efforts were made to learn how to use the test
equipment for obtaining various test parameters, Therefore, the trending test
data presented later in the report wight have some outliers or large uncer-
tainties in the first few test results, It was origically anticipated that
the aotor cowponents would indicate sowe degradations after 1-2 million
reverse cycles, However, motor failure 4id not occur wuntil 3.79 wmillion
reversals, The following discussions descridbe the sequence of events which
occurred in the entire test duration,

On the weekend of April 26, 1986 at about 1,34 million reverse cycles, a
spring in the GI prograamadle controller panel contactor failed. The spring
was replaced and the test continued, At the end of June, 1986 & review of the
trends of all test paraveters Jevealed no particular sign of insulation deter-
foration with the exceptions of an increase (n insulation dielectric pr-rer-
ties due to the curing process and a slight decrease in the partial di- rge
inception voltages. The bdearing vidration indicators scarteu showi: srge
excursions of velocity and displacesent values., It was thenm decided © . the
aging temperature of the winding insulation should be increased from 160°C to
accelerate the aging process.
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At 2,42 million reverse cycles on July 2, 1986, the winding temperature
was increased to .75°C by placing tape over the motor inlet vents to reduce
the cooling efficlency of the fan, The test was continued to July 28, 1986,
at which time 3,01 million reverse cycles had bdeen 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 sane
period, To further acceleiate the rate of insulation aging, additiomal inlet
vents were taped to raise the temperature to 190°C,

During the first week of August, 1986, the pulley end accelerwmeter for
measuring the eand turn movements was found to be burned out (showed an open
clrcuit) as a result of exposure Lo a higher winding temperature than its
rated value, The test was stopped for couple of weeks and a set of new
Endevco accelerometers capable of operating at tewperatures up to 260°C were
ordered, These were installed on August 22, 1986 at 3,33 amillion reverse
cycles and the test contlinued,

The data obtained at this point Indicated that the aging process was
still progressing at an extremely slow rate, 1In order to obtain a more defin-
{tive 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
avold a rapid faflure of the insulation freow burn-out rather than from aging.

On Septeader 5, at 3.6 million reversals, the motor was shut down for
statlc testing., Before resuming reversing, additional tape was placed over
the inlet vents to partially block the cooling air and raise the msaxisum team~
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
resune the reversing after being down for testing, lmmediately after start~
ing, a nolsy bearing was detected on the pulley end and the motor was shut
down. When the rotor was removed froa the stator to inspect the bearing, it
v 3 found that the pulley end bearing was frozen. A replacement bdearing was
available in an identical backup motor; however, it was feared that the pro=
cess of removing the bearing from the shaft of the rotor in the backup motor
would danmage the bearing, It was therefore decided to substitute the rotor
(with its bdbearings) from the backup woter %o that the reversing of the test
sotor could resume. Since the rotor was not considered a dominant fallure
aechanisa, this change vould not affect the test results,

Before reasseubling the test aotor, the concept of employlag molsture to
accelerate the aging of the insulation was explored. Water was sprayed on one
end and the stator windings were meguered at 250 volts, The insulation resis~
tance lamedistely dropped from 2,35 x 1087 ohms to less than 28,050 ohms.
This test was cepeated on the stator end turn of the dackup motor with the
sage results, From this test, it was concluded that using wolstuyre for
accelerating the aging or diagnnsing the condition of the moter insulation was
not feasidle because the wotor would nmot start in this coadition.
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To return the motor insulation to a condition in which the motor could be
run without sudden fallure, the stator was dried in an oven at 120°C for 3
hourss At the end of the drying perfod the insulation resistance was tested
and found to be 7 x 10'! ohms. This was high enough to begin cyeling of the
motor,

On September |8 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 dc leakage cur-
rent tests, the surge test revealed a stator fallure, Oscilloscope traces of
the fallure area are discussed in Section S, On September 22 the rotor was
removed from the motor and the fallure location was {dentified in the stator
using the surge tester, With the tester, a small arc through the slot wedge
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 fatled, the stator was sectioned at the failure locatlion
to exanine the slot {nsulation in the vicinity of the failure, The post~ mor-
tem examination results are presented in Section 5.
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4 TEST RESULTS

The 10 HP test motor ran for over seven months and was subjected to
1,789,050 reverse cycles, The six temperature recordings shown in Figure 4.l
indicate typlcal 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 fan 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-
tures for the same period were within the band of 160°C to 165°C. The oppo-
site end winding temperatures varied from 140°C to 155°C, These conditions
correspond to the initlal test period with a three second plug reverse cycle
and no obstructions in the cooling air flow from the fan end of the motor,

The stator winding temperatures were periodically fncreased and maintain-
ed constant for the following reverse cycle ranges:

Reversals Test Time Winding Temperature
(millions) (10° see) (*c)

N=2.42 7.26 160
2.,42-3,01 1.77 175
3.01=%.6 1477 190
3.61-3.79 0.%7 195200

After two million reverse cycles the bearing temperatures began to in-
crease, Prior to the bearing failures, the temperatures for the PE and OPE
were |15°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 effect {8 expected since dearing fallure is usually
preceded by Increased friction {n the hearing assesbly, vhich results in high-
er operating temperatures, However, the effects of increasing winding temper-
ature by reducing cooling air flow must also be considered wvhen evaluating
hearing temperatures, The degree to which bdearing temperature Increase was
caused oy reduced alr flow was not determined. Bearing fallure is further
discussed in the post-mortem section,

To estimate the age of the motor at the time of fallure, thermal aging
was assumed to be solely responsidle for the insulation degradation, The "ten
degree centigrade rule” (in which the accelerated age of the insulation is
twice the test time for every |0 degrees centigrade difference be'ween the
test and normal operating temperatures) 1s used to calculate the cquivalent
time, Based on a normal operating temperature of 120°C for a Class B 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 nevw ilnsula~
tion using the VPl treatment, and new bearings before the test started and wvas
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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 aotor only, Parameter
measurements are, therefore, influenced by the characteristics of this motor's
component materials and design, Similar testing on other motors could produce
different paraseter values, The focus of this study, hovever, is on the
trending patterns of these parameters and not their magnitude. The final
failure =mode(s) of a wmotor component is expected to be preceded by the same
trend in parameter values provided the wmotor design or materials of con-
struction rewains the same. The age-related degradations leading to failure
modes inherent to electric motors can then be wonitored using the same
functional indicators investigated herein., The conclusions drawn frow this
study are, therefore, applicadle to other motor designs,

41 Dielectric Insulation Resistance
411 Polarization Index (PI)

The insulation resistance of a dry motor winding in good condition will
increase under a constant test voltage potential until a fairly steady value
is reached; typically in 10 to 15 wminutes, If the winding is wet or dirty,
the steady value will be reached in | or 2 minutes after the test potential is
applied, The polarization index is the ratio of the 10-msinute resistance
value to the l=-minute resistance value., Thus, this parameter is userul in
appraising windings fo. dryness and for fitness for overpotential tests,

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 wonitor aging
degradation, Results are shown plotted with reversals in Figure 4,2, The
scatcer in the results is from reverasl sources, The scatter which occurred
during the first few thousand reversals is believed to be due to changes that
were continually bdeing made in the measuring techaiques to lmprove reproduci=-
bility, Subsequent scatter {s believed to be due to inaccuracies inherent to
the instrusentation and equipment used to perfors the tests, As shown in
Flgure 4.2, no definitive trend in polarization index was observed during the
test period,

IEEE Standard 43 ¥, ilentifies the minimum Pl for Class 8 or F alectri.
aotors to be 2,0 and specifies that it should be independent at winding tea~
peratures. As shown in Figure 4,2, the Pl for the test motor was found to
fluctuate between 2 and ) throughout the test, This value is very close to
the [EEE specified winimun and normally would indicate some degree of contami-
nation, The "est amotor insulation system, how ver, was refurbished i{nmediate-~
ly prior to testing, As previously sentioned, & relatively new vacuus fapreg=
nated epoxy type insulation was used, 1In addition, the tests wvere performed
in & controlled laboratory environaent where conteminstion by dirt and/or
molsture is minimal, It is therefore believed that low values of polarization
index are characteristic of clean, dry vecuus impregaated epoxy iasulation
systems, This indicates that the IEEE srandard way need to be reviewed and
updated to properly sddress current improvements in insulating materials.
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Flgure 4,2 ~ Polarization index at 500 volts de.

The temperature dependency of the test motor polarization index was also
exanined, Figure 4.) shows Pl plotted against winding tesperature. It should
be noted that Pl tests were performed during the motor shutdown perica after
the windings had time to cool down from operating temperature. As shown, the
results indicate a very slight increase in Pl with temperature, This may de
characteristic of the insulation system used, however, ths scatter obtained in
the data is felt to be too large to drav any firm conclusions regarding tem~
perature dependency.

4.1.2 De Insulation Resistance

The de insulation resistance test measures the electrical resistance of
the phase-to-ground insulation in a sotor winding at varfous test voltages.
It is typleally used in industry to verify insulation dryness prior to start-
ing electric motors. A megger is used to perform this test,

The de insulation resistance test was performed at three test voltage
levels for this study: 250, 509, and 1,000 volts, '? negger used in the
test program had a resistance measuresent range of | to 107 ohms in 8
ranges, The typical megger units used in plant saintenance prograss have a
compressed scale in the range above 100,000 msegohms, Resistance values above
100,000 megohms are read as infinity, The megger used in this test program
vas selected to read the resistance value accurately in order to tread the
parameter with the reverse cycles,
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The increase in resistance shown in Fiy're 4.4 as the insulation systen
is aged is believed to be due to the continuous polymerization of the epoxy in
the insulation system ducving the aging. This phenomenon has been observed in
other studies = 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 i{n the dc current through the material.

The materials in the stator insulation include glass, polyester, dacron
and epoxy. The epoxy is used in two places in the wotor; the end turns, which
vere vacuum pressure impregnated with an epoxy resin, and the slot wedge which
is a 030 inch thick glass reinforced epoxy molded wedge. An increase in dc
resistance with aging does not occur in glass, The effect of aging on the
electrical properties of dacron and polyester could not be found from a pre-
liminary review of the literature.

The epoxy in the slot wedge is thought to be responsible for the trends
observed in the dc¢ insulation resistance, since the eclectrical path from a
conductor through the wedge to ground is the shortest path, The path through
the epoxy in the end turns to the ground w»ll of the stator is considerably
longer because the slot tubes extend 1/4 i{icn beyond the edge of the alots.

It is interesting to note tha atter in the dc resistance increased
signiiicantly during the last 500, eversals, as shown in Figures 4.4 and
4+5, The cause of this trend is n 11 understood. It might have been an

indication of epoxy breakdown or wed.. weakening which eventually occurred to
fail the motor,

4,2 Surge Iestig&

Surge testing is a comparison test betweer two coils or phases. A test
voltage is applied to the two phases to he compared., The superimposed voltage
oscillations shown on a cathode ray oscilloscope determine the condition of
the phase pair depending on the degree t» which they match, 1If the wave pat-
terns diverge, then 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
condition,

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
test uses a step wavefront high voltage pulse, the application of this test is
linited to small low voltage motors that have less copper (large amount of
copper will dissipate voltage signals and affect test results). This cest can
be performed at the motor control center as long as surge arresters or capaci-
tors on the line are properly disconnected.



The surge testing performed for this study compared the following phase
combinations; phase | vs phase 2, phase 2 vs phase 3, and phase | vs phase 3.
Test results showed 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 | vs phase 3. Photographs
were not taken of the oscilloscope patterns for each of the surge tests per-
formed.,

4.3 Dissipation Factor/Capacitance

Changes in the dissipation factor of an {insulation {indicate that the
insulation has developed cracks and voids which sllow a path for current leak-
age, contamination, and {onization, Similarly, changes {in the capacitance
indicate {insulation degradation due to thinning and presence ot molsture,
layer short-circuits or open circuits in the capaclitance network by the foni-
zation process. These parameters are, therefore, useful {n assessing {nsula-
tion condition.

If the insulation condition 1s bad enough to cauere severe fonization
within voids and cracks, both dissipation factor and capacitance will indicate
some {ncrease. The voltage level at which this fonization becomes signifi-
cantly high {s known as "tip-up” voltage. This {s a widely used maintenance
test to evaluate the extent of i{nsulation deterioration caused by fonization,
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 {s attributed to
changes in measurement techniques, as {n the measurement of the polarization
index, In general, the dissipation factor remained low during the test indi-
cating a dry, dense (nsulation 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 1is consistent with the findings of the dc resistance
test discussed earlier, All three tests {indicated that the i(nsulation was
still in a curing process, during which {ts Insulating properties were
fmproving.

444 Ac Partial Disclharge

As an insulating system degrades and develops cracks and voids, foniza-
tiou (corona) discharge occurs due to the presence of air or contaminants
{nside these defects. The degree of {onization 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 volds, these discharges occur at a threshold
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voltage known as the inception voltage. The partial discharge test '“ deter-
mines this inception voltage level at which the electrical discharges become
significant,

The high frequency, relatively small discharges inherent to partial dis-
charge testing are difficult to measure, especially at a low voltage level.
Therefore, this test is typlcally reserved for high voltage machines of 6000 V
or higher., For smaller motors, as Iin 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 inftiated in a crack, {t can be maintained with a
voltage lower than the minimum voltage required to produce a discharge initi-
ally (25% lower in some cases). This 18 due to the residual surface charge
left from the previous discharge. This minimum voltage is known as extinction
voltage.,

Both the {inception aid 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 monitoring the imsulation 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 wolts prior ta faflure. [f the mode of {insulation
degradation is related to the {onization within voids, this particular para-
meter indicates the early Inception of discharges with an increase in dis-
charge activity as the cracks and volds develop with age. It {s believed that
this was happening on the subject motor, as is suggested from the test results
shown in Figure 4,9,

4.5 Ac/Dc Leakag: Currents

Ac leakage current measurements were done with the ac/de 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 fluctuatod between 1,53 and 1.18
milliamps. No specific trend was observed throughout the test duration,

A dc leakage current test {s an alternate to the dc 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 1,03
milliamps., The extremely small currents obtained were very difficult to mea-
sure accurately. This test was, therefore, performed {rregularly after the
inftial few measurements were taken.

4.6 De Hind{g.ﬁlotl.tanco

Each of the three phase windings were tested for thelir dec winding resis-
tance values throughout the test program. The results are plotted against
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the reverse cycles in Figure 4.10. With the exception of one outlier in the
beginning 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, and
s presented in Figure 4,11, Each data point {s the area under the curve
generated from a spectral analysis on the end turn movement, as shown {n
Figure 4,12,

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) 1s given,

The end turn movement was difficult to measure reliably because of the
contribution of bearing noise and vibration to the measurement, and because of
the difficulty in maintaining a secure mounting for the accelerometers. Seve-
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 {s expected from an epoxy vacuum {mpregnated stator where the
epoxy gets stronger by age, as reflected in the higher dec 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 soften at higher temperatures,
more movement would have been expected, A turn-to=turn fallure in the end
turn due to conductor movement would also be more likely to occur.

4.8 Bearing Noise and Vibration

The bearing vibration velocity and displacement are shown in Flgures 4,13
and 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 1 scatter
of the points. Bearing nolse also became detectable at this point and more
frequent greasing was performed for the remainder of the test to he'p quiet
the bearings.

Bearing nolse continued to increase despite the more frequent greasing.
At approximately 3,76 million reversals, the nolse was excessive and the motor
was shut down for inspection. The bearing noise was the determining factor
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Figure 4.11 = End turn RMS acceleration for the pulley end
and opposite pulley end.
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for indicating the deteriorated condition of the bearing. Prior to motor
shutdown, 1t could not be determined which bearing had falled or the extent of
the bearing damage. Referring to Figures 4,13 and 4.14, the bearing velocity
and displacement measurements showed {ncreased vibratfon for both of the
bearings after approximately 2 million reversals. This {indlcated 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
applied to remove the PE bearing, it broke into pleces. It was evident from
{nspection of the bearings that both were severely degraded and were consider~
ed to be fatled, This is consistent with the results of the bearing velocity
and displacement plots which indicated degradation of both bearings.

4.9 learlq;:crcnoc Analysis

Samples of grease were taken from the bdearings after 0,82 million, 3,17
millton and 3..9 million raversals (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 fatling, the grease samples contained mostly fresh
grease and very little aged grease. ‘the results of the grease analysis are,
therefore, not a true representation of the results which might be ohtained
from an actual motor in a plant environment., Where aged grease was available,
however, the spectrochemical analyses did show the presence of wear metals
(fron and nickel) which were not present {n the unaged grease.

No Load funn "3 Cutrent 8 Amp
No Load Starting Current. 80-100 Amp

100 A

} " 1 Seccads 1
(180 Cyles & 80 Ma)

Figure 4,15 = Current signatures for phases 2 and 3 terminals,



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 {tems were
recorded on a brush recorder fast enough to distinguish the variation in
current over |/60 second,

Both starting current and no load current {ndicated no change ({n
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 EXAMINATION 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
falled at 3,76 million reverse cycles. An increase in bearing noise was prom=-
{nent enough to be heard after approximately 2 million reverse cycles, The
bearing faillure was indicated by excessive bearing noise which prompted the
operator to stap the test and examine the condition of the bearing. The pul-
ley end bearing came apart during disassembly from the shaft, as shown {n
Figure S5.1. The opposite pulley end bearing was also removed and i{s saown 1in
Figure 5.2, After removal from the shaft, the failed 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
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
(bearing came apart during disassembly).



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,
the motor passed the dc 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 failure site was where the conductors in the wind-
{ng arced through the wedge to the stator fron. On examination, a pinhole was
noted in a wedge, as indicated in ¥Figure Sebo

Based on the above test results, it is believed that the stator degraded

ailed wedge location., It is possible that weakened wedge on the Phase

»

at t
2 winding at this location existed while performing Lthe pre-surge test megger-
2 Therefore, this initial megger test did not Indicate the ground short.
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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 (gee
Figure 2.1, item 3). The point f wedge fallure {s {llustrated in Figure 2.1
and 1is marked as {tem 5, After removing the surge voltage, the wedge still
stood eegering at 250 V which indicated good coil insulation resistance

{.e., greater than 2 megohms), but the insulation failed at the higher test

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

Figure 5.2 = pposite pulley end bearing after being removed after test.
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Figure 5.4 - Time exposure of the stator while being tested
with a4 surge tester.
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i@ stator was sectioned at the failure location to examine the slot
insulation and wedges in the vicinity of the fallure. Figures 5.5(a) and (b)

|

show the sectioned stator. Further examination of the falled area revealed
that the wedge damage was local. Figures S5.6(a) and (b) show a comparison
between the damaged and undamaged colls, Examination of the falled 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

The Plug Reverse Life Test 6 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 {s 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 mechanical 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 {s recommended 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 frows
one test of this kind and caution should be taken in deriving conclusions on
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 {nsulating
materials and bearing types.

6.1 Dielectric Insulation Resistance Tests

[he dielectric insulation resistance tests include dc 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-
cate the presence of {nsulation contaminants, specifically molsture, 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 {s very high conpared with typical levels of
insulation resistance coamonly used as indlcators of performance in industry
and 1EEE Standard 43, The observed trend i{s 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 wpaterial, It would not {rdicate the presence of cracks, volds, or
other degradations., Results of the Pl 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 {s at the lower limit prescribed in IEEL Standard 43, This reflects a
rapid charging, believed to be characteristic of dry non-contaminated epoxy
resins,



As {nsulation aging proceeds, the naterial will become dry and ha:der.
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 dc resistance could be an effective parameter for monitoring the age of
the insulation by trending insulation resistance measurements, However,
charging curreant effects on currently available wmeggers 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 recoamended at this time.

Consideradble time was expended during the test in obtaining reproducible
data at levels above 1000 megohms because of charging curreat problens,
laproved megger equipment, which could eliminate charging curreit problems and
other interferences, would reduce the time of testing and improve accuracy in
determining insulation resistance during wmotor life, Compensation due to
temperature of the motor, {f any, wust 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 us2s voltage signals for comparing
phases in a motor ov cofls f¢ 4 disassembled motor, The surge test can be
best used on random wound motors, like the 10 hp test motor, which are rdted
for lower voltages and have less copper. The test will detect connection
problews and imbalance between phases.

Surge testing is limited by the breakdown voltags of the {nsulation 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, whicl. occurred at a
wedge, was then detected by the surge test after the winding had passed a
megger test, Thie demonstrates the additional predictive accuracy obtained by
perforuing surge testing in addition to simple meggering.

Although this test has limitations for large motor 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 equipuwent for
storing wave forms will enhance the use of the surge tester in nmaintenance
programs.

6.3 Ac Dissipation Factor and Capacitance Tests

The dissipation factor and capacitance tests show the effects of voids,
cracks and thinning of insulation, Both of these tests are recommended for
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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
an 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. However, 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
discharges at the degraded wedge caused the motor to fail, The partial dis-
charge inception voltage trend was found to support this final faillure diag-
nosis. Therefore, this test {s considered to be a good test for monitoring
insulation condition.

This is a difficult test to perform oun low voltage wotors because of
noise levels and the sensitivity of the test equipment, To get adequate
results, a plotter had to be used to amplify the output of the tester. To use
this test as part of a maintenaice program on small low voltage motors, wore
sensitive equipment is neeled which includes better means of detecting partial
discharge (corona) inception voltage. The plotter approach used in the 10 hp
test progranm appears to be a good way to record the discharges and deternine
the inception voltages.

6.5 Ac/Dc Leakage Current Test

These tests showed little change in leakage current over the life of the
motors This s prinarily 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 bueakdown voltage., These tests are not recommended for regu~
lar maintenance of electric motors.

De leakage current test is a high voltage dc test similar to the insula-
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 material is severely degraded with holes, cracks
v contaminants, In this test program, this functional indicator remained
ssall throughout the test period and did not indicate any sign of insulation
degradation, Since this test involves high potential level, this should be
performed by increasing the test potential in steps and in no case should
exceed “he insulation breakdown voltage.



6.6 Dc Winding Resfstance 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,
iittle or no change was detected in winding resistance as the motor aged.
Trending of this parameter {s, therefore, not felt to be an effective means of
monitoring aging degradation.

6.7 MWinding End Turns Movement

This 1s a good parameter to monitor for maintenance programs {f 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 vacuum
{mpregnated end turns did not move or soften at high temperatures. At the end
of the test {te structure =as still rigid, which is typlcal of aged epoxy
structures, If the Insulation treatment involved polyester or silicoas, which
soften at high temperatures, movement probably would have been recorded and
could have led to a turn failure.

f.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 fallures are pre-
ceded by increased nolse and vibration. Bearing noise is a primary indication
of bearing degradation; however, (t does not provide sufficlent intormation
for estaolishing the degree of bearing damage. Vibration monitoring including
bearing velocity and displacement is useful for this purpose. Trending of
this parameter {s possible and {s recommended for monitoring bearing degrada-
tion,.

6.9 Bearing Grease

Analysis of aged grease from the motor showed the presence of wear metals
(irons and nickel), which are not present in fresh grease. This suggests that
the grease analyses could be used to trend wear metal concentrations, After
establishing a normal wear metal deposition rate, corresponding to normal
bearing wear, abrupt changes {n the deposition rate could indicate inciplent
bearing fallure., MHowever, this was not demonstrated in this test program.
This test analysis of grease samples should be considered in the maintenance
programs,

6.10 No lLoad Motor Running Current

Motor running current plots are useful for a wmaintenance program to
detect changes in the magnetic circults in the motor and changes In the wind-
ing due to broken or shorted wires and charges in the connection. In order to
obtaln conslstent results, the input veoltage must be controlled at a constant
level, 728 evidenced from the results of this study, running current provides
1ittle {nformation for monitoring aging degradation.
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APPENDLX A

Small Motor Test Equipment
for Monitoring Motor Integrities
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A.3 Ac PnrtiiL nisrha[&irTest Set

The inception and extinction voltages for partial discharge were neasured
with Biddle Model 661072 Partial Discharge System, The system required a pri-
mary voltage of 120V ac, at A0 hz and S5 amps maximum with J-wire grounding.
The system included a model 17000 partial discharge detector, digital kilo=-
voltmeter panel assembly, partial discharge digital evaluation unit, phase~
sensitive noise hlanker, ground cable assembly, power separation filter and a
calibration signal coupler. This system required an elecirical noise fliter
which was provided by Wendell Starr. The arrangement of the test set up for
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 Lest sel was used, For output from the partial discharge tester,
the Hewlett Packard 70158 XY recorder shown in Figure A.4 was used. Figure
A5 (a) and (b) show the Biddle parts of the partlal leakage tester.

Flgure A2 - Biddle Model 670025 Capaclitance and Desipation
Factor Test Set,
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Surpge testing of the stator windings was performed with a Baker Model

ST106 Winding Dielectric Tester as shown in Filgure A.b6, This tester has the
capabilities of both surge testing and dec hipot testing with a maximum test
voltage of 5000 velts. The built-in oscilloscope on the unit displays the
voltage wave iortms for the two yils or phases being compared for winding
lefects, [f the wave patterns diverge, then the two phases are not i{dentical
and a fault exists in one or both of Lhe phases. [f the fault 1s intermit~
tent, then the wave patterns on the CRT will flicker and change.

The test was performed much like a step voltage test with a de hipot.
(he applied voltage was raised slowly while the wave patterns on the CRT were
hserved for any sign of a change or fault., [f the wa ¢ patterns remained
stable up ¢ 1hout ¢ volts [1.e.(2x460+1000)1:6), then the winding exhi-
bited sufficlient turn=to-turn and phase-to-phase dielectric strength to remain
| service, If the wave patterns became instable below this ;"'.""., then soms«
weakness was expected In the turn-to=-turn, coil-to-coil, or hase~to-phass
insulati .
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The ac/dc leakage current tests were conducted with the Hipotronics Model
H3I038 ac/de Hipot Tester as shown in Figure A.7. Since ac hipot test can be
jestructive at a high test voltage level, this test was performed less fre-

quently than other tests,

A.h D¢ ‘\ii nd(n_ﬁkvﬂs[un\

. @

The resistance of the motor windings was measured with a Blddle Model
72=-430 Wheatstone Bridge as shown In Figure A8, This i{nstrument has a range
f 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 (s the way 1t was used for this work) are + (0.05% of reading

* a yhms ).

A Motor Running Current

The average motor running current during ecveling was measured with a dig-
{tal lamp=on ammeter. A continuous recording of the motor running current
furing cvcling was obtained over several cycles using a high speed recorder

nanufactured by Brush Instruments Company and i{s shown in Fligure A.,9

Figure A.7 - Hipotronics Model #3038 Ac/De Hipot Tester,












APPENDIX B

Analysis of Zeniplex R-2 GCrease Used in the Test Motor Bearings



TECHNICAL KEYSTONE

SERVICE D FENNWALT

CHEMICALS @ EQUIPMENT

REPORT MEALTH PRODUCTS

DIST AND UPPINCOTT STREETY. PR ADELAWA. M 100 US A

OATE _N'Junuary 12, 1987

- NAME & TITLE Mr, Alfred Suqorgfﬁ_

COMPANY Nutech

145 Martinvale Lane

STREET ADORESS

ciry S e oy, StliCernis  aoone 8000

Analysis of USed Zeniplex-2 Lubricating Grease

Tvo samples of lubricating grease were analyzed, The greases wvere labeled
OPE & PE. Spectrochemical analysis of both samples reveals lower values
for elements representative of Zeniplex grease (i.e. aluminua, phosphorus,

2INC & barium)., Ferrous wear and airborne abrasive contamination were also
present in moderate to high amounts, Dropping point values show thea to
be typical for normal Zeniplex, All elements are in parts per million,
Nutech Nutech feniplex-2
OPE e Typical
Aluminum;: (Thickener) 640 2020 2500
Phosphorus:(Additive) 190 370 1000
2inc (Additive) 150 950 750
Barium: (Additive) 50 180 750
fron: (Wear Metal) 110 250 nil
Silicon:(Alrdbgrne Contamination) S0 %0 nil
propping Pt r: (ASTM D-2265) 470 LR | 440-480

:
PR RS

Percy R, Kanga

Chemist, Product Development

PR/ mp
TSR #5145

(-1 X 2. Arbocus



TECHNICAL KEVSTONE
SERVICE s D= [FENNWALT :
REPORT AT PRt

ALTH PR 18

18T AND LIPPINCOTY STREETS. PriLADELPWIA PA 2132 VS A

DATE April 16, 1384
For NAME & T/TLE Mr. Alfred Sugarman
COMPANY Nutech
STREET ADDRESS 145 Martinvale lLane - RS NERESE.
CITY San Jose swe.___Callfornia . 21P COOE 95119

\ P .
Aralysis of Used Zeniplex -2 Grease

Three samples of lubricating grease (one unused and two taken from & bearing on the
pulley end of a motor), were analyzed, The greases were labeled Unused, Inboard Side
Pulley Bnd, and Grease Housing Pullev Bnd,

Spectrographic analysis on all three products shows varying results, The unused sample
as expected, indicates all the additive and thickener levels to be at or above the
typical concentrations, The Inhoard sample shows the virtual absence of all the atove~
mentioned elaments while the Pulley sample shows most of these elaments to be present
but at levels far below normal, The Pulley saple also exhibits abnormal levels of iron
and nickel wear, A check of the dropping points of these greases (an approximate
measure of their thermal stability) indicates all three saples to show aluminum carplex
grease type results, It is also possible that the absence of elements normally found in

Zeniplex (as seen in the indoard sawple) may also mean that this grease may not be
leniplex,

ENIPLEX IENTPLEX IENTPLEX CENTPLEX
Mutech-Unused  Nutech-Inboard Nutech-Pulley  Typical
Aluninum (Thickener 2200 €0 X 2500
Phosphorus (additive 2000 0 300 1000
iine (additive) 1700 40 200 750
Barium (additive) %00 0 0 750
Iron (wear metal) -_— 40 850 nil
Nickel (wear metal) -— 0 290 nil
Dropping Pt., P, AS™ D-2265 475 461 492 440-480
# Ka -
C \ &9
~ Y K Kamya
hamist Prod t Devel &n.ri
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