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EXECUTIVE SUMMARY

In order to be useful in assisting decisions of replacement of electric motors in industry,
efficiency instrumentation is required that must be of “acceptable” accuracy and non-intrusive
operation. This study has examined the state-of-the-art in instruments to meet these requirements.

Initially six instruments were considered as being viable contenders for this study but, before
tests began, two were withdrawn because of technical problems and another required an
unacceptable intrusion and declined to participate. The remaining three instruments were provided
on loan for testing by Weyerhaeuser (an *“in-house” evaluation tool), PAMA and Baker (both
commercially available instruments). These three instruments were tested in a controlled
laboratory environment and compared to a dynamometer system to assess their accuracy. Tests
were conducted to determine if they operated acceptably when connected to motors rated at 50hp,
100hp and 200hp,

Q) over a range of loads: 25%, 50%, 75%, 100%, 110% and 120% when supplied from
balanced, rated voltages

(i) for a range of balanced voltage levels; 90%, 95%, 100%, 105% and 110%, when
meeting a 75% load requirement.

(iii)  for 100% rated voltage with 1.25% and 2.5% voltage unbalance, when meeting a 75%
load requirement.

Following the laboratory accuracy assessment, the three instruments were taken to a
containerboard mill for field tests of non-intrusive operation. Four motors were examined in these
field tests operating at whatever conditions of supply and load were occurring at the time of
connection. Detailed test results for laboratory and field tests are given in this report together with
comments on the usability and non-intrusiveness.

It is concluded that the instruments are dependent on the initial data that they require to a
significant degree, in order to derive realistic estimates of motor input power and hence efficiency.
The instruments are not particularly sensitive to under/over voltage and voltage unbalance. For all
the instruments, the accuracy is worse at low load levels. Based on accuracy, lack of intrusion,
ease of use, additional functions and acquisition cost, it is recommended at this time that the
Explorer from Baker Instruments is the best overall choice. However, both the Baker Explorer and
the PAMA MCE Max perform many other functions for motor maintenance diagnostics. These
functions were not tested during this project.
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1 INTRODUCTION

The need for good operational efficiencies of electrical machines is well documented from both
environmental and economic perspectives. The environmental viewpoint addresses a wiser use of
resources and reduced pollution. The economical justification is equally strong, based on the
acknowledgement that during its lifetime the “fuel cost” of a motor far exceeds its capital cost. In
consequence, the national Energy Policy Act of 1992 [1] set in motion the process that resulted in
specified efficiency improvements for induction motors in National Electric Motor Association
(NEMA) standards [2]. This was an important move from the aspect of the manufacture of more
energy efficient motors. However, the intended benefits are not assured unless it can be shown
that the motors produced to these more stringent standards are appropriately applied in industry
and elsewhere. Hence, in order to obtain the final proof of the value of efficient motors it is
necessary to measure their efficiency when in service.

In its simplest form, motor efficiency can be defined as the ratio of the shaft mechanical output
power to line (electrical) input power. In laboratory situations this ratio can be determined with
high accuracy using appropriate instruments and test procedures given in several international
standards, the most useful of which is probably IEEE Std 112 [3]. IEEE 112 offers for use several
alternative forms; the most widely quoted are 112A (which measures output and input powers
under balanced and stable conditions) and 112B (which makes adjustment for the thermal
conditions of the motor to compensate the 112A results for differences observed in the actual
conditions of the motor and given standard conditions). Hence method 112A gives actual
observed efficiencies whereas 112 B connects these values to a specified condition so that,
theoretically, many motors of the same ratings can be compared. These laboratory techniques
require:

(i) load tests involving measurements of shaft speed and torque at a stabilized temperature,
and additionally for 112 B,
(if) no-load tests (motor mechanically decoupled), and
(iii) stator resistance measurements (motor electrically disconnected).
These three conditions require a level of access to the motor under test which is not generally
acceptable or possible in an industrial environment: i.e. these are termed “intrusive” requirements
or conditions.

In the mid 1990s several studies were undertaken to investigate the available methods of “in-
situ” motor efficiency determination [5,6,7,8]. The methods consisted of a range of approaches:
from statistical methods using simple measurements of speed and current to more sophisticated
power analysis using equivalent circuit models. The instruments evaluated came from overseas
(Germany and New Zealand) as well as North America. Compared to dynamometer
measurements, none were particularly accurate but more significantly, all were intrusive. Motor
electrical parameters were required (i) for no-load operation, and (ii) at normal operational speed
under load. Also stator resistance had to be measured [8]. Instrument companies took up the
challenge by applying time domain analysis of motor currents which was also being used for both
motor maintenance diagnostic [9,10] and *“sensorless” (flux) vector control using pulse-width
modulated (PWM) adjustable speed drives (ASD) [11].

In 1998, the Weyerhaeuser Company released a specification for motors operating in the hostile
environments of its mills. Weyerhaeuser’s document approximates to IEEE Std 841 which
specifies motor requirements for operation in petroleum and chemical industries. In 1999, seven
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major motor manufacturers each provided three Std. 841 motors (rated at 50 hp,100 hp and 200 hp)
for evaluation in the Motor Systems Resource Facility (MSRF) at Oregon State University (OSU).
These tests examined the motor efficiency (as defined in IEEE 112 A) and compliance with the
Weyerhaeuser specification. The results were presented to the IEEE pulp and paper industry
representatives as a set of “league tables” in which the motor manufacturers were identified by a
code letter to establish anonymity [12]. The motor manufacturers themselves received the test
details for their own motors, thus enabling them to recognize their positions in the league tables
whilst retaining the anonymity of the other manufacturers’ positions in the tables. From an
efficiency aspect these test data indicate that the major manufacturers are doing a reasonably good
job at meeting the requirements of references [1] and [2]. This reemphasizes the need to establish
whether the potential benefits of more efficient motors are being realized in practical industrial
applications.

Since the disappointing findings given in references [4,5,6,7,8], several companies claim to have
built instruments that estimate the energy efficiency for in-situ motors with minimum intrusion.
Because such a device would meet a strategic need of the Northwest Energy Efficiency Alliance
(NEEA) [13], it was decided to study these new motor efficiency instruments. The basic
requirements of the instruments are that they

1) measure the voltage and current of a motor and provide readings of power, power factor
and efficiency to an accuracy of 3 percentage points ( as compared to a well calibrated
laboratory dynamometer);

2) obtain measurements in a non-intrusive manner at a starter or motor control panel,

3) do not require measurements at the motor shaft (which may be significantly remote from
the starter/control panel)

4) should be relatively simple to operate i.e. with some official training or a few days
experience, industrial plant personnel should be capable of reliable operation;

5) may have other capabilities — for example motor diagnostics.

2 INSTRUMENT DETAILS AND SELECTION

At the outset of this study it was thought that instruments from as many as six different
manufacturers may be available and suitable for the evaluation. These potential candidates were
= Weyerhaeuser

= PdMa

= Baker

=  [Framatome
= Digital

= Reliance

The interest in non-intrusive efficiency measurements (or more precisely, estimates) is illustrated
by the diversity of these companies: 3 instruments companies (PdMa, Baker, Digital), a major
forest products company (Weyerhaeuser); a major company producing equipment for the nuclear
industry (Framatome); a major manufacturer of industrial electrical equipment — including motors
and drives (Reliance).

2.1  Weyerhaeuser

Having long been aware of the need for energy efficiency estimation for its very large operating
motor inventory, and having witnessed the disadvantages of the instruments in the previous studies
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[4,5,6,7,8], the Weyerhaeuser company decided to develop its own instrument at its corporate
R&D headquarters in Federal Way, WA. This instrument which is shown in Fig 1, is based on a
Power Measurements Ltd. (PML) power meter which provides data for a performance
approximation based on techniques described in [14]. Thus the input power is measured and the
output power is estimated from the magnitude of the measured current and the full-load current as
stated on the nameplate. The output power estimation and efficiency calculation are done off-line
in accordance with [14]. As described in [14] the power output (or loading) estimate is determined
from an algorithm that requires a value for the current at no-load. If this value is not available, as
in our test process, a default value of 30% of the nameplate rated current should be used.
Alternatively, for newer motors, the no-load current can be looked up from the Motor Master Plus
(MM+) documentation. We tried both estimates in our tests.

As tested in this study, the Weyerhaeuser instrument must be considered a pre-production
prototype at best. In its present form it is intended only for use in Weyerhaeuser plants. However,
if there is sufficient interest in the unit, the company has reportedly reached an agreement with a
possible developer with a view to commercialization.

The unit provided for testing was basic, but functional. It uses commercially available current
sensor clamps, model SD634 rating 1000/5A by AEMC (Weyerhaeuser engineers have since told
us they would have used the AEMC 150/5A probes for the 50hp and 100hp motors, but didn’t
make them available for our tests due to a misunderstanding). VVoltage connection was left to the
user in our case: in the MSRF, test clip connections borrowed from a Fluke Multimeter were used.
Further information is given in Appendix 10.1.1

- @ @
WEYERHAEUSER POWER ANALYZER
’. lﬁc

......

-
L]

Fig.1 Weyerhaeuser Instrument

22 PdMA

The unit provided by PdAMA was developed from their original motor problem diagnostic
instrument, the MCE which uses current signature analysis to detect problems such as mechanical
and electrical unbalance, bearing degradation, broken rotor bars, etc. The unit tested in MSRF is
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the MCE Max which contains the additional functions to complement the diagnostics by providing
motor output power and efficiency estimates. The instrument uses a laptop computer (provided
with the unit we tested) which contains the necessary analysis software and provides graphic
display of the test results. Fig 2 shows the unit as tested and Fig 3 shows a typical screen showing
results of an efficiency estimation process.

Fig.2 PdMA Instrument

The MCE Max is a truly portable instrument which operates from a rechargeable battery of the
type used for video cameras. The recharging is done off-line with a separate battery charger. The
voltage connection probes are of good quality and the current clamps are very accurate, battery
powered, units by LEM. Battery powered current probes proved to be both an advantage (better
accuracy) and a disadvantage ( the small 9V batteries drain relatively quickly if the probes are left
on). Discipline in turning off the probes when measurements are not being made and a good
supply of batteries are needed. Also the LEM probes are smaller than the equivalent rated AEMC
units which could be an asset in the tight situations inside motor control cabinets. All the
peripheral equipment (probes, spare batteries, chargers, etc) were readily carried in one soft case.
Further information is given in Appendix 10.1.2.
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Fig.3 PdMA Instrument Display Screen

2.3 Baker Instruments

The Baker Instruments Co. is probably best known for its high voltage (HV) surge instrument
for evaluation of motor insulation integrity. The Explorer, a relatively new product, estimates
motor speed by current signature analysis and estimates torque from the instantaneous product of
current magnitude and voltage magnitude. Thus efficiency estimation is its prime function
although it also has complete motor diagnostic capabilities. (Unlike PAMA’s MCE Max which
started out with diagnostics and then added efficiency estimation). The Explorer also uses a laptop
computer for analysis algorithms and data display. Baker’s Explorer unit is shown in Fig 4 and a
typical screen in the efficiency estimation mode is shown in Fig 5. It is also completely portable
but can operate from the domestic 115V supply when available. The voltage probes attach easily
and safely. The current probes are by AEMC and a set of three is provided to cover specific
ranges with reasonable accuracy. Figure 6 shows the current probes for all three instruments.
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Fig.4 Baker Instrument
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Fig.5 Baker Instrument Display screen
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Fig.6 Current probes for instruments; Baker PAMA, Weyerhaeusér

For transporting peripherals Baker provided two draw string bags: not as easily handled as the
PdMA case. The carrying provisions are compared in Fig 7. Further information on the Explorer
is given in Appendix 10.1.3.

s i o . .
Fig.7 Auxiliary Carrying Provisions; PAMA, Baker, Weyerhaeuser

24 Framatome

Framatome is a company of European (French) origin with US headquarters in Florida. It
produces a wide variety of equipment in support of the nuclear industry and its motor diagnostic
work is a very small part of its overall activities. Data for their EMPATH instrument has been
received and during early phone discussions with Framatome representatives it seemed likely that
they would provide an instrument for our testing. However, as the start-up date approached, we
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were informed that the EMPATH’s efficiency calculation algorithm was not operational and they
would not be able to provide an instrument for our program. Official confirmation of this decision
was provided by the email given in Appendix 10.1.4, together with contact information.

2.5  Digital Instruments

One of the instruments evaluated in the previous study [6] was the MAS 1000 produced by
Niagara Instruments. At the time of that evaluation this instrument was found to give reasonable
assessment of operational efficiency but as it required the attachment of reflective tape to the
motor shaft and an optical tachometer to be placed in close [1” — 2”] proximity to the shaft, it
could not be classed as non-intrusive.

Recently, the MAS 1000 has been developed to become less obtrusive (and has been purchased
by Digital Instruments). In our initial contact with Digital we were informed that they had been
doing substantial revisions of this product, now called MAS 1000LA. The revisions required new
software for communication between the basic instrument and the laptop computer used for data
processing. This new software had bugs that could not be cleared by the time of our tests, and
consequently Digital did not provide an instrument for evaluation. Contact information for Digital
and MAS 1000LA is given in Appendix 10.1.5

2.6 Reliance Electric

During the preliminaries for the current study we were informed by a member of the Alliance’s
Motor Technical Advisory Group (MTAG), Mr. Johnny Douglass, that the Reliance Electric
division of Rockwell had recently announced development of a motor efficiency estimator. In
discussions with the engineers responsible for this development it was found that their approach to
the estimation process required accurate measurement of the motor’s stator resistance. This, in
turn, requires that the motor be stopped and disconnected from the power supply to enable a
suitably accurate measurement. As this requirement did not come within our non-intrusive
definition, Reliance declined our request to provide an instrument for test. Theoretically, it should
be possible to obtain “default” value of the stator resistance to enable an estimate of performance.

The notification of Reliance’s decision and contact information is given in Appendix 10.1.6.

3 MOTORS EMPLOYED FOR THE TEST PROGRAM
3.1 Laboratory Test Motors

At the time that Weyerhaeuser issued its motor specification for its mill motors [12], seven
major motor manufacturing companies each provided three motors for evaluation. (Baldor,
General Electric, Marathon, Reliance, Toshiba, US Motors and Westinghouse). One other major
manufacturer, Siemens was unable to participate as they were in the process of changing their
product line. However, the current project provided an opportunity for Siemens to participate.
They provided for testing IEEE Std 841 motors rated at 50hp, 100hp and 200hp. In addition to the
tests required for the motor efficiency estimator project, the motors were tested according to IEEE
112A, for comparison with the previously developed “league table” [12], and also according to
IEEE 112B for comparison with the official test data from the Siemens factory testing laboratory.
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The nameplate data for the three motors are given in Appendix 10.2. The results of IEEE 112B
tests are given in Appendix 10.3 by courtesy of Siemens. The motors are shown as installed on the
300hp test platform in MSRF in Figs 8,9 and 10.

Fig.9 200hp Siemens motor on test bed
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Fig.10 50hp Siemens mtor on test bed

3.2 Field Test Motors

The field tests were coordinated between Mr. Jim Rooks, acting for MSRF, and Mr. Warren
Hopper, the Production Manager of the Weyerhaeuser Containerboard mill in Springfield, Oregon.
Weyerhaeuser provided access to motors rated 50hp (Reliance), 100hp (Reliance) and 200hp
(Reliance). These motors are shown in Figs. 11, 12, 13 respectively. These three motors were
relatively new and Weyerhaeuser had the manufacturer’s original test record data.

. :-r s '.l-'.' o -
Fig.11 50hp motor in Weyerhaeuser Facility
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Fig.13 200hp motor in Weyerhaeuser Facility

After the initial equipment set-up, the testing of the efficiency estimators in the Weyerhaeuser
mill went quite smoothly and was well completed within the time kindly allocated by the mill
management. The spare time was put to good use by using the three estimators for evaluation of a
fourth significantly older and rewound motor (US Electric Motors). This 200hp motor is shown in
Fig 14.

Nameplate details for the four field test motors are given in Appendix 10.3 by courtesy of
Weyerhaeuser Company.
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Fig.14 Older 200hp motor in Weyerhaeuser Faciﬁty
4 LABORATORY TEST COMPONENT
4.1  Configuration

The laboratory component of this study was undertaken using the 300hp test stand in the MSRF
laboratory in OSU, shown in the schematic diagram of Fig 15. The motors under test were
supplied with power from the 3-phase adjustable auto transformer which ensured balanced, rated
voltage. The dynamometer load for the motors was a four quadrant AC drive comprised of a
300hp induction machine operating in supersynchronous regenerative mode controlled by PWM
inverter. This configuration circulates the load power of the motor under test within the laboratory.
Hence, only the losses in the motor and the dynamometer system are made up by power from the
utility during the tests. The laboratory configuration is shown in Fig. 16. For more information
visit www.ece.orst.edu/~msrf. Equipment specifications are given in Appendix 10.4

The following instrumentation was employed in the MSRF laboratory for the determination of
motor efficiency. For input electrical power a Voltech 3-phase power analyzer (model# PM3300)
provided data on voltage, current, power, power factor and power quality (i.e total harmonic
distortion of voltage and current). The voltage signals for the power analyzer were obtained by
direct connection to the 460V leads of the motor. The current signals were obtained via LEM
current transducers (model # LT 300-S).

For output mechanical power the speed and torque of the motor shaft was measured by an
Eaton-Lebow shaft transducer (model #1805-10k) . Torque measurements and power for the shaft
transducer were provided by Eaton-Lebow unit (model #7540) and the shaft rotational speed was
displayed on a Philips frequency meter (pulse counter)( model #PM 6666).

During the tests, temperature measurements were made of the ambient, motor case, motor shaft
bearing and motor windings. Ambient, case and bearing temperatures were obtained by
appropriately placed thermocouples with displays on Fluke 45 multimeters as shown in Figs 8, 9,
10. Winding temperatures were determined by comparison of resistance measurements, with a
baseline measurement at a known ambient, using a microhmeter (model # D3700)

Details of all laboratory instrumentation is given in Appendix 10.5.
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4.2 Simultaneous Instrument Tests

The purpose of the simultaneous instrument tests was to evaluate the instruments’ performance
at the motor loads of 25, 50, 75, 100, 110 and 120% of rated load. The tests were not truly
simultaneous as will be described below but the dynamometer control provided very steady loads
throughout the measurement period.

In order to assess the accuracy of the efficiency estimates compared to the value provided by the
dynamometer measurements, the three sets of instruments were connected in parallel to the motor
input terminals. This required a special terminal strip to enable access to motor voltage. In the
laboratory configuration there was more than adequate space on the 3-phase cabling to the motor
to allow for the attachment of all nine current clamps: see Fig. 17. The three instruments were
arranged side-by-side close to the system under test as shown in Fig. 8.

Fig. 17 Current clémps for operation of 3 instruments

For comparison of the results, all four systems should be read simultaneously. In practice this is

not precisely possible because of different data sampling techniques employed, as follows:

a)  The laboratory dynamometer input power instrument samples and holds instantaneously on
demand: the output power is calculated off-line from manually recorded values of torque and
speed.

b)  The Weyerhaeuser instrument is continually monitoring the input power parameters without
a sample and hold capability, and all calculations are done off-line using a computer
spreadsheet containing the algorithms described in [14].

c) PdMA MCE-MAX actively samples data in order to obtain the information it requires over a
2 minute acquisition period (particularly for speed determination by spectral analysis of input
currents). Efficiency is calculated within the operational laptop and displayed on request.

d)  The Baker Explorer has a shorter acquisition period than the MCE-MAX; in the region of 10-
15 seconds. Efficiency is calculated within the operational laptop and displayed on demand.

Both the MCE-MAX and the Explorer have large storage capability within their laptops that can
be used to record numerous events and establish trending over time. Both these instruments can
download stored data to other computers via internet connection to enable further storage and/or
trend analysis.
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4.3 Other Relevant Tests

The basic tests described in Section 4.2 were conducted with the voltage supplied to the motors
at the rated 460 V value with very precise balancing of the phases as was enabled by the laboratory
configuration. In more practical, industrial, settings the applied voltage at the motor terminals may
be under the rated value or, more commonly, over the rated value. In addition, there is rarely ideal
phase balance. Consequently, additional tests were performed, exactly following the procedure of
Section 4.2, except that a single mechanical load of 75 % was maintained with the following
terminal conditions.

(i) Balanced voltages of 110 %, 105 %, 100 %, 95 %, and 90 % of the rated 460 V value
(for these tests Weyerhaeuser suggested an efficiency voltage compensation factor
equal to the percentage of rated voltage).

(i)  Nominal 460 V but with unbalance of 1.25 % and 2.50 %.

4.4 IEEE 112 A/B

The tests described in Section 4.2 and 4.3 could be categorized as “spot-check tests” or “snhap-
shot tests”, in that they measured (by dynamometer means) and estimated (by the three instruments)
the conditions under which the motors were operating at a particular point in time. In particular no
attempt was made to reach motor thermal stability. However, the tests do represent very genuine
operating conditions.

According to IEEE Std 112A, however, it is necessary to obtain motor operation at stable
temperature (defined for our purposes as less than 0.2 °C change in a 10 minute period). In IEEE
Std 112B the results are adjusted to calculate the effective efficiency at the rated maximum
specified temperature of the machine (Ts). This process enables the comparison of efficiency of,
say, motor #1 reaching a stable temperature of Ty; in an ambient of Taj, with motor #2 which
reaches a stable Ty, in an ambient of Ta,. IEEE Std 112A tests and 112B analyses were performed
on all three motors used in this study. This process, undertaken as part of the loan agreement for
the motors, served as a mutual calibration assessment for the Siemens laboratory and the MSRF
laboratory. The results obtained showed good correlation and are given in Appendix 10.8 courtesy
of Siemens.

4.5 Faulty Motor Vibration Tests

As part of this project the Alliance enlisted the help of a group of well informed and interested
individuals referred to as the Motor Technical Advisory Group (MTAG). The MSRF hosted
MTAG in the laboratory at OSU, to obtain input on procedures and techniques. In this meeting,
held June 9™, 2003, one MTAG member, Mr. Steve Skenzick of HPS, Roseburg, OR, observed
that two of the instruments (MCE-MAX and Explorer) were marketed as having motor diagnostic
capabilities, in addition to the efficiency estimation which was the focus of our current study. As a
side issue to our study HPS provided a suspect motor for examination.

This motor was rated 150 hp, 1175 rev/min, 180 A. When tested at rated load its speed and
current were measured at 1130 rev/min and 230 A: indicative, perhaps, of a higher than expected
rotor resistance. The motor was also noticeably noisier than normal for a machine of this rating.

The diagnostic spectral analysis of the stator current waveforms of the motor provided by MCE-
MAX and Explorer are shown in Fig. 18. The spectra obtained from the two instruments show
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good agreement and indicate that the current contains a fundamental (60 Hz) component and two
side bands at frequencies of

f,=60(1+2s) Hz (1)
where s is the operating slip of the motor, which in turn is defined as
_ N;—N
=N (1)

S
where Ns = motor synchronous (no-load) speed.
N = motor operating speed
These sidebands are symptomatic of a rotor circuit discontinuity such as broken rotor bar(s) or
faulty endring in one location.
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Fig.18 Motor current spectra of suspect faulty motor

S. SUMMARY OF LABORATORY RESULTS

5.1 Balanced, Rated Voltage Operation

The complete data tabulations from the laboratory tests for the 50 hp, 100 hp, and 200 hp motors
are in Appendix 10.6.1, 10.6.2, and 10.6.3 respectively. In these tabulations an empty element
indicates that the particular instrument did not provide readings for those parameters. For example,
the Weyerhaeuser and MCE-MAX do not provide readings of motor torque, and Weyerhaeuser
was not configured to provide individual values of power and power factor on a per-phase basis
but only for the entire 3-phase system.

5.1.1 50 hp Motor

For the purposes of this study the two most important measurements are power factor and
efficiency. Fig. 19 compares the results from the three instruments with the corresponding
laboratory dynamometer measurements for the 50 hp motor. We may assume, for the purpose of
this study, that the results obtained from the laboratory dynamometer instruments are correct. This
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is encouraged by the IEEE 112B results and their correlation with data from the Siemens
laboratory tests of the same motors. Hence it is shown that power factor measurements of all three
test instruments is very good: particularly the Weyerhaeuser and the MCE-MAX. The Explorer is
always slightly optimistic in its values but they are always within 2.5% of the “true” value.

The efficiency comparisons of Fig.19(b) present a much more complicated picture. At loads
between 50% and 120 %, all three instruments provide estimates that are within three percentage
points of the dynamometer values (which was one of our criteria for acceptability).

However, at 50% and below the discrepancy between “torque transducer” and the estimators
widens. For the Weyerhaeuser instrument, the value of using the MM+ no-load current value
(36%) rather than the default 30% is evident. We also noted that the MCE Max estimate changed
very little across the load range.

5.1.2 100 hp Motor

From Fig. 20(a) it is evident that all three instruments do an extremely good job of estimating
the power factor. For efficiency at loads of 75 % rated and above all three instruments are
contained within a spread of two percentage points which is very creditable. Below 50 % load the
results from Weyerhaeuser are substantially in error for both the default 30% and the MM+ no-
load current of 27%. The estimates provided by MCE-MAX and Explorer are very reasonable.

5.1.3 200 hp Motor

As already observed for the 50 hp and 100 hp motors, power factor is extremely well
determined by all three instruments for the 200 hp motor. For efficiency the Explorer is by far the
most consistent throughout the load range as shown in Fig. 21(b). Weyerhaeuser shows good
agreement at very high loads but, in a pattern similar to that for the other motors, becomes less
accurate for loads of 50 % and below (in this example the 30% default was very close to the MM+
value). Throughout the laboratory tests the MCE-MAX gave a virtually constant efficiency for
each of the three motors regardless of load: 94.9 % for 50 hp; 95.2 % for 100 hp; 96.3 % for 200
hp. This is somewhat surprising as the speed estimates provided by MCE-MAX were very good
and significantly better than the Explorer. Both Baker and PAMA engineers have commented that
they concentrate on providing reliable estimates at 50% load and above.

5.2  Operation at Other-Than Rated Voltage

The effects of terminal voltage variation, between 90 % and 110 %, on the estimates of power
factor and efficiency are shown in Figs 22, 23, and 24 respectively for the 50 hp, 100 hp, and 200
hp, each operated at 75 % of their rated load. As for the tests at rated voltage, all three instruments
did well at measuring the power factor. The estimates of efficiency from all three instruments at
rated voltage and above are acceptable (within our tolerance specification). Below rated voltage,
MCE-Max and Explorer also provided good estimates. The Weyerhaeuser estimates are less
reliable in this region and consequently are shown in incomplete lines. It should be noted that the
Weyerhaeuser estimation algorithm is unaffected by the choice of no-load current (MM+ value or
30% default) at the 75% motor loading of these tests. Overall the Explorer seemed to handle these
conditions with least error.
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5.3  Operation with Voltage Unbalance

Voltage unbalance is invariably found in industrial environments. Consequently, as an
additional laboratory test, unbalance levels of 1.25 % and 2.50 % were introduced into the MSRF
supply by control of the autotransformers. The effects on power factor and efficiency estimates for
motors operating at 75 % rated load are summarized in Table 1 and 2 respectively.

Table 1: COMPARISON OF POWER FACTOR READINGS UNDER VOLTAGE UNBALANCE

Motor 50 hp 100 hp 200 hp
Unbalance | 1.25% 2.50 % 1.25 % 2.50 % 1.25 % 2.50 %
MSRF 0.82 0.82 0.86 0.86 0.84 0.84
WH 0.83 0.83 0.87 0.87 0.85 0.85
MCE 0.81 0.81 0.85 0.86 0.83 0.83
EXP. 0.85 0.84 0.87 0.87 0.83 0.83

Table 2: COMPARISON OF EFFICIENCY ESTIMATES UNDER VOLTAGE UNBALANCE

Motor 50 hp 100 hp 200 hp
Unbalance | 1.25% 2.50 % 1.25 % 2.50 % 1.25 % 2.50 %
MSRF 94.5 94.1 95.3 95.4 95.7 95.5
WH 97.3 98.3 95.2 96.0 97.7 97.7
MCE 94.9 94.9 95.2 95.2 96.3 96.3
EXP. 95.2 94.7 95.6 95.5 96.0 95.8

From the above data it appears that voltage unbalance does not adversely affect the performance of
any of the instruments, at least to the levels applied here.

6 FIELD TESTS
6.1 Location and Set-up

The field tests were conducted July 8", 2003 at the containerboard mill of the Weyerhaeuser Co.
in Springfield, Oregon. In addition to two Weyerhaeuser personnel, to supervise activities, five
MSREF personnel, to perform the tests and supervise and liaise activities, the tests were witnessed
by three NEEA representatives and three MTAG members. The Weyerhaeuser management
enabled access to the motor control centers (MCC) of the paper machine #2 and provided carts for
moving the instruments around the control room.

The MCCs were remote from the motors serving the paper machine operation and consequently
the motors were not observable during the tests. Consequently it was possible that the loads on the
motors could change during the course of the tests in which, for reasons of limited practical access
(see Figs 26, 27, 28 and 29), the instruments were attached in sequence. Each of the three
instruments had a dedicated operator from the MSRF team who was completely conversant with
the operation from more than three weeks of experimentation in the laboratory.
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6.2  Practical Limitations and Observations

For the records it is desirable to obtain the nameplate information of the motors being tested,
prior to the tests. In addition the MCE-Max requires the stated (nameplate if available) power
factor as an input to its calculation process.

There was, in some circumstances, difficulty in attaching the probes to the terminals and cables
in the MCC cabinets. The voltage probes needed to be attached to the live terminals and clearance
can be an issue. The adapted multimeter probes, provided by the MSRF for the Weyerhaeuser
instrument, were not as safe as the voltage probes provided with the MCE-Max and the Explorer.
In some cases the larger AEMC current probes (as used in Weyerhaeuser and the higher current
levels of Explorer) could not be attached to all three phases on the same side of the breaker
terminals in the MCC. These difficulties should not be overemphasized, however, when the
connections are being done by a competent and resourceful electrician (such as the Weyerhaeuser
employee provided for our project). For the smaller current probes as used by the MCE-Max and
for Explorer at lower current levels, this was not usually a problem.

In addition to making safe and secure connections it is important that the voltage and current
probes be connected in the correct sequence to the three lines. The Weyerhaeuser instrument
requires that the operator interprets the readings and, possibly based on the reasonableness, adjusts
the sequence of connection. The MCE-Max and the Explorer both provide a graphic display on
their laptop screens to show the phasor relationship of the three voltages and the three currents
being monitored. The operation of the MCE-Max may then require reconnection of some probes
to correct sequence and orientation problems. The Explorer incorporates an “auto-sequencing”
feature which, in most cases, removes the need to reconnect. This greatly accelerates the process
of data acquisition. Unfortunately, the phasor sequence diagrams provided by both the MCE-max
and the Explorer are not in accordance with usual North American practice of counterclockwise
positive sequence rotation. Examples of the phasor diagrams for MCE-Max and Explorer are
given in Fig. 25 (a) and (b) respectively. The MCE-max shows current lagging corresponding
voltages (as expected for an induction machine) but the sequence is V1, V3, V2 if rotating
counterclockwise. The Baker Explorer has a counterclockwise rotation Va, Vb, V¢ but with the
currents leading the corresponding voltages.

| Phasor Diagram - sismens_S0hp 06/26/2003 10:25:29 AMl : Phasors E“ D |®
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Fig.25 Phasor diagrams for Instruments
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Following data acquisition by the meters, display and storage is directly accomplished in the
MCE-Max and the Explorer. For the Weyerhaeuser unit the data has to be read from the screen and
manually recorded, either by entering into a chart or typing into a laptop. This reduces the speed
of acquisition and may introduce errors. The laptops incorporated in the MCE-Max and Explorer
both had internet access capability and could transfer data to a central computer if required. If
future models of these instruments incorporate wireless internet access (“wifi”), the data storage
process could be improved even further. Large inventories of operating motors could then be
evaluated in a relatively short assessment time.

« [ |- = e
Fig.27 Access to Terminals in MCCs
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7. FIELD TEST RESULTS

The data obtained describing the operation of the four motors in the Weyerhaeuser mill are
given in Appendix 10.7. The THD of motor currents, although available, was not recorded for the
Weyerhaeuser instrument in order to speed up the data acquisition process for all three instruments.
It should be emphasized again that, the operating conditions of the motors were not necessarily
consistent throughout the data sets obtained.
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7.1 50 hp Motor

The data obtained for this motor indicate that it was operating at about 72% of its rated load,
which is within the perceived practices of the mill. The results obtained for power factor and
efficiency from both the Weyerhaeuser and the Explorer instruments are very reasonable values
for that motor at that level of load. The estimates from the MCE-Max are unduly optimistic: this is
traceable to current measurements which seem much too low. This could be a problem with the
battery powered current transducers. Taking this into account, the likely operating condition of the
50hp motor was: power factor 0.83 pu; efficiency 91-92%.

7.2 100 hp Motor

This motor is indicated by all three instruments to be operating at a load of only 58 to 60% of
rated. At this load level it is anticipated, based on laboratory test comparisons that
Q) all three instruments would give a good indication of power factor
(i) MCE-Max and Baker would give an acceptable indication of efficiency and
Weyerhaeuser estimate would be unduly optimistic.
This seems a reasonable observation from the test data too. Hence indications are that this motor
was operating at power factor of 0.8- 0.84 pu, and an efficiency of 94-95%, at the time of the test.

7.3 Newer 200hp Motor

From the readings provided by the three instruments, this motor appears to have been operating
at 71 to 73% of its rated load: very reasonable for mill conditions. The indicated power factor is
between 0.87 and 0.89 pu: healthy and not unreasonable. There is also a consensus of efficiency
values of 96%.

7.4  Older 200 hp Motor

This motor, serving a less critical function in the mill, shows the highest discrepancy of test data
between the three instruments. It is indicated that the loading was in the range of 74%
(Weyerhaeuser) to 83% (Explorer); the power factor was 0.9pu; the efficiency ranged from 82% to
95%. A possible explanation for this wide range is that

Q) the load on this motor did shift appreciably between the connection of the
instruments, and

(i) the Weyerhaeuser instrument always seems to provide a high reading for input
power.

8. CONCLUSIONS, COMMENTS AND RECOMMENDATIONS

8.1  Six instruments for unobtrusive in-service estimation of motor efficiency were identified.
Of these
e three were provided for evaluation
e two were not provided because of technical problems
e one did not meet the definition of non- intrusion and withdrew.
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8.2

8.3

MSRF

The laboratory test program resulted in the following observations

8.2.1  Weyerhaeuser

8.2.1.1 This instrument is still in an underdeveloped state compared with the other two.
(Weyerhaeuser have made some improvements since our tests but do not intend to
manufacture or market their instrument. However, they may license others to do
S0).

8.2.1.2 For motors operating below 50% of rated (a legitimate case for the instrument to
“catch”) the algorithm in this system does not give dependable indications of
motor efficiency. The algorithm assumes (when data is unavailable) that the no-
load current is 30% of the full load current. In recent tests in the MSRF this value
has been found to be over a wide range of 24% to 42%.

8.2.2 PdMA: MCE-Max
8.2.2.1 This is a motor problem diagnostic tool that has had efficiency estimation added
as an alternative feature.

8.2.2.2 It appears to be a good diagnostic instrument and provides excellent electrical
parameter measurement and good (but time consuming) speed estimation.

8.2.2.3 MCE-Max is a truly portable, “operate anywhere” battery powered instrument.
The batteries must be charged offline. Care must be taken with current probe
batteries which appear to discharge rapidly.

8.2.2.4 Little is known of the efficiency calculation algorithm except that it appears to be
dependent on the nameplate power factor as an input parameter and slip as a
calculated value. However calculated efficiencies do not appear to change as a
function of either load or terminal voltage.

8.2.2.5 The data is collected easily and is displayed understandably on the laptop. Data
can be downloaded to other computers for storage/processing.

8.2.2.6 This is by far the most expensive instrument

8.2.3  Baker Explorer

8.2.3.1 This instrument is a motor power factor and efficiency estimator which has
developed into a diagnostic instrument.

8.2.3.2 It appears to be a good diagnostic instrument: however its speed estimation is less
accurate than PAMA’s MCE Max, due to its faster sampling period.

8.2.3.3 This is a very portable instrument and has internal batteries that are charged from
115V, 60Hz .

8.2.3.4 The efficiency calculation relies on an output power calculation based on a torque
estimation and speed determination (see 8.2.3.2).

8.2.3.5 Thisis a “reasonably” priced instrument

Overall Assessment

8.3.1  The process of non-intrusive, in-service motor efficiency estimation has improved
substantially since the previous study in 1995/6.

8.3.2  All of the instruments are expensive but two of them provide many other
functions in addition to efficiency estimation.
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9.0

10.

11.

12.

13.

14.

8.3.3 None of the instruments are without problems. However, based on

e Lower capital cost for determination of motor efficiency,

e Ease of use (autosequncing, data display and processing),

e Relative overall consistency of efficiency estimatescompared to MSRF
dynamometer,

the Explorer from Baker Instruments would seem to be the best option at this time.
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APPENDIX 10.1

10.1.1 Weyerhaeuser Power Analyzer

This instrument has been developed in the Weyerhaeuser Research center in Federal Way, WA.
It is not available commercially but it is intended as an aid to Plant Managers within the
Weyerhaeuser company. Approximately six units are in service in plants where the records of the
motors include the no-load current (which the investigation of this study indicates is a crucial input
parameter).

Based on the very limited quantities produced to date, it is believed that the Power Analyzer
could be manufactured for approximately $20,000. Further details can be obtained in the
publication reference [10] and from micheal.richter@weyerhaeuser.com or
john.holmqauist@weyerhaeuser.com.

10.1.2 PAMA MCE-Max

The instrument used in our study was made available by Mr. Garett Smith (garrett@ballspin.com)
of Ball Spin Engineering in Seattle, WA, who is the Pacific NW representative for PAMA. This
loan was coordinated by Mr. Noah Bethel (noah@pdma.com) in the PAMA headquarters in Tampa,
FL (813-621 6463). Further information should be obtained by contacting the above and by
viewing their website (www.pdma.com). The basic MCE instrument is a motor problem
diagnostic tool which does not include the efficiency estimation technique. Quoted costs of MCE
are in the region of $30,000. In order to access the efficiency estimation process the MCE-Max is
required which increases the cost by about $20,000. See following attached email from Mr Bethel.

Date: Mon, 7 Jul 2003 15:15:51 -0400
From: Noah Bethel <noah@pdma.com>

To: "Alan Wallace®™ <wallace@ece.orst.edu>
Subject: RE: Info for Advisory group

Mr. Wallace if these answers are not sufficient please tell me.
Best Regards,
Noah P. Bethel

Product Development
PdMA Corporation

Full Name of Product MCEmax
" " "" Manufacturer PdMA Corporation
Minimun Model: MCE or Emax purchased separately

Basic Functions

MCE - Deenergized Analysis (Power Circuit, Insulation, Stator, Rotor, Air
Gap)
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Emax - Energized Analysis (Power Quality, Power Circuit, Stator, Rotor, Air

Gap)
Minimum Cost MCE - 28,500

Emax - 21,500
Does it require user to have own laptop or similar? No
Does it ahndle Medium Voltage? Yes

OPtion A Model:
ditto

Option B model:
ditto againMCE

————— Original Message-----

From: Garrett Smith [mailto:garrett@ballspin.com]
Sent: Monday, July 07, 2003 11:44 AM

To: "Alan Wallace®; "noah bethel”

Subject: RE: Info for Advisory group

Sorry for the delayed response. 1"ve been in an accident and couldn®t get
to my e-mail for a couple of weeks. I*"m doing fine now, just can"t be on
the road much for a couple more weeks.

Noah, did you get this information squared away?

Cheers!
Garrett Smith

————— Original Message-----

From: Alan Wallace [mailto:wallace@ece.orst.edu]
Sent: Monday, June 30, 2003 3:18 PM

To: garrett@ballspin.com; noah bethel

Subject: Info for Advisory group

Hi Garrett and Noah,

First let me thank you both for all your help so far. An update is that the
30A current probes arrived last week well in time for the field tests
scheduled for the 8th July.

Ken Anderson, Project manager in NEEA, has asked me to compile some simple
info for our observers at next week"s tests:

Full Name of Product
b "* "% Manufacturer

Minimun Model:
Basic Functions
Minimum Cost
Does it require user to have own laptop or similar?
Does it ahndle Medium Voltage?

OPtion A Model:
ditto



Option B model:
ditto again

Thank you in anticipation

Alan

Dr. Alan K. Wallace Director (MSRF)

Dept. of Electrical and Computer Engr. Motor Systems Resource
Facility

Oregon State University (An EPRI/BPA Center at 0SU)
Corvallis, OR 97331-3211

(541) 737-2995 (Tel) (541) 737-1867

(541) 737-1300 (Fax) (541) 737-0771

E-mail: wallace@ece.orst.edu www .ece.orst.edu/~msrf

10.1.3 Baker Explorer

The instrument which Baker Instruments made available for this project was the Explorer Series
II-L as specified in the attached “quotation” from our point of contact, Dr. Enersto Wiedenbrug.
Additional information is available from Baker at 800-752-8272 or http://www.bakerinst.com
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NS
Baker

Baker Instrument Company
4812 McMurry Avenue
Fort Collins, CO 80525

QUOTE NUMBER: N/A
QUOTE DATE: 7/7/03

Prof. Alan Wallace, Ph.D.
Motor System Resource Facility
Oregon State University

Owen Hall

Corvallis, OR, 97331

Ref No: Delivery :6-8 Weeks ARO Shipping Method: Best Way, PPA
Item No. Quantity Description Price
00 1 Baker Instrument Explorer Series Il $27,995.00

Online monitor of power circuit issues

motor health, load and performance.

Toughbook computer

- When using the EP with medium voltage motors - the
motor must have CT's and PT's in place.

- 2 sets of CT's ( 3-150 AMP and 150-1000 AMP)
shipped with Explorer

-2 EP's (1 x5 amp, 1 x 50 amp). If higher amperage is
required, call for pricing.

- Desktop software

Total Gross Weight: 45 Ibs

Total Net Weight: 35 Ibs

00 1 Baker Instrument Explorer Series I1-L $19,995.00
Online monitor of power circuit issues
motor health, load and performance.
Notebook computer
- When using the EP with medium voltage motors - the
motor must have CT's and PT's in place.
- (1) Each of (5-150 AMP) CT's
shipped with Explorer
Total Gross Weight: 45 Ibs
Total Net Weight: 35 Ibs

OPTIONS
00 1 MP-DT Desktop software $1,295.00
00 1 Explorer Demodulation Plus software pkg $1,245.00
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00 1 MP-CP Clip package $ 295.00
(3 sets of different size clips)

00 1 MP-CT 1000 1000A CT $ 695.00
00 1 MP-CT 10 10ACT $ 495.00
00 1 Cable CT's 300A/3000A (10mV/1mV/A) $ 1,895.00
00 Explorer Accessories - Export Box "EP"
1-9 10-49 50 and up

wox $650 $550 $495

10A-200A  $690 $590 $535

200A-up $790 $690 $635

** This EP works with all motors over 600V and with motors below 600V from 1A to 10A.
For 600V and below motors with current above 10A please find the increased prices above.

* When purchased on the same PO as an Explorer the customer receives end column pricing.

* Operating voltage and amperage must be given before purchasing an EP

* When using the EP with medium voltage motors - the motor must have CT's and PT's in place.

* EP are offered as follows:
220V Motor 460V Motor 575 Motor 2300V/4160V/6.6KV*
220V\10A  460V\10A  575V\1I0A 120V\5A
220V\50A  460V\50A  575V\50A *Must have existing CT/PT.
220V\100A  460V\100A 575V\100A
220V\200A  460V\200A 575V\200A

00 1 50' PT Extension $ 226.40

INSTRUMENTS INCLUDE INSTRUCTION MANUAL AND SET OF TEST LEADS SHIPMENTS ARE F.O.B.
FORT COLLINS, COLORADO. PAYMENT TERMS: 1% 10, NET 30 DAYS

Terms:  Validity:
Above 60 Days Joe Geiman, Technical Sales Representative

WARRANTY: Baker Instrument Company warrants title to the product and also warrants product on date of delivery to purchaser to be of the kind
and quality described above, merchantable and free of defects in workmanship and material. There are no warranties which extend beyond those
expressly stated in this contract.

If within one year from date of shipment by company of any item of the product, purchaser discovers that such item was not as warranted and
promptly notifies company in writing thereof, company shall remedy such non conformance by, at company's option, adjustment or repair or

replacement of the item and any affected part of the product. Purchaser shall assume all responsibility and expense for removal, reinstallation,
freight, and on-site service in connection with the foregoing remedies. The same obligations and conditions shall extend to replacement parts

furnished by company hereunder.

Company's liability to purchaser relating to the product whether in contract or in tort arising out of warranties, representations, instructions,
installations, or defects from any cause, shall be limited exclusively to correcting the product and under the conditions as aforesaid.
Any separately listed item of the product (such as tubes) which is not manufactured by the company shall be covered only by the express warranty

of the manufacturer thereof.
(970) 282-1200 - (970) 282-1010 Fax - (800) 752-8272 - www.bakerinst.com
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10.1.4 Framatome

As explained in section 2, a Framatome EMPATH instrument could not be made available for our
project: see aatached email form Mr. Don Ferree. Further information can be obtained by
contacting Mr. Ferree directly or viewing the website http://framatech.com/pdf/empath

Date: Mon, 5 May 2003 05:39:55 -0400
From: FERREE Don <Don.Ferreefframatome-anp.com:>
To: ™'wallacefece.orst.edu' ™ <wallacelece.orst.edux
Co: MALONE ED <ED.Malonelframmatome—anp . coms,
MCEEAGUE JER Lew <Lew.MocHKeacguelframatome—anp.coms,
ATAMAN Vedat T <Vedat.Ataman@frsenatome-—-anp.corm:>
Subject: Motor Efficiency Test

Dear Lllan - it was good to talk to you last week regarding the motor
efficiency testing that vou intend to do this sunmoer. EMPATH currently does
not have a motor efficiency algorithm included in its diagnostics and so we
will not be participating in wour testing.

We are working on the mwotor efficiency algorithin bhut want to assure
ourselwves that whatever we use 15 accurate hefore we release Saune. A=z soon
az we have the algorithm ready for use, we will advise you.

Regards,

Don Ferree

Framatome ALNEP

145 Whisperwood Lahe
Hadison, AL 35758
phone: 256-464-9313

10.1.5 Digital Instruments

The Digital Instruments Co. revision of the Niagara Instrument Co. MAS 1000L instrument could
not be made available at the time of our tests. For further information contact Mr. John Swanson at
716-874 5848 and johnswanson@digitalinstruments.com or view the  website
http://www.digitalinstruments.com.
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Date: Thuia, 12 Jun 20032 14:Z2:1& —0O400

From: JohnSwvansonfdigitalinscruments, com

To: 'Alsmn Wsllaces' <wallaceR=ce.,.orsSt,edus
Subect: RE: Motor Efficierncy Estimators [(fwd)

Allcr,

1 completely understand. 1 =i hoperul that wWe oan get through the
is=sues we are experiencing with the software and get this produact bhetz:
tested amnd then into distribution.

Plea=ze keep me informmed of wour progress With the otlkher units @And it
po=ssikble I would like to rec=zive @ copy of the results.

Thank=.

John Swansorn
Illgltal Instru:rnents, Inc .
TFTETF Sheridsr Drive

Tonawand=s, ew York 14150

FPh. 716-S74-5545

10.1.6 Reliance

Reliance chose to withdraw their wizard instrument due to our non-intrusive stipulation. See
attached notification from Mr. T. F. Gallagher, relayed by M. Rooks. For technical information,
contact Rich Schiffrell, Roger Doherty, or Dr. El-lbiary at 864-281 2250 or view the website
www.Reliance.com

Date; Fri, 23 May 2003 12:52:34 EDT
From: Jrookspdx @aol.com

To: wallace @ece.orst.edu
Cc: KAnderson@nwalliance.org, tfgallagher@powersystems.rockwell.com

Subject: Reliance Wizard

Terry Gallagher officially advises that Reliance is withdrawing their Wizard
instrument from consideration within this testing program.
Jim Rooks
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APPENDIX 10.2

Nameplate Data for Siemens Motors

100hp Motor

MANUFACTURER SIEMENS
Model MD006211
Type RGZEESDX
Hp 100
Voltage 460
Phase 3
Hertz 60
Frame 405T
Sync RPM 1800
Full load RPM 1780
Efficiency 95.4
Power factor 0.87
Full Load Amps 113
Insulation F
Service Factor 1.15
Ambient 40°C
50hp Motor
MANUFACTURER SIEMENS
Model MD006115
Type RGZEESDX
Hp 50
Voltage 460
Phase 3
Hertz 60
Frame 326T
Sync RPM 1800
Full load RPM 1780
Efficiency 94.5
Power factor 0.85
Full Load Amps 58
Insulation F
Service Factor 1.15
Ambient 40°C
MSRF Non-Intrusive Motor Efficiency Estimators
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200hp Motor

MANUFACTURER SIEMENS
Model 2094382003
Type RGZEESDX
Hp 200
Voltage 460

Phase 3

Hertz 60

Frame B447T
Sync RPM 1800

Full load RPM 1785
Efficiency 96.2

Power factor 0.86

Full Load Amps 226
Insulation F

Service Factor 1.15
Ambient 40°C

Nameplate Data for Motors Tested in Weyerhaeuser Facility

APPENDIX 10.3

50hp Motor
MANUFACTURER RELIANCE
Model -
Type Induction
Hp 50
Voltage 460
Phase 3
Hertz 60
Frame 326T
Sync RPM 1800
Full load RPM 1775
Efficiency 94.5
Power factor 0.842
Full Load Amps 58.8
Insulation F
Service Factor 1.15
Ambient 40°C
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100hp Motor

MANUFACTURER RELIANCE
Model -
Type Induction
Hp 100
Voltage 460
Phase 3
Hertz 60
Frame 405T
Sync RPM 1800
Full load RPM 1785
Efficiency 95.4
Power factor 0.874
Full Load Amps 112
Insulation F
Service Factor 1.15
Ambient 40°C
200hp Motor
MANUFACTURER RELIANCE
Model -
Type Induction
Hp 200
Voltage 460
Phase 3
Hertz 60
Frame 447T
Sync RPM 1800
Full load RPM 1785
Efficiency 96.2
Power factor 0.893
Full Load Amps 218
Insulation F
Service Factor 1.15
Ambient 40°C
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Older 200hp Motor

MANUFACTURER US ELECTRIC MOTORS
Model -

Type Induction
Hp 200
Voltage 440
Phase 3

Hertz 60
Frame 1507
Sync RPM 1800
Full load RPM 1785
Efficiency 91
Power factor 0.9

Full Load Amps 240
Insulation F
Service Factor 1.15
Ambient 40°C

APPENDIX 10.4

The Dynamometer System Equipment Specification

Machine Converter
Model 1K 447THDN4038 AA-W MD-300
Manufacturer Marathon Electric Co. Kenetech Windpower
Wausau, WI Livermore, CA
Volts 460 480
Current, full load Amps 332 350
Horse Power 300 300
rpm; Hz 0 to 4,000 0to 135
Poles; phases 4 3
Duty Continuous Continuous
Serial Number 41890480-9/16 001

MSRF

Non-Intrusive Motor Efficiency Estimators
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APPENDIX 10.5
Details of Laboratory Instrumentation
Torque and Speed Measurement System
Model 1804-10K and 1804-5K transducers
7530-115 signal conditioner and readout

Manufacturer Eaton Corporation — Lebow Products
1725 Maplelawn Road

PO Box 1089

Troy, MI 48099

Torque Rating

10,000 Ib-in and 5000 Ib-in

Nonlinearity

+0.05% of full scale

Nonrepeatability

+0.025% of full scale

Hysterisis

+0.05% of full scale

Temp Compensated

70 °Fto 170 °F

Speed Range

0-27,000 rpm — accuracy better than 1/10 rpm

Definition 60 pulses per rev

Error <1 count per second

Measurement of Input Currents, Voltages, Real Power, Reactive Power, Apparent Power,

Power Factor

Specified Accuracy
DC and 45 Hz to 450Hz 0.1Hz to 500kHz

0.05% of reading 0.1% of reading
Voltage and Current

+0.05% of range +0.05% of range

0.01% of reading 0.2% of reading
Power, VA and VAR

+0.1% of range +0.1% of range

MSRF Non-Intrusive Motor Efficiency Estimators Page 44



APPENDIX 10.6.1

APPENDIX 10.6.1

Efficiency Test Date: 6/26/03
50 hp, rated voltage 460 V, balanced, tested by: Emmanuel, Aleksandr, Andre
120% Load
unit Meas. | Meas. | Power [Efficiency Voltage | Voltage | Voltage | Voltage [ Current | Current [ Current | Current [ Power | Power | Power | Power
Torque | Speed out Phase A | Phase B | Phase C| Sum | Phase A | Phase B [ Phase C| Sum | Input A | Input B [ Input C | Input
Nm rpm kW %o \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 2404 | 17763 | 44.7 93.1 2654 | 2653 [ 265.6 | 459.7 69.6 69.5 70.6 69.9 16.0 15.9 16.1 48.0
Weyerhaesuer - - 45.0 93.0 4604 | 4633 [ 460.3 | 460.9 69.6 69.4 70.9 70.0 - - - 48.4
EMAX - 17754 | 458 94.9 263.5 | 2643 [ 2643 | 4573 71.3 70.2 72.0 71.1 16.1 15.8 16.2 48.2
Explorer 238.5 | 1769.9 | 44.2 93.7 262.7 | 2642 | 2654 | 4574 68.4 67.7 65.6 67.2 15.6 15.5 16.1 47.2
unit Power | Power | Power | Power [THD - V| THD -V | THD- V| THD-I1 | THD-I | THD-I | Temp Temp Temp
Factor A[Factor B|Factor C| Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient| Bearing | Case
pu pu pu pu %o %o %o % % % °C °C °C
MSRF 0.866 | 0.863 [ 0.858 | 0.862 2.71 3.19 3.22 3.52 3.92 3.45 27.6 69.1 54.9
Weyerhaesuer - - - 0.868 - - - 2.60 2.30 3.30
EMAX 0.860 | 0.850 [ 0.850 | 0.860 2.12 2.46 1.77 2.01 2.07 1.77
Explorer 0.870 | 0.870 [ 0.920 | 0.890 2.30 2.10 1.80 2.00 2.10 2.40
110% Load
unit Meas. | Meas. | Power [Efficiency Voltage | Voltage | Voltage | Voltage [ Current | Current [ Current | Current [ Power | Power [ Power | Power
Torque | Speed out Phase A | Phase B [ Phase C| Sum | Phase A | Phase B [ Phase C| Sum | Input A | Input B | Input C | Input
Nm rpm kW %o \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 220.5 | 17783 [ 41.1 93.5 265.6 | 265.1 265.9 | 460.0 63.7 63.9 64.9 64.2 14.6 14.6 14.7 43.9
Weyerhaesuer - - 41.3 93.1 460.7 | 462.6 | 459.7 | 461.0 64.1 63.9 64.8 64.3 - - - 44.4
EMAX - 1778.0 [ 41.8 94.9 263.7 | 264.1 264.8 | 457.6 65.1 64.5 66.1 65.2 14.7 14.5 14.9 44.0
Explorer 219.9 | 1779.6 | 40.9 94.5 263.0 | 2644 [ 2654 | 45738 62.9 62.4 60.5 61.9 14.3 14.2 14.8 43.3
unit Power | Power | Power | Power [THD - V| THD -V | THD- V| THD-I1 | THD-I | THD-I | Temp Temp Temp
Factor A[Factor B|Factor C| Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient| Bearing | Case
pu pu pu pu %o %o %o % % % °C °C °C
MSRF 0.863 | 0.859 [ 0.856 | 0.859 3.59 2.79 3.27 3.50 2.69 2.86 27.8 71.1 55.8
Weyerhaesuer - - - 0.865 - - - 2.30 2.70 2.60
EMAX 0.850 | 0.850 [ 0.850 | 0.850 241 2.76 2.38 2.30 2.59 2.14
Explorer 0.860 | 0.860 [ 0.920 | 0.880 2.60 2.60 2.00 2.30 2.70 2.70
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100% Load
unit Meas. | Meas. | Power [Efficiency Voltage | Voltage | Voltage | Voltage [ Current | Current [ Current | Current [ Power | Power [ Power | Power
Torque | Speed out Phase A | Phase B [ Phase C| Sum [ Phase A | Phase B [ Phase C| Sum | Input A | Input B [ Input C | Input
Nm rpm kW %o \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 200.5 | 17803 [ 374 93.7 265.8 | 2653 [ 2659 | 460.2 58.3 58.3 59.2 58.6 13.3 13.2 13.3 39.9
Weyerhaesuer - - 37.8 93.7 460.5 | 4633 [ 460.3 | 461.3 58.6 58.2 59.3 58.7 - - - 40.3
EMAX - 1779.8 [ 38.0 94.9 264.0 | 2643 [ 2643 | 457.6 59.9 58.6 60.3 59.6 13.5 13.1 13.4 40.0
Explorer 200.2 | 17853 | 374 95.0 263.3 | 2643 [ 2655 | 4579 57.8 56.8 55.5 56.7 13.1 12.9 13.4 39.4
unit Power | Power | Power | Power [THD - V| THD -V | THD- V| THD-I1 | THD-I | THD-I | Temp Temp Temp
Factor A[Factor B|Factor C| Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient| Bearing | Case
pu pu pu pu %o %o %o 4 4 4 °C °C °C
MSRF 0.857 | 0.854 [ 0.849 | 0.853 3.29 2.94 3.28 2.86 2.85 2.54 28.3 69.5 54.5
Weyerhaesuer - - - 0.860 - - - 3.30 3.30 2.90
EMAX 0.850 | 0.850 [ 0.840 | 0.850 2.23 2.67 2.09 2.55 2.87 2.37
Explorer 0.860 | 0.860 [ 0.910 | 0.880 2.60 2.40 2.00 2.50 2.90 2.80
75% Load
unit Meas. | Meas. | Power [Efficiency Voltage | Voltage | Voltage | Voltage [ Current | Current [ Current | Current [ Power | Power | Power | Power
Torque | Speed out Phase A | Phase B [ Phase C| Sum | Phase A | Phase B [ Phase C| Sum | Input A | Input B | Input C | Input
Nm rpm kW %o \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 150.3 | 1786.3 [ 28.1 94.4 2654 | 2655 [ 2655 | 459.8 45.1 44.9 46.4 45.5 10.0 9.8 10.1 29.8
Weyerhaesuer - - 29.4 97.2 460.0 | 463.1 460.2 | 461.1 45.5 44.9 46.6 45.6 - - - 30.2
EMAX - 17859 | 284 94.9 263.1 2644 | 264.7 | 4573 46.2 45.5 47.3 46.4 10.0 9.8 10.2 30.0
Explorer 151.1 | 1782.0 [ 28.2 94.9 262.6 | 2639 [ 2563 | 457.2 44.8 44.0 44.1 44.3 9.8 9.5 10.3 29.7
unit Power | Power | Power | Power [THD - V| THD -V | THD- V| THD-I1 | THD-I | THD-I | Temp Temp Temp
Factor A[Factor B|Factor C| Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient| Bearing | Case
pu pu pu pu 4 %o %o % % % °C °C °C
MSRF 0.832 | 0.818 [ 0.817 | 0.822 3.27 3.07 3.34 3.97 4.16 3.43 28.7 66.1 51.7
Weyerhaesuer - - - 0.830 - - - 4.00 4.80 4.40
EMAX 0.820 | 0.810 [ 0.810 | 0.820 2.37 2.71 2.23 3.46 3.96 3.19
Explorer 0.830 | 0.820 [ 0.880 | 0.850 2.70 2.50 2.10 3.50 3.90 3.60
MSRF Non-Intrusive Motor Efficiency Estimators
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50% Load
unit Meas. | Meas. | Power [Efficiency Voltage | Voltage | Voltage | Voltage [ Current | Current [ Current | Current [ Power | Power [ Power | Power
Torque | Speed out Phase A | Phase B [ Phase C| Sum [ Phase A | Phase B [ Phase C| Sum | Input A | Input B [ Input C | Input
Nm rpm kW %o \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 100.1 | 1791.5 18.8 93.8 266.1 266.0 | 264.8 | 460.1 33.9 32.9 34.7 33.8 6.9 6.4 6.7 20.0
Weyerhaesuer - - 20.5 101.1 460.6 | 4634 [ 4613 | 4618 34.0 32.9 34.7 33.9 - - - 20.3
EMAX - 1791.2 19.0 94.9 263.8 | 263.6 | 2654 | 457.7 34.7 33.3 35.1 34.4 6.9 6.4 6.7 20.1
Explorer 102.3 | 17922 19.2 95.5 263.8 | 2639 [ 266.1 458.3 33.2 32.7 32.6 32.8 6.7 6.3 7.0 20.1
unit Power | Power | Power | Power [THD - V| THD -V | THD- V| THD-I1 | THD-I | THD-I | Temp Temp Temp
Factor A[Factor B|Factor C| Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient| Bearing | Case
pu pu pu pu %o %o %o 4 4 4 °C °C °C
MSRF 0.762 | 0.740 [ 0.727 | 0.743 2.82 3.51 3.38 4.79 5.96 4.18 28.6 57.9 46.4
Weyerhaesuer - - - 0.751 - - - 6.50 7.00 5.10
EMAX 0.760 | 0.730 [ 0.720 | 0.740 2.28 2.63 2.07 4.53 5.35 4.07
Explorer 0.770 | 0.730 [ 0.810 | 0.770 2.50 2.40 2.00 4.60 5.30 4.40
25% Load
unit Meas. | Meas. | Power [Efficiency Voltage | Voltage | Voltage | Voltage [ Current | Current [ Current | Current [ Power | Power | Power | Power
Torque | Speed out Phase A | Phase B [ Phase C| Sum | Phase A | Phase B [ Phase C| Sum | Input A | Input B | Input C | Input
Nm rpm kW %o \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 50.2 1796.2 9.4 90.3 265.6 | 2659 [ 2652 | 460.0 23.6 23.9 25.6 24.3 3.6 3.2 3.7 10.4
Weyerhaesuer - - 10.4 97.0 458.6 | 4633 [ 460.3 | 460.7 23.7 23.7 25.8 24.4 - - - 10.7
EMAX - 1795.6 9.8 94.9 263.7 | 263.7 | 265.1 457.5 24.1 24.1 26.0 24.8 3.6 3.1 3.6 10.3
Explorer 54.0 1796.1 10.1 94.4 2629 | 263.8 [ 2659 | 457.6 23.0 23.7 24.4 23.7 3.5 3.1 4.1 10.7
unit Power | Power | Power | Power [THD - V| THD -V | THD- V| THD-I1 | THD-I | THD-I | Temp Temp Temp
Factor A[Factor B|Factor C| Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient| Bearing | Case
pu pu pu pu 4 %o %o % % % °C °C °C
MSRF 0.573 | 0.504 [ 0.537 | 0.538 2.86 3.62 3.30 6.93 7.74 5.65 28.1 52.3 43.3
Weyerhaesuer - - - 0.548 - - - 7.70 10.20 7.30
EMAX 0.570 | 0.490 [ 0.530 | 0.530 2.51 2.72 2.26 6.62 6.97 547
Explorer 0.590 | 0.490 [ 0.630 | 0.570 2.70 2.40 2.10 6.60 7.00 5.40
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50 hp, voltage sweep 110 to 90%, balanced voltage, 75 % load

unit Voltage | Meas. | Meas. | Power [Efficiency Voltage | Voltage | Voltage | Voltage [ Current | Current [ Current | Current [ Power | Power [ Power | Power
in Torque | Speed out Phase A | Phase B | Phase C| Sum [ Phase A | Phase B [ Phase C| Sum | Input A | Input B [ Input C | Input
% Nm rpm kW % \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 110 150.5 | 1790.2 | 28.22 94.1 202.6 | 2922 | 2922 | 5064 [ 44.36 | 44.05 | 46.66 | 45.01 10.12 9.63 10.25 30.00
Weyerhaesuer 110 - - 29.02 95.5 505.0 | 509.9 [ 506.2 | 507.0 [ 44.66 | 43.89 | 46.79 | 45.12 - - - 30.40
EMAX 110 - 1789.5 | 28.68 94.9 289.9 | 2903 [ 291.5 | 5033 [ 45.57 | 44.63 | 47.66 | 4595 10.28 9.54 10.38 30.20
Explorer 110 151.3 | 1790.3 | 28.40 95.2 288.7 | 290.6 [ 292.6 | 5034 [ 43.30 | 43.80 | 43.30 | 43.50 9.80 9.30 10.60 29.80
unit Target | Power | Power | Power | Power |[THD-V|THD -V |THD-V| THD-I | THD-I | THD-I | Temp Temp Temp
Load |Factor A|Factor B|Factor C| Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient| Bearing | Case
%o pu pu pu pu %o %o 4 4 4 4 °C °C °C
MSRF 75 0.779 | 0.748 | 0.751 0.759 3.09 3.42 3.15 4.73 5.32 4.12 28.4 514 44.6
Weyerhaesuer 75 - - - 0.769 - - - 5.20 5.40 4.50
EMAX 75 0.780 | 0.740 [ 0.750 | 0.750 2.20 245 2.10 443 4.88 3.99
Explorer 75 0.790 | 0.730 [ 0.840 | 0.790 2.60 2.40 2.10 4.60 5.00 4.40
unit Voltage | Meas. | Meas. | Power [Efficiency Voltage | Voltage | Voltage | Voltage [ Current | Current [ Current | Current [ Power | Power | Power | Power
in Torque | Speed out Phase A | Phase B | Phase C| Sum [ Phase A | Phase B [ Phase C| Sum | Input A | Input B [ Input C | Input
% Nm rpm kW % \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 105 150.5 | 1789.0 | 28.20 94.3 278.7 | 279.5 [ 278.6 | 483.1 4445 | 43.64 | 46.85 | 44.97 10.12 9.51 10.26 29.89
Weyerhaesuer 105 - - 29.11 95.8 4819 | 487.6 | 4839 | 4845 | 44.88 | 43.81 47.11 45.27 - - - 30.40
EMAX 105 - 1788.6 | 28.55 94.9 2759 | 277.0 | 278.8 | 480.2 | 45.62 | 4441 47.69 | 4591 10.21 9.50 10.35 30.06
Explorer 105 150.9 | 1789.7 | 28.30 95.3 2755 | 2769 [ 279.1 480.1 4340 | 43.60 [ 43.30 | 43.40 9.90 9.30 10.50 29.70
unit Target | Power | Power | Power | Power |[THD-V|THD -V |THD-V| THD-I | THD-I | THD-I | Temp Temp Temp
Load |Factor A|Factor B|Factor C| Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient| Bearing | Case
K4 pu pu pu pu %o %o % % % % °C °C °C
MSRF 75 0.817 | 0.782 [ 0.783 | 0.794 2.83 3.51 3.17 4.00 4.94 3.66 28.6 51.6 44.6
Weyerhaesuer 75 - - - 0.801 - - - 4.66 4.77 4.62
EMAX 75 0.810 | 0.770 [ 0.780 | 0.790 2.49 2.27 1.97 3.74 4.22 3.33
Explorer 75 0.820 | 0.770 [ 0.870 | 0.820 2.40 2.30 1.90 3.80 4.20 3.90
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unit Voltage | Meas. | Meas. | Power [Efficiency Voltage | Voltage | Voltage | Voltage [ Current | Current [ Current | Current [ Power | Power [ Power | Power
in Torque | Speed out Phase A | Phase B | Phase C| Sum [ Phase A | Phase B [ Phase C| Sum | Input A | Input B [ Input C | Input
% Nm rpm kW % \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 100 150.5 | 1787.9 | 28.18 94.5 265.6 | 2652 | 2655 | 459.8 [ 45.14 | 4470 | 47.04 | 45.62 10.02 9.66 10.14 29.82
Weyerhaesuer 100 - - 29.47 97.0 459.1 463.5 | 459.6 | 460.7 | 4540 [ 44.73 | 47.36 [ 45.83 - - - 30.30
EMAX 100 - 1787.7 | 28.39 94.9 263.0 | 263.6 | 265.1 457.1 46.17 | 45.17 | 47.89 | 4641 10.10 9.55 10.25 29.90
Explorer 100 150.4 | 1788.3 | 28.20 95.3 262.2 | 263.7 [ 265.60 | 457.00 [ 44.00 | 44.50 | 43.70 | 44.10 9.80 0.40 10.30 29.60
unit Target | Power | Power | Power | Power |[THD-V|THD -V |THD-V| THD-I | THD-I | THD-I | Temp Temp Temp
Load |Factor A|Factor B|Factor C| Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient| Bearing | Case
%o pu pu pu pu %o %o 4 4 4 4 °C °C °C
MSRF 75 0.835 | 0.814 [ 0.812 | 0.821 3.25 2.99 3.10 3.60 3.83 3.23 28.7 51.7 44.5
Weyerhaesuer 75 - - - 0.829 - - - 3.98 5.08 4.11
EMAX 75 0.830 | 0.800 [ 0.810 | 0.810 2.38 248 2.00 3.35 3.67 2.95
Explorer 75 0.850 | 0.800 [ 0.890 | 0.850 2.60 2.30 2.00 3.40 3.70 3.6
unit Voltage | Meas. | Meas. | Power [Efficiency Voltage | Voltage | Voltage | Voltage [ Current | Current [ Current | Current [ Power | Power | Power | Power
in Torque | Speed out Phase A | Phase B | Phase C| Sum [ Phase A | Phase B [ Phase C| Sum | Input A | Input B [ Input C | Input
% Nm rpm kW % \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 95 150.6 | 1786.4 | 28.17 94.4 2529 | 251.6 | 2523 | 4369 [ 46.56 | 46.69 | 47.62 | 46.95 9.96 9.89 10.02 29.86
Weyerhaesuer 95 - - 30.24 99.5 437.3 | 440.0 [ 426.8 | 434.7 [ 46.70 | 46.60 | 47.75 | 47.02 - - - 30.20
EMAX 95 - 1785.9 | 28.63 94.9 2499 | 251.0 | 251.3 | 4343 [ 47.89 | 47.50 | 48.66 | 48.02 10.09 9.89 10.17 30.15
Explorer 95 150.1 | 1787.0 | 28.10 95.2 249.8 | 2509 [ 2519 | 4345 [ 4540 | 4640 | 44.20 | 4530 9.70 9.70 10.10 29.50
unit Target | Power | Power | Power | Power |[THD-V|THD -V |THD-V| THD-I | THD-I | THD-I | Temp Temp Temp
Load |Factor A|Factor B|Factor C| Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient| Bearing | Case
%o pu pu pu pu %o %o % % % % °C °C °C
MSRF 75 0.845 | 0.839 [ 0.836 | 0.840 3.37 3.35 3.28 3.39 391 3.10 28.6 51.9 44.4
Weyerhaesuer 75 - - - 0.847 - - - 3.94 4.47 3.70
EMAX 75 0.840 | 0.830 [ 0.830 | 0.830 2.69 2.60 2.30 3.02 3.39 2.95
Explorer 75 0.860 | 0.830 [ 0.910 | 0.860 2.60 2.70 2.30 3.10 3.50 3.50
unit Voltage | Meas. | Meas. | Power [Efficiency Voltage | Voltage | Voltage | Voltage [ Current | Current [ Current | Current [ Power | Power | Power | Power
in Torque | Speed out Phase A | Phase B | Phase C| Sum [ Phase A | Phase B [ Phase C| Sum | Input A | Input B [ Input C | Input
% Nm rpm kW % \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 90 150.6 | 1784.7 | 28.15 94.2 239.1 239.1 238.6 | 413.8 | 48.71 47.70 | 50.08 [ 48.82 10.09 9.70 10.09 29.87
Weyerhaesuer 90 - - 31.49 103.6 | 413.7 | 416.7 | 4139 [ 4148 | 48.75 | 48.20 | 49.94 | 48.96 - - - 30.30
EMAX 90 - 17842 | 28.64 94.9 236.7 | 2372 | 238.8 | 4114 [ 50.04 | 4848 | 51.20 | 49.91 10.22 9.68 10.27 30.16
Explorer 90 149.9 | 1784.0 | 28.00 95.0 236.2 | 2373 | 2393 | 411.5 | 4740 | 47.50 [ 4630 | 47.10 9.80 9.50 10.10 29.50
unit Target | Power | Power | Power | Power |[THD-V|THD -V |THD-V| THD-I | THD-I | THD-I | Temp Temp Temp
Load |Factor A|Factor B|Factor C| Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient| Bearing | Case
%o pu pu pu pu %o %o 4 4 % % °C °C °C
MSRF 75 0.866 | 0.852 [ 0.842 | 0.853 3.16 3.51 3.22 2.83 3.51 2.74 28.7 52.0 44.4
Weyerhaesuer 75 - - - 0.860 - - - 3.44 3.70 3.95
EMAX 75 0.860 | 0.840 [ 0.840 | 0.850 2.55 2.60 2.25 2.66 2.88 2.44
Explorer 75 0.880 | 0.850 [ 0.920 | 0.880 2.70 2.50 2.30 2.80 3.00 3.20
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50 hp, voltage level 460 V, unbalanced voltage, 75 % load 1.25% TARGET ACTUAL- 1.22
unit Voltage | Meas. | Meas. | Power [Efficiency Voltage | Voltage | Voltage | Voltage [ Current | Current [ Current | Current [ Power | Power [ Power | Power
in Torque | Speed out Phase A | Phase B | Phase C| Sum [ Phase A | Phase B [ Phase C| Sum | Input A | Input B [ Input C | Input
% Nm rpm kW % \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 75 150.6 | 1787.8 | 28.20 94.5 458.5 | 465.6 | 4559 | 460.0 43.6 44.04 | 49.51 45.64 9.79 9.18 10.87 29.85
Weyerhaesuer 75 - - 29.49 97.3 458.1 4674 | 459.7 | 461.7 | 43.84 [ 44.07 | 49.63 [ 45.85 - - - 30.30
EMAX 75 - 1787.7 | 28.64 94.9 261.3 | 265.1 265.8 | 4574 | 4491 4490 | 5047 [ 46.76 10.05 9.22 10.89 30.16
Explorer 75 150.2 | 1788.6 | 28.10 95.2 260.7 | 264.8 | 267.0 | 457.6 [ 42.50 | 43.90 | 45.70 | 44.10 9.60 9.00 10.90 29.60
unit Target | Power | Power | Power | Power |[THD-V|THD -V |THD-V| THD-I | THD-I | THD-I | Temp Temp Temp
Load |Factor A|Factor B|Factor C| Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient| Bearing | Case
%o pu pu pu pu %o %o 4 4 4 4 °C °C °C
MSRF 75 0.859 | 0.780 [ 0.819 | 0.820 2.97 3.42 3.00 3.69 4.16 3.58 28.6 52.3 44.7
Weyerhaesuer 75 - - - 0.828 - - - 4.90 4.63 4.00
EMAX 75 0.860 | 0.770 [ 0.810 | 0.810 2.51 242 2.08 3.58 3.42 3.28
Explorer 75 0.870 | 0.780 [ 0.890 | 0.850 2.50 2.20 2.30 3.70 3.50 4.00
2.5% TARGET ACTUAL-  2.59
unit Voltage | Meas. | Meas. | Power [Efficiency Voltage | Voltage | Voltage | Voltage [ Current | Current [ Current | Current [ Power | Power | Power | Power
in Torque | Speed out Phase A | Phase B | Phase C| Sum [ Phase A | Phase B [ Phase C| Sum | Input A | Input B [ Input C | Input
% Nm rpm kW % \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 75 150.5 | 1787.9 | 28.18 94.1 4539 | 472.0 [ 4544 | 460.1 39.41 45.15 | 53.79 [ 45.87 8.91 8.70 12.34 29.95
Weyerhaesuer 75 - - 29.79 98.3 456.3 | 4739 [ 4547 | 461.6 [ 39.66 | 4520 | 54.13 | 46.33 - - - 30.30
EMAX 75 - 1786.8 | 28.60 94.9 257.1 267.8 | 264.1 4574 | 4040 | 4581 54.83 | 47.01 9.25 8.66 12.21 30.12
Explorer 75 149.3 | 1788.3 | 28.00 94.7 256.8 | 267.8 | 267.8 | 4574 [ 38.50 | 4490 | 49.70 | 44.30 8.90 8.50 12.10 29.50
unit Target | Power | Power | Power | Power |[THD-V|THD -V |THD-V| THD-I | THD-I | THD-I | Temp Temp Temp
Load |Factor A|Factor B|Factor C| Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient| Bearing | Case
K4 pu pu pu pu %o %o % % % % °C °C °C
MSRF 75 0.889 | 0.706 [ 0.848 | 0.819 2.97 3.46 3.08 4.21 4.13 4.33 28.8 52.5 44.8
Weyerhaesuer 75 - - - 0.826 - - - 4.96 4.24 4.92
EMAX 75 0.890 | 0.710 [ 0.830 | 0.810 245 2.28 2.23 4.07 3.49 4.18
Explorer 75 0.900 | 0.710 [ 0910 | 0.840 2.60 2.30 2.30 4.20 3.40 5.00
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APPENDIX 10.6.2

APPENDIX 10.6.2
Efficiency Test Date: 06/16/03
tested by: Emmanuel, Aleksandr, Andre
100 hp, rated voltage 460 V, balanced

120% Load
unit Target Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
Load Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | InputB | Input C Input
% Nm rpm kW % \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 120 480.4 1776.9 89.4 94.2 266.2 265.7 264.9 460.0 135.7 134.0 137.4 135.7 31.9 31.8 31.2 94.9
Weyerhaesuer 120 - - 89.9 93.8 - - - 460.7 136.0 134.0 138.3 136.1 - - - 95.8
EMAX 120 - 1776.3 89.2 95.2 265.0 263.3 264.9 457.9 135.0 133.6 137.1 135.2 31.5 30.7 31.5 93.7
Explorer 120 462.2 1776.2 86.0 94.5 263.4 263.7 265.4 457.6 127.7 129.1 125.2 127.3 30.0 29.9 31.0 91.0
unit Target Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
Load | Factor A | Factor B | Factor C| Factor | Phase A | Phase B [ Phase C | Phase A | Phase B | Phase C | Ambient | Bearing Case
4 pu pu pu pu 4 4 %o %o %o %o °C °C °C
MSRF 120 0.883 0.877 0.871 0.877 3.49 3.21 3.64 3.80 3.23 4.00 28.8 76.8 70.1
Weyerhaesuer 120 0.883 5.86 n/a 3.50 3.27 3.26 2.95
EMAX 120 0.880 0.870 0.870 0.870 3.08 3.19 2.71 3.40 3.86 2.98
Explorer 120 0.890 0.880 0.930 0.900 2.90 2.60 2.20 3.60 3.80 3.30
110% Load
unit Target Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
Load Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | InputB | Input C Input
% Nm rpm kW % \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 110 4404 1778.8 82.0 94.4 266.7 266.0 265.3 460.7 123.6 121.7 126.4 123.9 29.3 29.3 28.3 86.9
Weyerhaesuer 110 - - 82.0 93.2 - - - 461.2 123.9 121.2 127.4 124.2 - - - 88.0
EMAX 110 - 1778.0 81.1 95.2 265.6 263.5 264.4 458.1 122.5 120.6 125.4 122.9 28.8 27.7 28.7 85.2
Explorer 110 426.8 1780.6 79.6 94.9 263.3 264.0 265.8 457.9 117.4 118.1 116.1 117.2 27.7 27.3 28.8 83.8
unit Target Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
Load | Factor A | Factor B | Factor C| Factor | Phase A | Phase B [ Phase C | Phase A | Phase B | Phase C | Ambient | Bearing Case
4 pu pu pu pu 4 4 4 %o %o %o °C °C °C
MSRF 110 0.888 0.877 0.871 0.879 3.30 3.45 3.38 4.17 3.70 4.56 28.5 76.6 69.1
Weyerhaesuer 110 - - - 0.884 5.33 - 2.90 3.62 3.67 3.15
EMAX 110 0.880 0.870 0.870 0.870 2.72 2.40 2.37 3.63 3.87 3.20
Explorer 110 0.900 0.880 0.930 0.900 2.80 2.40 2.30 3.70 3.90 3.50
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100% Load
unit Target Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
Load Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | Input B | Input C Input
% Nm rpm kW % \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 100 401.1 1781.3 74.8 94.7 266.3 265.8 265.3 460.4 112.4 110.7 1153 112.8 26.6 26.7 25.7 79.0
Weyerhaesuer 100 - - 744 93.5 - - - 461.5 112.7 110.0 115.3 112.7 - - - 79.6
EMAX 100 - 1780.7 74.5 95.2 265.1 263.9 264.1 457.9 112.5 110.6 115.0 112.7 26.4 25.5 26.3 78.2
Explorer 100 389.7 1782.1 72.7 95.2 263.3 264.0 265.9 457.9 107.3 107.6 106.5 107.2 25.3 24.8 26.3 76.4
unit Target Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
Load | Factor A | Factor B | Factor C| Factor | Phase A | Phase B [ Phase C | Phase A | Phase B | Phase C | Ambient | Bearing Case
4 pu pu pu pu 4 4 4 4 4 4 °C °C °C
MSRF 100 0.888 0.876 0.871 0.878 2.90 3.69 3.38 4.47 4.32 5.36 29.4 73.1 65.6
Weyerhaesuer 100 - - - 0.884 5.77 - 3.20 3.88 4.49 3.42
EMAX 100 0.890 0.870 0.870 0.870 2.97 3.12 2.68 3.74 4.21 3.21
Explorer 100 0.900 0.870 0.930 0.900 2.70 2.40 2.20 3.80 4.10 3.60
75% Load
unit Target Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
Load Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | InputB | Input C Input
% Nm rpm kW % \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 75 300.3 1787.6 56.2 95.6 265.7 266.0 265.8 460.4 84.9 83.2 88.1 85.4 19.8 20.1 18.9 58.8
Weyerhaesuer 75 - - 56.6 95.0 - - - 461.8 85.4 83.0 88.7 85.7 - - - 59.5
EMAX 75 - 1786.8 55.7 95.2 264.3 264.5 264.8 458.1 85.4 83.1 88.5 85.7 19.8 18.8 19.9 58.5
Explorer 75 296.0 1789.3 55.5 95.8 263.3 264.1 266.1 458.3 82.6 81.8 47.5 70.6 19.3 18.4 20.2 57.9
unit Target Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
Load | Factor A | Factor B [ Factor C| Factor | Phase A | Phase B [ Phase C | Phase A | Phase B | Phase C | Ambient | Bearing Case
4 pu pu pu pu 4 4 4 % % % °C °C °C
MSRF 75 0.878 0.856 0.855 0.863 3.78 3.00 3.48 5.95 4.97 5.97 29.4 64.5 57.5
Weyerhaesuer 75 - - - 0.869 5.75 - 2.97 5.15 5.72 4.35
EMAX 75 0.880 0.850 0.860 0.860 3.10 291 291 5.04 5.37 4.29
Explorer 75 0.880 0.850 0.900 0.880 2.90 2.50 2.40 5.20 5.50 4.50

MSRF Non-Intrusive Motor Efficiency Estimators Page 52



APPENDIX 10.6.2

50% Load
unit Target Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
Load Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | Input B | Input C Input
% Nm rpm kW % \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 50 200.4 1792.6 37.6 95.4 265.8 266.1 265.8 460.6 60.0 59.4 63.1 60.8 13.3 13.5 12.6 39.4
Weyerhaesuer 50 - - 36.2 90.9 - - - 462.7 60.5 59.2 63.3 61.0 - - - 39.8
EMAX 50 - 1792.1 36.9 95.2 264.5 263.7 264.7 457.7 59.7 58.8 63.2 60.6 13.1 12.3 13.4 38.7
Explorer 50 200.6 1792.9 37.7 96.0 263.5 264.2 265.8 458.1 58.9 58.8 61.5 59.8 13.0 12.3 13.9 39.2
unit Target Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
Load | Factor A | Factor B | Factor C| Factor | Phase A | Phase B [ Phase C | Phase A | Phase B | Phase C | Ambient | Bearing Case
4 pu pu pu pu 4 4 4 4 4 4 °C °C °C
MSRF 50 0.831 0.798 0.805 0.812 3.31 3.74 3.47 7.59 6.46 8.08 29.2 56.3 50.7
EMAX 50 - - - 0.820 5.88 - 2.92 7.78 7.44 6.26
Weyerhaesuer 50 0.830 0.790 0.800 0.810 3.26 3.02 291 7.25 7.42 6.00
Explorer 50 0.840 0.790 0.850 0.830 3.00 2.60 2.50 7.30 7.50 6.20
25% Load
unit Target Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
Load Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | Input B | Input C Input
% Nm rpm kW % \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 25 100.1 1796.2 18.8 93.4 265.4 265.2 266.0 460.0 37.9 39.1 42.8 39.9 6.8 7.3 6.1 20.2
Weyerhaesuer 25 - - 10.4 50.7 - - - 461.9 38.0 39.3 43.1 40.1 - - 20.5
EMAX 25 - 1795.8 18.6 95.2 264.0 263.9 263.9 457.1 37.3 38.6 42.6 39.5 6.6 5.8 7.1 19.5
Explorer 25 103.1 1795.0 19.4 95.6 262.4 264.0 265.4 457.1 37.3 38.8 42.1 39.4 6.7 5.9 7.8 20.3
unit Target Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
Load | Factor A | Factor B | Factor C | Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient | Bearing Case
4 pu pu pu pu 4 4 4 %o %o %o °C °C °C
MSRF 25 0.675 0.585 0.642 0.634 3.72 3.29 3.36 11.20 8.87 10.86 29.3 48.1 44
Weyerhaesuer 25 - - - 0.642 5.74 - 3.32 10.61 10.46 9.63
EMAX 25 0.670 0.570 0.630 0.620 3.39 2.92 2.90 10.57 10.04 8.20
Explorer 25 0.680 0.570 0.690 0.650 2.80 2.50 2.50 10.30 10.20 8.10
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100 hp, voltage sweep 110 to 90%, balanced voltage, 75 % load

unit Voltage | Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
in Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | Input B | Input C Input
% Nm rpm kW % \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 110 300.5 1790.5 56.3 95.6 292.4 292.3 291.6 506.0 82.2 80.1 86.3 82.8 20.1 18.7 20.2 58.9
Weyerhaesuer 110 - - 54.8 91.8 - - - 506.4 82.5 79.8 86.9 83.1 - - - 59.8
EMAX 110 - 1790.3 55.2 95.2 290.5 289.4 291.0 502.8 82.1 79.5 86.5 82.7 19.8 18.3 20.0 58.0
Explorer 110 296.3 1790.9 55.6 95.8 288.9 290.0 292.2 503.0 80.1 78.9 82.7 80.6 19.4 18.1 20.6 58.0
unit Voltage | Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
in Factor A | Factor B | Factor C| Factor | Phase A | Phase B [ Phase C | Phase A | Phase B | Phase C | Ambient | Bearing Case
4 pu pu pu pu 4 4 4 4 4 4 °C °C °C
MSRF 110 0.834 0.799 0.799 0.811 3.27 3.55 3.46 7.07 7.72 5.84 29.3 49.7 46.9
Weyerhaesuer 110 - - - 0.820 5.28 - 3.30 7.08 7.40 5.42
EMAX 110 0.830 0.790 0.790 0.810 3.20 2.89 2.73 6.74 7.25 541
Explorer 110 0.840 0.790 0.850 0.830 2.90 2.60 2.50 6.80 7.20 5.60
unit Voltage | Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
in Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | Input B | Input C Input
% Nm rpm kW % \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 105 300.0 1789.9 56.2 95.6 279.2 279.4 279.0 483.5 82.6 81.3 86.6 83.5 19.8 18.9 20.1 58.8
Weyerhaesuer 105 - - 54.0 90.9 - - - 485.1 82.9 81.4 81.3 81.9 - - - 59.4
EMAX 105 - 1789.5 55.4 95.2 2717.1 2717.1 277.6 480.2 83.0 81.1 86.9 83.7 19.6 18.6 20.0 58.2
Explorer 105 296.0 1790.4 55.5 95.9 276.2 2774 278.8 480.6 80.5 80.2 82.8 81.2 19.2 18.3 20.4 57.9
unit Voltage | Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
in Factor A | Factor B | Factor C| Factor | Phase A | Phase B [ Phase C | Phase A | Phase B | Phase C | Ambient | Bearing Case
4 pu pu pu pu 4 4 4 4 4 4 °C °C °C
MSRF 105 0.858 0.830 0.832 0.840 3.64 3.32 3.37 6.61 6.71 5.51 29.6 50.8 47.8
Weyerhaesuer 105 0.847 5.40 - 3.44 6.53 6.92 5.44
EMAX 105 0.850 0.830 0.830 0.840 3.19 2.87 2.96 6.00 6.12 4.94
Explorer 105 0.860 0.830 0.880 0.860 2.90 2.50 2.50 6.00 6.30 5.20
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unit Voltage | Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
in Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | Input B | Input C Input
% Nm rpm kW % \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 100 300.3 1788.5 56.2 95.8 265.9 265.8 265.0 459.9 85.0 83.2 88.6 85.6 19.8 18.8 20.1 58.7
Weyerhaesuer 100 - - 55.3 93.1 - - - 460.1 86.3 82.3 82.5 83.7 - - - 59.4
EMAX 100 - 1788.6 54.8 95.2 264.1 261.7 264.5 456.2 84.9 81.1 88.5 84.8 19.7 18.1 19.7 57.5
Explorer 100 295.7 1789.0 55.4 95.8 262.3 262.9 265.50 456.5 83.3 81.4 85.2 83.3 19.4 18.2 20.2 57.8
unit Voltage | Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
in Factor A | Factor B | Factor C| Factor | Phase A | Phase B [ Phase C | Phase A | Phase B | Phase C | Ambient | Bearing Case
4 pu pu pu pu 4 4 %o 4 %o %o °C °C °C
MSRF 100 0.878 0.854 0.852 0.861 3.70 3.30 3.42 6.06 5.15 5.13 29.7 51.2 48.2
Weyerhaesuer 100 - - - 0.861 5.75 - 3.51 543 5.88 4.96
EMAX 100 0.880 0.850 0.840 0.860 3.30 2.90 2.73 5.27 5.62 4.45
Explorer 100 0.890 0.850 0.890 0.880 2.90 2.60 2.60 5.30 5.60 4.70
unit Voltage | Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
in Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | Input B | Input C Input
% Nm rpm kW % \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 95 300.0 1787.2 56.1 95.4 251.6 252.5 253.0 437.1 87.0 87.2 92.5 88.9 19.5 19.0 20.4 58.8
Weyerhaesuer 95 - - 58.8 98.5 - - - 438.4 87.2 87.0 92.8 89.0 - - - 59.6
EMAX 95 - 1786.8 54.6 95.2 250.4 251.0 251.0 4344 85.7 85.6 91.9 87.7 19.0 18.4 20.0 574
Explorer 95 295.0 1788.2 55.3 95.6 249.1 251.0 252.2 434.3 84.4 86.0 88.5 86.3 18.8 18.5 20.4 57.8
unit Voltage | Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
in Factor A | Factor B | Factor C| Factor | Phase A | Phase B [ Phase C | Phase A | Phase B | Phase C | Ambient | Bearing Case
% pu pu pu pu % % % % % % °C °C °C
MSRF 95 0.889 0.860 0.871 0.874 3.72 3.44 3.47 5.60 5.58 4.80 29.4 51.8 48.7
Weyerhaesuer 95 0.880 5.37 - 3.18 5.19 5.40 4.29
EMAX 95 0.890 0.850 0.870 0.870 3.22 3.01 3.07 4.88 4.98 4.26
Explorer 95 0.900 0.860 0.910 0.890 3.00 2.70 2.70 5.00 5.00 4.50
unit Voltage | Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
in Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | Input B | Input C Input
% Nm rpm kW % \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 90 299.8 1785.6 56.1 95.3 239.2 238.9 238.9 414.0 92.5 90.9 96.0 93.1 19.8 19.0 20.0 58.8
Weyerhaesuer 90 - - 58.2 97.8 - - - 415.4 76.4 90.9 96.7 88.1 - - - 59.5
EMAX 90 - 1785.1 54.9 95.2 238.1 236.9 237.6 4114 91.8 89.4 95.8 92.3 19.5 18.5 19.7 57.7
Explorer 90 294.7 1786.3 55.1 95.5 236.3 237.2 239.1 4114 89.7 89.3 91.7 90.2 19.1 18.5 20.1 57.7
unit Voltage | Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
in Factor A | Factor B | Factor C| Factor | Phase A | Phase B [ Phase C | Phase A | Phase B | Phase C | Ambient | Bearing Case
% pu pu pu pu % % %o %o %o %o °C °C °C
MSRF 90 0.893 0.876 0.873 0.881 3.27 4.04 3.49 4.67 5.48 4.51 29.1 52.5 49.3
Weyerhaesuer 90 - - - 0.887 5.65 - 3.23 4.60 4.89 4.10
EMAX 90 0.890 0.870 0.870 0.880 3.45 3.01 3.08 4.47 4.49 3.81
Explorer 90 0.900 0.870 0.920 0.900 3.00 2.70 2.60 4.40 4.50 4.00
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100 hp, voltage level 460 V, unbalanced voltage, 75 % load 1.25% TARGET ACTUAL= 1.7
unit Load Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
in Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | InputB | Input C Input
% Nm rpm kW % \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 75 299.6 1788.5 56.10 95.3 262.2 269.4 268.9 462.2 80.73 81.85 94.29 85.45 19.09 17.88 21.90 58.86
Weyerhaesuer 75 - - 56.60 95.2 - - - 462.8 80.73 82.18 94.32 85.74 - - - 59.44
EMAX 75 - 1787.7 54.53 95.2 260.3 266.8 267.4 458.7 79.68 79.44 93.96 84.36 18.68 17.07 21.50 57.26
Explorer 75 295.3 1789.3 55.30 95.6 261.2 265.9 267.9 459.0 78.50 80.80 90.30 83.20 18.60 17.40 21.80 57.90
unit Load Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
in Factor A | Factor B | Factor C| Factor | Phase A | Phase B [ Phase C | Phase A | Phase B | Phase C | Ambient | Bearing Case
4 pu pu pu pu % % 4 4 % % °C °C °C
MSRF 75 0.901 0.861 0.812 0.860 3.62 3.18 3.21 6.36 6.35 5.08 29.7 53.3 50.0
Weyerhaesuer 75 - - - 0.867 6.07 - 3.01 6.00 6.47 3.90
EMAX 75 0.900 0.810 0.860 0.850 2.99 2.93 2.76 5.35 5.59 4.34
Explorer 75 0.910 0.810 0.900 0.870 2.80 2.50 2.40 5.50 5.60 4.70
2.5% TARGET ACTUAL= 2.6l
unit Load Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
in Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | Input B | Input C Input
% Nm rpm kW % \4 \4 \4 \4 A A A A kW kW kW kW
MSRF 75 299.9 1788.3 56.15 95.4 258.3 268.3 269.1 459.4 78.45 83.15 96.67 85.83 18.42 17.78 22.66 58.86
Weyerhaesuer 75 - - 57.02 96.0 - - - 460.4 78.60 82.83 97.67 86.37 - - - 59.41
EMAX 75 - 1787.7 54.30 95.2 256.3 267.5 266.3 456.2 77.32 79.48 96.21 84.34 17.99 16.77 22.25 57.02
Explorer 75 294.7 1788.7 55.20 95.5 258.5 265.3 266.1 456.1 76.40 82.00 92.40 83.60 18.00 17.30 22.40 57.80
unit Load Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
in Factor A | Factor B | Factor C| Factor | Phase A | Phase B [ Phase C | Phase A | Phase B | Phase C | Ambient | Bearing Case
%o pu pu pu pu %o %o %o %o %o %o °C °C °C
MSRF 75 0.908 0.873 0.794 0.861 3.46 3.18 3.30 6.75 6.62 5.25 30.1 53.5 50.3
Weyerhaesuer 75 - - - 0.868 5.70 - 2.90 5.72 5.67 3.99
EMAX 75 0.910 0.790 0.870 0.860 3.01 2.90 2.57 5.44 5.54 4.14
Explorer 75 0.910 0.800 0.910 0.870 2.70 2.40 2.30 5.50 5.30 4.50
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Efficiency Test Date: 6/20/2003
200 hp, rated voltage 460 V, balanced tested by: Emmanuel, Aleksandr, Andre
unit Target Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
Load Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | InputB Input C Input
%o Nm rpm kW %o \ \ \ \ A A A A kW kW kW kW
MSRF 120 960.4 1782.6 179.3 94.9 265.3 266.4 265.3 460.2 273.5 267.9 277.8 273.0 63.7 63.7 61.6 189.0
Weyerhaesuer 120 - - 180.6 94.6 460.0 462.5 461.1 462.1 274.3 267.3 279.9 273.5 - - - 190.8
EMAX 120 - 1782.4 180.5 96.3 263.5 263.9 264.9 457.4 277.7 266.7 280.7 275.0 63.5 60.5 63.4 187.4
Explorer 120 955.9 1776.3 177.8 94.8 263.0 263.4 265.6 457.3 275.1 268.4 283.8 275.8 62.8 60.5 64.4 167.7
unit Target Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
Load | Factor A | Factor B | Factor C [ Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient | Bearing Case
% pu pu pu pu % % % % % % °C °C °C
MSRF 120 0.877 0.860 0.867 0.868 2.37 3.34 3.26 2.48 2.92 4.01 28.6 73.6 67.4
Weyerhaesuer 120 - - - 0.873 - - - 2.80 3.70 3.00
EMAX 120 0.870 0.860 0.850 0.860 1.60 2.24 1.81 2.74 3.62 2.89
Explorer 120 0.870 0.860 0.850 0.860 2.20 2.30 1.50 2.70 3.70 2.60
unit Target Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
Load Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | InputB Input C Input
%o Nm rpm kW %o \ \ \ \ A A A A kW kW kW kW
MSRF 110 880.1 1784.9 164.5 95.2 265.9 265.5 266.1 460.4 248.6 248.2 251.9 249.6 57.7 57.9 57.3 172.9
Weyerhaesuer 110 - - 165.3 94.7 460.7 462.5 461.4 461.2 250.0 247.6 253.4 250.4 - - - 174.5
EMAX 110 - 1784.2 165.0 96.3 264.5 264.0 264.0 457.5 253.0 246.5 254.5 251.4 57.8 55.9 57.7 171.3
Explorer 110 876.0 1787.6 164.0 95.5 263.5 263.9 265.0 457.5 250.5 248.5 257.0 252.0 57.0 56.1 58.5 171.6
unit Target Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
Load | Factor A | Factor B | Factor C [ Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient | Bearing Case
% pu pu pu pu % % % % % % °C °C °C
MSRF 110 0.872 0.865 0.868 0.868 3.37 3.28 3.15 3.53 3.08 3.37 29.3 75.4 67.6
Weyerhaesuer 110 - - - 0.873 - - - 3.00 3.80 2.80
EMAX 110 0.860 0.860 0.860 0.860 1.64 2.35 1.92 2.79 3.68 3.06
Explorer 110 0.860 0.860 0.860 0.860 2.10 2.20 1.50 2.90 3.80 2.80
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unit Target Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
Load Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | InputB Input C Input
%o Nm rpm kW %o v v v v A A A A kW kW kW kW
MSRF 100 800.5 1786.4 149.7 95.3 266.1 265.4 265.9 460.4 226.1 225.3 230.5 227.3 52.5 52.8 51.8 157.1
Weyerhaesuer 100 - - 150.5 94.7 461.5 462.8 461.6 462.0 226.8 225.6 231.6 228.0 - - - 158.9
EMAX 100 - 1785.1 149.9 96.3 263.8 264.4 264.8 457.8 229.1 224.3 232.5 228.6 52.1 50.8 52.7 155.6
Explorer 100 796.1 1788.9 149.1 95.7 263.3 264.0 265.0 457.5 227.6 225.8 234.8 229.4 51.7 50.8 53.3 155.8
unit Target Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
Load | Factor A | Factor B | Factor C [ Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient | Bearing Case
% pu pu pu pu % % % % % % °C °C °C
MSRF 100 0.872 0.862 0.864 0.866 2.33 3.17 3.22 2.68 2.97 4.34 29.5 74.6 66.0
Weyerhaesuer 100 - - - 0.871 - - - 2.96 4.13 3.08
EMAX 100 0.860 0.860 0.860 0.860 2.05 2.17 1.36 2.85 3.90 2.98
Explorer 100 0.860 0.850 0.860 0.860 2.10 2.10 1.30 2.90 4.00 2.70
unit Target Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
Load Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | InputB Input C Input
%o Nm rpm kW %o v \ \ v A A A A kW kW kW kW
MSRF 75 600.5 1790.4 112.6 95.7 266.0 265.7 266.0 460.5 173.2 172.7 177.6 174.5 39.3 39.7 38.6 117.7
Weyerhaesuer 75 - - 115.6 97.1 461.2 463.2 461.0 461.8 173.6 172.4 178.9 175.1 - - - 119.1
EMAX 75 - 1790.3 112.5 96.3 264.4 264.0 264.2 457.6 176.6 171.8 179.9 176.1 39.4 37.7 39.7 116.8
Explorer 75 597.3 1785.3 111.7 95.6 263.6 264.2 265.4 457.9 174.2 172.9 181.4 176.2 38.8 37.8 40.2 116.8
unit Target Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
Load | Factor A | Factor B | Factor C [ Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient | Bearing Case
% pu pu pu pu % % % % % % °C °C °C
MSRF 75 0.853 0.841 0.841 0.845 2.60 3.18 3.15 3.67 3.73 4.97 29.1 68.7 60.0
Weyerhaesuer 75 - - - 0.851 - - - 3.80 4.63 3.61
EMAX 75 0.840 0.830 0.830 0.840 2.17 2.20 1.69 3.66 4.66 3.81
Explorer 75 0.840 0.830 0.830 0.840 2.20 2.10 1.50 3.60 4.70 3.30
MSRF
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unit Target Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
Load Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | InputB Input C Input
%o Nm rpm kW %o v v \ v A A A A kW kW kW kW
MSRF 50 399.9 1794.0 75.1 95.2 266.5 265.3 266.4 460.8 126.3 125.4 127.9 126.6 26.5 26.4 26.1 78.9
Weyerhaesuer 50 - - 77.4 96.6 462.9 463.4 462.2 462.8 126.3 125.8 128.3 127.0 - - - 80.1
EMAX 50 - 1793.9 74.9 96.3 264.5 264.5 264.9 458.3 127.9 124.8 128.8 127.2 26.2 25.4 26.2 77.7
Explorer 50 398.7 1790.2 74.7 95.8 264.2 264.3 265.2 458.2 127.1 125.8 130.4 127.6 26.0 25.4 26.6 78.0
unit Target Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
Load | Factor A | Factor B | Factor C [ Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient [ Bearing Case
% pu pu pu pu % % % % % % °C °C °C
MSRF 50 0.787 0.776 0.780 0.781 3.22 2.56 3.22 4.59 4.84 6.03 28.9 62.6 54.9
Weyerhaesuer 50 - - - 0.786 - - - 5.20 6.10 5.30
EMAX 50 0.770 0.770 0.770 0.770 1.63 2.48 1.96 4.40 6.25 4.74
Explorer 50 0.780 0.760 0.770 0.770 2.30 2.30 1.50 4.60 6.40 4.40
unit Target Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
Load Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | InputB Input C Input
% Nm rpm kW %o \ \ \ \ A A A A kW kW kW kW
MSRF 25 200.5 1796.9 37.7 92.9 266.2 266.0 265.5 460.6 86.8 85.3 89.1 87.0 14.0 13.6 13.0 40.6
Weyerhaesuer 25 - - 31.0 89.9 460.6 461.9 461.1 461.5 86.7 85.4 89.7 87.2 - - - 41.4
EMAX 25 - 1796.5 38.0 96.3 264.7 264.2 264.3 457.9 87.8 84.5 89.9 87.4 13.7 12.5 13.3 39.5
Explorer 25 200.6 1796.1 37.7 95.0 263.8 263.8 265.3 457.8 87.1 85.3 91.0 87.8 13.6 12.5 13.6 39.7
unit Target Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
Load | Factor A | Factor B | Factor C [ Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient | Bearing Case
% pu pu pu pu % % % % % % °C °C °C
MSRF 25 0.605 0.573 0.575 0.584 2.63 3.17 3.10 6.24 6.19 8.08 28.3 55.9 49.6
Weyerhaesuer 25 - - - 0.594 - - - 6.50 7.50 6.60
EMAX 25 0.590 0.560 0.560 0.570 1.80 2.34 1.74 5.94 6.79 5.97
Explorer 25 0.590 0.550 0.560 0.570 2.10 2.00 1.50 6.00 7.70 5.60
MSRF
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200 hp, voltage sweep 110 to 90%, balanced voltage, 75 % load

unit Voltage Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
in Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | InputB Input C Input
%o Nm rpm kW %o \ \ \ \ A A A A kW kW kW kW
MSRF 110 600.5 1792.6 112.7 95.5 292.7 292.1 292.3 506.4 171.1 169.6 173.9 171.5 39.7 38.8 39.5 118.0
Weyerhaesuer 110 - - 113.6 95.1 507.9 508.8 508.2 507.9 171.6 169.5 174.8 172.0 - - - 119.4
EMAX 110 - 1793.9 112.3 96.3 290.3 289.9 291.1 503.0 173.6 168.9 176.0 172.9 39.4 37.7 39.5 116.6
Explorer 110 592.6 1793.4 111.3 95.9 289.6 290.3 291.6 503.1 172.2 169.7 177.7 173.2 38.8 37.6 39.7 116.1
unit Target Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
Load | Factor A | Factor B | Factor C [ Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient | Bearing Case
% pu pu pu pu % % % % % % °C °C °C
MSRF 75 0.792 0.782 0.778 0.784 2.86 3.11 3.13 4.59 5.50 4.54 28.7 53.6 50.1
Weyerhaesuer 75 - - - 0.791 - - - 4.50 5.20 4.50
EMAX 75 0.780 0.770 0.770 0.770 2.00 2.11 1.68 4.46 5.13 4.33
Explorer 75 0.780 0.760 0.770 0.770 2.10 1.90 1.70 4.50 5.20 4.10
unit Voltage Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
in Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | InputB Input C Input
%o Nm rpm kW %o \ \ \ \ A A A A kW kW kW kW
MSRF 105 600.5 1791.9 112.7 95.7 279.2 278.5 278.5 482.8 171.3 170.9 173.3 171.8 39.4 39.0 39.3 117.7
Weyerhaesuer 105 - - 113.6 95.4 484.3 484.0 482.3 484.4 172.4 170.6 173.5 172.1 - - - 119.1
EMAX 105 - 1793.9 112.0 96.3 277.3 276.8 276.6 479.6 174.1 169.6 175.1 172.9 39.3 37.9 39.1 116.3
Explorer 105 594.9 1792.8 111.7 96.0 276.4 276.8 277.8 479.8 172.5 171.0 176.8 173.4 38.7 38.0 39.6 116.3
unit Target Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
Load | Factor A | Factor B | Factor C [ Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient | Bearing Case
% pu pu pu pu % % % % % % °C °C °C
MSRF 75 0.824 0.818 0.815 0.819 2.41 3.37 3.14 3.96 5.27 4.07 28.6 53.6 50.4
Weyerhaesuer 75 - - - 0.825 - - - 4.10 4.20 4.30
EMAX 75 0.810 0.810 0.810 0.810 1.87 2.24 1.81 4.10 4.80 4.17
Explorer 75 0.810 0.800 0.810 0.810 2.10 2.00 1.70 4.10 4.80 3.70
unit Voltage Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
in Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | InputB Input C Input
%o Nm rpm kW %o v v \ \ A A A A kW kW kW kW
MSRF 100 600.5 1791.4 112.7 95.7 265.9 265.7 265.7 460.3 175.2 172.7 177.9 175.2 39.6 38.6 39.5 117.7
Weyerhaesuer 100 - - 115.9 97.3 460.9 462.4 461.9 461.2 175.9 172.3 178.8 175.6 - - - 119.1
EMAX 100 - 1793.6 112.4 96.3 263.9 264.1 264.2 457.4 178.2 172.3 179.7 176.7 39.5 37.9 39.3 116.7
Explorer 100 596.5 1791.9 111.9 96.0 263.4 263.7 265.10 | 457.40 176.3 172.9 181.4 176.9 39.0 37.7 39.8 116.6
unit Target Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
Load | Factor A | Factor B | Factor C [ Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient | Bearing Case
% pu pu pu pu % % % % % % °C °C °C
MSRF 75 0.850 0.840 0.835 0.842 2.77 3.22 3.16 3.98 4.95 3.80 29.0 53.6 50.4
Weyerhaesuer 75 - - - 0.848 - - - 4.00 4.70 3.70
EMAX 75 0.840 0.830 0.830 0.830 2.07 2.26 1.82 4.14 4.68 3.85
Explorer 75 0.840 0.830 0.830 0.830 2.20 2.10 1.80 4.00 4.70 3.5
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unit Voltage Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
in Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | InputB Input C Input
%o Nm rpm kW %o \ \ v \ A A A A kW kW kW kW
MSRF 95 601.6 1790.1 112.8 95.8 252.3 251.9 252.8 437.1 178.6 181.6 183.6 181.3 38.8 39.1 39.8 117.7
Weyerhaesuer 95 - - 119.9 101.0 438.6 439.1 438.1 438.1 179.3 181.5 184.3 181.6 - - - 118.7
EMAX 95 - - 111.9 96.3 250.2 251.1 250.8 434.2 180.7 180.6 184.5 181.9 38.4 38.3 39.5 116.2
Explorer 95 597.7 1790.9 112.1 96.0 249.9 250.8 251.2 434.1 179.9 182.0 187.1 183.0 38.3 38.4 40.1 116.8
unit Target Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
Load | Factor A | Factor B | Factor C [ Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient [ Bearing Case
% pu pu pu pu % % % % % % °C °C °C
MSRF 75 0.861 0.852 0.859 0.857 3.03 3.39 3.03 3.35 4.55 3.33 29.5 53.7 50.4
Weyerhaesuer 75 - - - 0.863 - - - 3.90 4.20 3.50
EMAX 75 0.850 0.840 0.850 0.850 1.90 2.24 1.78 3.65 4.06 3.41
Explorer 75 0.850 0.840 0.850 0.850 2.20 2.00 1.70 3.70 4.10 3.00
unit Voltage Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
in Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | InputB Input C Input
%o Nm rpm kW %o \ \ \ \ A A A A kW kW kW kW
MSRF 90 600.5 1788.5 112.5 95.6 238.9 239.1 239.4 414.2 187.4 188.3 191.7 189.1 39.1 38.9 39.7 117.7
Weyerhaesuer 90 - - 125.4 105.4 415.1 416.2 413.9 415.1 187.6 188.7 192.3 189.9 - - - 118.9
EMAX 90 - - 112.4 96.3 237.8 237.6 237.9 411.8 190.3 187.4 193.6 190.4 39.0 38.0 39.6 116.6
Explorer 90 597.7 1789.8 112.0 95.9 236.8 237.5 238.3 411.4 188.6 188.5 195.4 190.8 38.6 38.2 40.1 116.8
unit Target Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
Load | Factor A | Factor B | Factor C [ Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient | Bearing Case
% pu pu pu pu % % % % % % °C °C °C
MSRF 75 0.872 0.863 0.866 0.867 2.96 2.87 3.11 3.56 3.88 3.14 29.4 53.9 50.5
Weyerhaesuer 75 - - - 0.872 - - - 3.50 3.60 3.30
EMAX 75 0.860 0.850 0.860 0.860 2.04 2.18 1.80 3.37 3.67 2.95
Explorer 75 0.860 0.850 0.860 0.860 2.10 1.90 1.60 3.30 3.70 2.70
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200 hp, voltage level 460 V, unbalanced voltage, 75 % load 1.25% TARGET ACTUAL- 1.24
unit Voltage Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
in Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | InputB Input C Input
%o Nm rpm kW %o \ \ \ \ A A A A kW kW kW kW
MSRF 75 601.1 1791.2 112.7 95.7 457.7 466.0 457.1 460.3 162.7 172.7 191.6 175.4 37.1 36.5 44.1 117.8
Weyerhaesuer 75 - - 116.3 97.7 458.8 467.0 458.0 461.4 163.5 172.2 192.5 176.1 - - - 119.0
EMAX 75 - 1793.9 112.2 96.3 260.8 265.7 265.4 457.1 163.8 172.2 194.9 176.9 37.1 35.8 43.5 116.4
Explorer 75 596.2 1791.6 111.9 96.0 260.3 265.3 266.0 457.1 163.7 172.9 195.1 177.2 37.1 35.8 43.7 116.6
unit Target Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
Load | Factor A | Factor B | Factor C [ Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient | Bearing Case
% pu pu pu pu % % % % % % °C °C °C
MSRF 75 0.878 0.787 0.856 0.842 2.97 2.79 3.05 4.35 4.64 3.49 29.4 54.1 50.7
Weyerhaesuer 75 - - - 0.848 - - - 4.10 4.50 3.30
EMAX 75 0.870 0.780 0.840 0.830 1.96 2.20 1.70 4.33 4.68 3.29
Explorer 75 0.870 0.780 0.840 0.830 2.10 2.00 1.60 4.20 4.70 3.10
2.5% TARGET ACTUAL= 2.3
unit Voltage Meas. Meas. Power |Efficiency| Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power Power Power Power
in Torque Speed out Phase A | Phase B | Phase C Sum Phase A | Phase B | Phase C Sum Input A | InputB Input C Input
%o Nm rpm kW %o v \ v v A A A A kW kW kW kW
MSRF 75 600.5 1791.9 112.7 95.5 455.4 470.5 454.2 460.0 153.4 171.2 206.3 176.0 35.5 34.0 48.6 118.0
Weyerhaesuer 75 - - 117.2 97.7 457.1 471.6 456.0 460.7 153.7 171.8 207.6 177.5 - - - 119.4
EMAX 75 - 1793.9 112.7 96.3 258.1 266.8 267.2 457.3 155.0 169.6 209.7 178.1 36.1 33.4 47.5 117.0
Explorer 75 596.3 1791.9 111.9 95.8 257.2 266.2 267.5 456.7 154.7 171.5 209.6 178.6 35.9 33.4 47.6 116.9
unit Target Power Power Power Power | THD-V | THD-V | THD-V | THD-I THD-I THD-I Temp Temp Temp
Load | Factor A | Factor B | Factor C [ Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C | Ambient [ Bearing Case
% pu pu pu pu % % % % % % °C °C °C
MSRF 75 0.910 0.732 0.866 0.841 2.93 2.87 2.96 4.84 4.75 3.49 28.9 54.2 50.8
Weyerhaesuer 75 - - - 0.848 - - - 4.80 4.90 3.20
EMAX 75 0.900 0.740 0.850 0.830 1.94 2.14 1.76 4.78 4.79 3.35
Explorer 75 0.900 0.730 0.850 0.830 2.10 2.00 1.70 4.80 4.80 3.20
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APPENDIX 10.7
Field Test in Weyerhaeuser Springfield Mill July 8th, 2003
50 Hp
unit Meas. | Meas. | Power |Efficiency] Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power | Power | Power | Power
Torque | Speed out Phase A | Phase B | Phase C| Sum [ Phase A | Phase B | Phase C| Sum | Input A | Input B | Input C | Input
Nm rpm kW % \4 \4 \4 \4 A A A A kW kW kW kW
Weyerhaeuser 27.7 90.5 43.0 43.7 44.2 43.6 30.6
28.0 92.3 44.1 44.1 44.1 44.1 30.3
28.0 93.9 480.4 43.6 44.4 44.3 44.1 29.8
PDMA 17833 | 26.2 94.5 275.3 276.3 2753 | 4774 36.0 35.8 35.6 35.8 9.2 9.2 9.2 27.7
1782.4 | 28.5 94.5 275.3 275.3 2744 | 4763 40.3 40.0 39.7 40.0 10.1 10.1 10.0 30.2
Baker 144.1 | 1779.5 | 269 91.8 275.0 274.7 275.0 | 476.1 43.3 43.8 41.5 42.9 9.7 9.8 9.8 29.2
148.7 | 1780.5 | 27.7 91.8 275.5 275.3 275.7 | 4772 444 449 42.5 44.0 10.0 10.1 10.1 30.2
144.2 | 1780.3 | 26.9 91.9 273.9 273.7 274.0 | 4744 43.4 43.9 41.6 43.0 9.7 9.8 9.8 29.3
unit Power | Power | Power | Power | THD - V| THD -V | THD-V | THD-I1 | THD-I | THD-I
Factor A| Factor B |Factor C| Factor | Phase A | Phase B | Phase C [ Phase A | Phase B | Phase C
pu pu pu pu % % % % % %
Weyerhaeuser 0.828
0.826
0.825
PDMA 0.930 | 0.930 | 0.940 | 0.930 2.76 2.66 2.74 4.95 4.97 4.96
0.910 | 0.910 | 0920 | 0.910 2.83 2.74 2.83 4.59 4.71 4.51
Baker 0.810 | 0.810 | 0.860 | 0.830 2.7 2.7 2.7 4.1 4.1 4.0
0.820 | 0.820 | 0.860 | 0.830 2.8 2.8 2.8 44 44 4.3
0.810 | 0.810 | 0.860 | 0.830 2.6 2.6 2.6 4.2 4.1 4.1
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100 hp
unit Meas. | Meas. | Power |Efficiency] Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power | Power | Power | Power
Torque | Speed out Phase A | Phase B | Phase C| Sum [ Phase A | Phase B | Phase C| Sum | Input A | Input B | Input C | Input
Nm pm kW % \4 \4 \4 \4 A A A A kW kW kW kW
Weyerhaeuser 45.3 96.5 465.0 68.0 69.3 68.7 46.9
45.4 96.4 473.0 68.2 69.3 68.8 47.0
45.4 96.6 474.0 68.3 69.5 68.9 47.0
PDMA 1790.3 [ 434 95.6 271.6 272.0 270.8 | 470.2 67.8 66.4 67.9 67.4 15.1 14.9 15.4 45.4
1790.3 [ 434 95.6 271.2 270.3 2699 | 468.4 68.1 66.5 68.2 67.6 15.2 14.8 154 454
Baker 2289 | 17922 [ 43.0 94.4 273.1 271.3 2719 | 4713 66.8 63.4 68.1 66.1 14.9 15.3 15.3 45.5
228.7 | 1789.5 [ 429 94.2 2714 269.6 270.2 | 468.3 67.0 63.5 68.2 66.2 14.9 15.3 15.2 45.5
unit Power | Power | Power | Power (THD -V |THD -V | THD-V | THD-I | THD-I | THD-I
Factor A| Factor B |Factor C| Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C
pu pu pu pu % % % % % %
Weyerhaeuser 0.834
0.834
0.834
PDMA 0.820 | 0.820 | 0.840 | 0.830 2.73 2.62 271 4.39 441 4.34
0.820 | 0.830 | 0.840 | 0.830 2.51 241 241 3.77 3.95 3.88
Baker 0.820 | 0.890 | 0.820 | 0.840 2.40 2.30 2.30 3.80 3.90 4.10
0.820 | 0.890 | 0.830 | 0.850 2.20 0.20 2.20 3.60 3.60 3.90
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200 hp
unit Meas. | Meas. | Power |Efficiency] Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power | Power | Power | Power
Torque | Speed out Phase A | Phase B | Phase C| Sum [ Phase A | Phase B | Phase C| Sum | Input A | Input B | Input C | Input
Nm pm kW % \4 \4 \4 \4 A A A A kW kW kW kW
Weyerhaeuser 109.0 95.5 465.0 157.4 160.0 160.5 159.3 114.2
109.4 95.6 466.0 157.8 160.4 161.2 159.8 114.4
109.5 95.5 466.7 157.9 160.6 161.3 159.9 114.6
PDMA 1788.6 [ 106.4 96.1 266.7 267.1 2673 | 462.6 154.9 158.9 155.9 156.6 36.0 38.0 36.6 110.6
1788.6 [ 106.2 96.1 2674 267.7 267.6 | 463.5 154.5 158.6 155.6 156.2 36.0 37.9 36.5 110.4
Baker 566.2 | 1787.3 [ 106.0 96.0 267.9 266.0 266.7 | 462.2 157.8 159.2 160.0 159.0 36.6 36.5 373 110.4
567.2 | 1790.1 | 106.3 96.2 267.7 265.7 266.5 | 461.9 158.2 159.5 160.3 159.3 36.6 36.5 374 110.5
568.2 | 1788.9 [ 106.4 96.1 269.0 267.1 267.8 | 464.1 157.9 159.2 159.9 159.0 36.7 36.6 374 110.7
unit Power | Power | Power | Power (THD -V |THD -V | THD-V | THD-I | THD-I | THD-I
Factor A| Factor B |Factor C| Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C
pu pu pu pu % % % % % %
Weyerhaeuser 0.889
0.889
0.880
PDMA 0.870 | 0.890 | 0.880 | 0.880 3.08 3.04 3.04 4.15 4.13 3.96
0.870 | 0.890 | 0.880 | 0.880 2.93 2.93 2.97 4.33 4.37 4.29
Baker 0.860 | 0.860 | 0.870 | 0.870 3.00 3.00 3.00 4.20 4.20 4.10
0.860 | 0.860 | 0.870 | 0.870 3.40 3.30 3.30 5.00 5.10 5.00
0.860 | 0.860 | 0.870 | 0.870 2.90 2.90 2.90 4.30 4.30 4.30
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200 hp old
unit Meas. | Meas. | Power |Efficiency] Voltage | Voltage | Voltage | Voltage | Current | Current | Current | Current | Power | Power | Power | Power
Torque | Speed out Phase A | Phase B | Phase C| Sum [ Phase A | Phase B | Phase C| Sum | Input A | Input B | Input C | Input
Nm pm kW % \4 \4 \4 \4 A A A A kW kW kW kW
Weyerhaeuser 110.3 82.3 480.6 179.4 178.2 174.8 177.5 134.1
110.4 82.3 481.6 178.3 179.0 175.4 177.6 134.2
110.6 82.3 481.6 178.7 179.5 175.5 177.9 134.4
PDMA 1878.7 [ 119.2 90.6 275.1 275.6 2743 | 4763 177.8 180.2 173.3 177.1 43.6 44.7 432 131.5
1787.7 | 118.7 90.6 275.1 274.7 2739 | 475.6 177.4 179.2 173.6 176.7 43.6 44.2 43.2 131.0
Baker 665.4 [ 1786.5 | 124.5 95.3 278.5 278.2 2784 | 482.2 178.2 179.5 170.7 176.1 43.7 44.5 42.4 130.6
666.4 [ 1786.5 | 124.7 95.4 278.4 278.0 2784 | 482.0 178.5 179.6 171.0 176.4 43.8 44.5 42.5 130.7
unit Power | Power | Power | Power (THD -V |THD -V | THD-V | THD-I | THD-I | THD-I
Factor A| Factor B |Factor C| Factor | Phase A | Phase B | Phase C | Phase A | Phase B | Phase C
pu pu pu pu % % % % % %
Weyerhaeuser 0.904
0.904
0.904
PDMA 0.890 | 0.900 [ 0.910 | 0.900 3.50 3.50 3.49 5.48 5.51 5.46
0.890 | 0.900 | 0.910 | 0.900 3.44 3.44 3.56 5.60 545 5.44
Baker 0.880 | 0.890 | 0.890 | 0.890 3.60 3.70 3.70 6.00 5.90 6.40
0.880 | 0.890 | 0.890 | 0.890 3.50 3.60 3.60 5.90 5.80 6.20
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THE MOTOR SYSTEMS RESOURSE FACILITY (MSRF)

2 U, An EPRI/BPA Center at OSU

S Oregon State University Corvallis, Oregon 97331-3211
oreoon Phone(541)737-1867 Fax(541)737-0771

STATE http://www.ece.orst.edu/~msrf

UNIVERSITY

| Date:|  06/25/03]

IEEE Std 112-1991 Form A

Method A: Input - Output Test of Induction Machine

Manufacturer:[Siemens Hp:[50
Model No:|RGZEESDX Volts:[460
Serial No:|0 Frequency:|60
Type:|0 FL RPM|1780
Time rating:|0 FLA:|58
Design: (B FL PF:|0
Frame:|326T Nom. Eff:[94.5
L. R. Code: Phases:|3
Service Factor:|1.15 Ambient °C|[40
Ins. Class|F
Test point(Motoring)(Generating) 1 2 3 4 5 6
(t)Stator Winding Temp, in C 103.9 95.2 80.9 63.0 52.6 46.3
Ambient Temperature, in C 26.9 27.5 26.2 27.8 28.3 28.7
Frequency, in Hz 60 60 60 60 60 60
Observed slip, in r/min 25.1 21.4 18.6 12.3 79 4.0
Corrected slip, in r/min 23.3 20.4 18.5 13.0 8.6 4.5
Speed, in r/min 1774.9 1778.6 1781.4 1787.7 1792.1 1796.0
Torque, in Nm 240.5 220.1 199.9 149.3 98.9 49.8
(3)Shaft Power, in W 44709.9 40985.9 37285.5 27945.3 18569.4 9368.4
Line Current, in A 69.8 64.0 58.4 45.2 33.7 24.4
Power Factor, in pu 0.863 0.859 0.853 0.816 0.737 0.530
Stator Power, in kW 48.040 43.830 39.730 29.610 19.812 10.310
(a)Stator I**R Loss, In W, at (t,) °C 1072.4 901.7 752.6 450.4 250.6 131.2
(b)Stator I*R Loss, In W, at (t,) °C 1155.1 946.3 755.4 426.6 229.0 117.3
(4)Stator Power correction=(a)-(b) -82.7 -44.6 -2.9 23.8 21.6 13.9
(5)Corrected Stator Power, in W 47957.3 43785.4 39727.1 29633.8 19833.6 10323.9
Efficiency, in % 93.23 93.61 93.85 94.30 93.63 90.74
Summary of Characteristics
Load, in % rated 119.9 109.9 100.0 74.9 49.8 25.1
Power Factor, in pu 0.863 0.859 0.853 0.816 0.737 0.5
Efficiency, in % 93.23 93.61 93.85 94.30 93.63 90.7
Line Current, in A 69.8 64.0 58.4 45.2 33.7 24.4
(3)Shaft Power, in hp 64.397 58.753 53.257 39.692 26.558 13.820
Bearing Temperature, °C 77.80 73.66 65.10 52.56 46.12 42.39
Bearing Temp Rise above amb , °C 50.90 46.18 38.90 24.80 17.86 13.72
Winding Temp Rise,°C 77.0 67.7 54.7 35.2 24.4 17.6
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OREGON
STATE

UNIVERSITY

Oregon State University
Phone(541)737-1867
http://www.ece.orst.edu/~msrf

THE MOTOR SYSTEMS RESOURSE FACILITY (MSRF)
An EPRI/BPA Center at OSU
Corvallis, Oregon 97331-3211 g

Fax(541)737-0771

APPENDIX 10.8 - SOHP

{©

Date: 06/25/03
IEEE Std 112-1991 Form B
Method B: Calculation Form for Input-Output Test of Induction Machine With
Segregation of Losses and Smoothing of Stray- Load Loss
Manufacturer: |Siemens Hp: |50
Model No: [RGZEESDX Volts: 1460
Serial No: [0 Freq: |60
Type: |0 FL RPM: {1780
Time rating: |0 FLA: |58
Design: |B FL PF: |0
Frame: [326T Nom. Eff: |94.5
L. R. Code: Phases: |3
Service Factor: |1.15 T Amb,°C|40
Ins. Class:|F
Item|Description (Motor.)/(Gener.) 1 2 3 4 5 6
1 |Ambient Temperature, in °C 26.9 27.5 26.2 27.8 28.3 28.7
2 |(t) Stator Winding Temp., in °C 103.90 95.20 80.87 62.98 52.64 46.30
3 |Slip, in r/min 25.1 21.4 18.6 12.3 7.9 4.0
4 |Speed, in r/min 1774.9 1778.6 1781.4 1787.7 1792.1 1796.0
5 |Line-to-Line Voltage, in V 460.5 460.2 460.0 463.9 460.2 460.0
6 |Line Current, in A 69.76 63.97 58.44 45.21 33.72 24.40
7 |Stator Power, in kW 48.040 43.830 39.730 29.610 19.812 10.310
8 |Core Loss, in W 419.4 418.8 418.5 425.6 418.8 418.5
9 |Stator I'R Loss, In W, at (t,) °C 1155.1 946.3 755.4 426.6 229.0 117.3
10 |Power Across Air Gap, in W 46465.6 | 42464.9 | 38556.1 | 28757.9 | 19164.2 9774.3
11 |Rotor I"2*R Loss, in W 647.9 505.6 398.4 196.5 84.1 21.7
12 |Friction and Windage Loss, in W 128.9 128.9 128.9 128.9 128.9 128.9
13 |Total Conventional Loss, in W 2351.3 1999.6 1701.2 1177.6 860.9 686.4
14 |Torque, in Nm 240.54 220.05 199.87 149.27 98.95 49.81
15 |Shaft Power, in W 44709.9 | 40985.9 | 37285.5 | 27945.3 | 18569.4 9368.4
16 |Apparent Total Loss, in W 3330.1 2844.1 2444.5 1664.7 1242.6 941.6
17 |Stray-Load Loss, in W 978.9 844.5 743.2 487.1 381.7 255.3
te- 79.7 Rs= 0.147
18 |Stator IR Loss, in W, at (ts) C 1072.4 901.7 752.6 450.4 250.6 131.2
19 |Corr. Power Acr. Air Gap, in W 46548.3 | 42509.4 | 38559.0 | 28734.0 | 19142.6 9760.4
20 |Corrected Slip, in r/min 23.3 20.4 18.5 13.0 8.6 4.5
21 |Corrected Speed, in r/min 1776.7 1779.6 1781.5 1787.0 1791.4 1795.5
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22 [Rotor IR Loss, in W, at (t,) C 602.6 482.3 396.9 207.4 91.9 24.3
23 |Corrected Stray-Load Loss, in W 740.9 620.1 511.5 285.3 125.4 31.8
24 |Corrected Total Loss, in W 2964.2 2551.8 2208.4 1497.6 1015.6 734.6
25 [Corrected Shaft PovX 45075.8 | 41278.2 | 37521.6 | 28112.4 | 18796.4 9575.4
26 [Shaft Power, in hp 60.423 55.333 50.297 37.684 25.196 12.836
27 |Efficiency, in % 93.83 94.18 94.44 94.94 94.87 92.87
28 |Power Factor, in pu 0.863 0.860 0.853 0.815 0.737 0.530
Summary of Characteristics
Load, in % rated 1.208 1.107 1.006 0.754 0.504 0.257
Power Factor, in pu 0.863 0.860 0.853 0.815 0.737 0.530
Efficiency, in % 93.83 94.18 94.44 94.94 94.87 92.87
Speed, in r/min 1776.7 1779.6 1781.5 1787.0 1791.4 1795.5
Line Current, in A 69.76 63.97 58.44 45.21 33.72 24.40
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THE MOTOR SYSTEMS RESOURSE FACILITY (MSRF)

2 U, An EPRI/BPA Center at OSU

S Oregon State University Corvallis, Oregon 97331-3211
oreoon Phone(541)737-1867 Fax(541)737-0771

STATE http://www.ece.orst.edu/~msrf

UNIVERSITY

[ Date:[05/31/03 |

IEEE Std 112-1991 Form A

Method A: Input - Output Test of Induction Machine

Manufacturer:[Siemens Hp:[{100
Model No:|RGZEESDX Volts: (460
Serial No:|CC032A Frequency:|60
Type:|0 FL RPM|1780
Time rating:|0 FLA:|113
Design: (B FL PF:|0
Frame:|405T Nom. Eff:|95.4
L. R. Code: Phases:|3
Service Factor:|1.15 Ambient °C|0
Ins. Class|0
Test point(Motoring)(Generating) 1 2 3 4 5 6
(t)Stator Winding Temp, in C 127.5 116.3 100.4 72.0 57.0 48.4
Ambient Temperature, in C 28.4 30.4 32.7 29.4 30.4 30.4
Frequency, in Hz 60 60 60 60 60 60
Observed slip, in r/min 24.4 21.2 17.1 11.8 7.1 2.7
Corrected slip, in r/min 22.1 19.8 16.7 12.6 8.0 3.1
Speed, in r/min 1775.6 1778.8 1783.0 1788.2 1792.9 1797.3
Torque, in Nm 480.8 440.9 399.8 299.6 198.8 99.2
(3)Shaft Power, in W 89402.9 821314 74649.0 56104.8 37326.3 18661.9
Line Current, in A 136.0 123.8 112.1 85.3 60.6 40.1
Power Factor, in pu 0.877 0.878 0.877 0.861 0.806 0.620
Stator Power, in kW 94.990 86.770 78.520 58.630 39.040 19.934
(a)Stator I**R Loss, In W, at (t) °C 1845.7 1529.0 1253.5 725.3 366.5 160.3
(b)Stator I**R Loss, In W, at (t) °C 2041.9 1639.4 1283.0 680.6 326.5 138.6
(4)Stator Power correction=(a)-(b) -196.2 -110.4 -29.6 44.7 40.0 21.7
(5)Corrected Stator Power, in W 94793.8 86659.6 78490.4 58674.7 39080.0 19955.7
Efficiency, in % 94.31 94.77 95.11 95.62 95.51 93.52
Summary of Characteristics
Load, in % rated 119.8 110.1 100.1 75.2 50.0 25.0
Power Factor, in pu 0.877 0.878 0.877 0.861 0.806 0.6
Efficiency, in % 94.31 94.77 95.11 95.62 95.51 93.5
Line Current, in A 136.0 123.8 112.1 85.3 60.6 40.1
(3)Shaft Power, in hp 127.332 116.314 105.255 78.592 52.332 26.721
Bearing Temperature, °C 81.55 75.24 67.00 53.06 45.58 40.74
Bearing Temp Rise above amb , °C 53.20 44.84 34.28 23.68 15.17 10.35
Winding Temp Rise,°C 99.1 85.9 67.7 42.7 26.5 18.0
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Date: 06/19/03
IEEE Std 112-1991 Form B

Method B: Calculation Form for Input-Output Test of Induction Machine With
Segregation of Losses and Smoothing of Stray- Load Loss

Manufacturer: |Siemens Hp: |100
Model No: [RGZEESDX Volts: |460
Serial No: [CC032A Freq: |60
Type: |0 FL RPM: {1780
Time rating: |0 FLA: [113
Design: |B FL PF: |0
Frame: [405T Nom. Eff: |95.4
L. R. Code: Phases: |3
Service Factor: |1.15 T Amb,°C|0
Ins. Class:|0
Item|Description (Motor.)/(Gener.) 1 2 3 4 5 6
1 |Ambient Temperature, in °C 28.4 30.4 32.7 29.4 30.4 30.4
2 |(t) Stator Winding Temp., in °C 127.48 116.33 100.42 72.04 56.95 48.43
3 |Slip, in r/min 24.4 21.2 17.1 11.8 7.1 2.7
4 |Speed, in r/min 1775.6 1778.8 1783.0 1788.2 1792.9 1797.3
5 |Line-to-Line Voltage, in V 459.4 460.6 461.1 460.8 461.0 463.1
6 |Line Current, in A 136.03 123.81 112.10 85.27 60.62 40.09
7 |Stator Power, in kW 94.990 86.770 78.520 58.630 39.040 19.934
8 |Core Loss, in W 811.5 815.8 817.6 816.5 817.2 824.7
9 [Stator I°R Loss, In W, at (ty °C 2041.9 1639.4 1283.0 680.6 326.5 138.6
10 |Power Across Air Gap, in W 92136.5 | 84314.8 | 76419.4 | 57132.9 | 37896.3 | 18970.7
11 |Rotor I"2*R Loss, in W 1249.0 993.0 723.9 374.5 149.5 28.5
12 |Friction and Windage Loss, in W 163.0 163.0 163.0 163.0 163.0 163.0
13 |Total Conventional Loss, in W 4265.4 3611.2 2987.4 2034.6 1456.2 1154.7
14 |Torque, in Nm 480.80 440.90 399.80 299.60 198.80 99.15
15 |Shaft Power, in W 894029 | 82131.4 | 74649.0 | 56104.8 | 37326.3 | 18661.9
16 |Apparent Total Loss, in W 5587.1 4638.6 3871.0 2525.2 1713.7 1272.1
17 |Stray-Load Loss, in W 1321.7 1027.3 883.5 490.6 257.6 117.4
te- 92.7 Rs= 0.066
18 |Stator I’R Loss, in W, at (ts) C 1845.7 1529.0 1253.5 725.3 366.5 160.3
19 |Corr. Power Acr. Air Gap, in W 92332.7 | 84425.2 | 76449.0 [ 57088.2 | 37856.2 | 18949.0
20 |Corrected Slip, in r/min 22.1 19.8 16.7 12.6 8.0 3.1
21 |Corrected Speed, in r/min 1777.9 1780.2 1783.3 1787.4 1792.0 1796.9
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22 [Rotor I’R Loss, in W, at (t,) C 1131.4 927.4 707.4 399.5 167.6 32.9
23 |Corrected Stray-Load Loss, in W 1226.7 | 1031.5 848.2 476.3 209.7 52.2
24 |Corrected Total Loss, in W 5178.3 4466.7 3789.6 2580.5 1724.1 1233.0
25 [Corrected Shaft PovX 89811.7 | 82303.3 | 74730.4 | 56049.5 | 37315.9 | 18701.0
26 |Shaft Power, in hp 120.391 | 110.326 | 100.175 | 75.133 50.021 25.068
27 |Efficiency, in % 94.55 94.85 95.17 95.60 95.58 93.81
28 |Power Factor, in pu 0.878 0.878 0.877 0.861 0.807 0.620
Summary of Characteristics
Load, in % rated 1.204 1.103 1.002 0.751 0.500 0.251
Power Factor, in pu 0.878 0.878 0.877 0.861 0.807 0.620
Efficiency, in % 94.55 94.85 95.17 95.60 95.58 93.81
Speed, in r/min 1777.9 1780.2 1783.3 1787.4 1792.0 1796.9
Line Current, in A 136.03 123.81 112.10 85.27 60.62 40.09

MSRF

Non-Intrusive Motor Efficiency Estimators

Page72



An EPRI/BPA Center at OSU

THE MOTOR SYSTEMS RESOURSE FACILITY (MSRF)

APPENDIX 10.8 - 200HP

oo
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UNIVERSITY
| Date:[  06/19/03]
IEEE Std 112-1991 Form A
Method A: Input - Output Test of Induction Machine
Manufacturer:|Siemens Hp:{200
Model No:|RGZEESDX Volts:|460
Serial No:|CC032A Frequency:|60
Type:[0 FL RPM|1785
Time rating: |0 FLA:|226
Design:|B FL PF:|0
Frame:|B447T Nom. Eff:[96.2
L. R. Code: Phases:|3
Service Factor:|1.15 Ambient °C[40
Ins. Class|0
Test point(Motoring)(Generating) 1 2 3 4 5 6
(t)Stator Winding Temp, in C 131.9 121.4 99.6 80.8 67.0 53.6
Ambient Temperature, in C 31.1 31.0 28.6 29.7 28.7 27.8
Frequency, in Hz 60 60 60 60 60 60
Observed slip, in r/min 17.8 15.8 12.7 8.7 53 2.8
Corrected slip, in r/min 16.1 14.7 12.6 9.1 5.8 3.2
Speed, in r/min 1782.2 1784.2 1787.3 1791.3 1794.7 1797.2
Torque, in Nm 962.6 877.9 798.2 599.3 402.2 199.4
(3)Shaft Power, in W 179657.1 164032.8 | 149400.2 | 112422.9 75582.6 37519.3
Line Current, in A 273.9 248.8 227.7 174.7 128.1 88.1
Power Factor, in pu 0.869 0.868 0.865 0.840 0.774 0.571
Stator Power, in kW 190.070 172.840 156.960 117.820 79.440 40.180
(a)Stator I**R Loss, In W, at (t) °C 2648.7 2185.5 1830.5 1077.5 579.2 273.9
(b)Stator I**R Loss, In W, at (t) °C 2936.0 2352.9 1850.2 1029.1 528.2 238.8
(4)Stator Power correction=(a)-(b) -287.3 -167.4 -19.7 48.4 50.9 35.2
(5)Corrected Stator Power, in W 189782.7 | 172672.6 | 156940.3 | 117868.4 79490.9 40215.2
Efficiency, in % 94.66 95.00 95.20 95.38 95.08 93.30
Summary of Characteristics
Load, in % rated 120.4 109.9 100.1 75.4 50.7 25.1
Power Factor, in pu 0.869 0.868 0.865 0.840 0.774 0.6
Efficiency, in % 94.66 95.00 95.20 95.38 95.08 93.3
Line Current, in A 273.9 248.8 227.7 174.7 128.1 88.1
(3)Shaft Power, in hp 254.786 231.689 210.402 157.936 106.488 53.861
Bearing Temperature, °C 98.05 93.77 83.37 70.73 56.77 41.65
Bearing Temp Rise above amb , °C 66.92 62.76 54.82 41.05 28.07 13.90
Winding Temp Rise,’C 100.8 90.3 71.0 51.1 38.3 25.9
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Date: 06/19/03
IEEE Std 112-1991 Form B
Method B: Calculation Form for Input-Output Test of Induction Machine With
Segregation of Losses and Smoothing of Stray- Load Loss
Manufacturer: |Siemens Hp: |200
Model No: [RGZEESDX Volts: 1460
Serial No: [20943820003 Freq: |60
Type: |0 FL RPM: [1785
Time rating: |0 FLA: |226
Design: |B FL PF: |0
Frame: |B447T Nom. Eff: |96.2
L. R. Code: Phases: |3
Service Factor: |1.15 T Amb,°C|40
Ins. Class:|0
Item|Description (Motor.)/(Gener.) 1 2 3 4 5 6
1 |Ambient Temperature, in °C 31.1 31.0 28.6 29.7 28.7 27.8
2 |(t) Stator Winding Temp., in °C 131.89 121.36 99.59 80.77 66.96 53.62
3 |Slip, in r/min 17.8 15.8 12.7 8.7 5.3 2.8
4 |Speed, in r/min 1782.2 1784.2 1787.3 1791.3 1794.7 1797.2
5 |Line-to-Line Voltage, in V 460.9 462.0 459.8 463.4 462.2 461.2
6 |Line Current, in A 273.90 248.80 227.70 174.70 128.08 88.08
7 |Stator Power, in kW 190.070 | 172.840 | 156.960 | 117.820 | 79.440 40.180
8 |Core Loss, in W 1777.1 1785.6 1768.7 1796.5 1787.2 1779.4
9 |Stator I'R Loss, In W, at (t,) °C 2936.0 2352.9 1850.2 1029.1 528.2 238.8
10 |Power Across Air Gap, in W 185356.9 | 168701.5 | 153341.2 | 114994.4 | 77124.6 | 38161.8
11 |Rotor I"2*R Loss, in W 1833.0 1480.8 1081.9 555.8 227.1 59.4
12 |Friction and Windage Loss, in W 376.3 376.3 376.3 376.3 376.3 376.3
13 |Total Conventional Loss, in W 6922.3 5995.6 5077.0 3757.7 2918.8 2453.8
14 |Torque, in Nm 962.60 877.90 798.20 599.30 402.15 199.35
15 |Shaft Power, in W 179657.1 | 164032.8 | 149400.2 | 112422.9 | 75582.6 | 37519.3
16 |Apparent Total Loss, in W 10412.9 | 8807.2 7559.8 5397.1 3857.4 2660.7
17 |Stray-Load Loss, in W 3490.6 2811.6 2482.8 1639.4 938.6 206.9
t- 96.0 Re= 0.024
18 |Stator IR Loss, in W, at (ts) C 2648.7 2185.5 1830.5 1077.5 579.2 273.9
19 |Corr. Power Acr. Air Gap, in W 185644.2 | 168868.9 | 153360.8 | 114946.0 | 77073.7 | 38126.6
20 |Corrected Slip, in r/min 16.1 14.7 12.6 9.1 5.8 3.2
21 |Corrected Speed, in r/min 1783.9 1785.3 1787.4 1790.9 1794.2 1796.8
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22 [Rotor IR Loss, in W, at (t,) C 1656.2 1376.8 1070.5 582.5 248.8 68.0
23 |Corrected Stray-Load Loss, in W 3220.9 | 2679.0 | 2214.7 | 1248.5 562.2 138.1
24 |Corrected Total Loss, in W 9679.2 8403.2 7260.7 5081.2 3553.6 2635.8
25 [Corrected Shaft PovX 180390.8 | 164436.8 | 149699.3 | 112738.8 [ 75886.4 | 37544.2
26 [Shaft Power, in hp 241.811 | 220.425 | 200.669 | 151.124 | 101.724 | 50.327
27 |Efficiency, in % 94.91 95.14 95.37 95.69 95.53 93.44
28 |Power Factor, in pu 0.869 0.868 0.866 0.840 0.775 0.571
Summary of Characteristics
Load, in % rated 1.209 1.102 1.003 0.756 0.509 0.252
Power Factor, in pu 0.869 0.868 0.866 0.840 0.775 0.571
Efficiency, in % 94.91 95.14 95.37 95.69 95.53 93.44
Speed, in r/min 1783.9 1785.3 1787.4 1790.9 1794.2 1796.8
Line Current, in A 273.90 248.80 227.70 174.70 128.08 88.08
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