UNIVERSITY OF CRAIOVA

iﬂe FACULTY OF ELECTROMECHANICAL g?ﬁgﬁf?fﬁ?i{f

13- ENGINEERING, ENVIRONMENT AND el
INDUSTRIAL INFORMATICS NOUSTHALA

ELECTROMECANI
n

Eng.Gheorghe Eugen SUBIRELU

VIRTUAL MEASUREMENT SYSTEMS
USING AT THE TESTING OF
ASYNCHRONOUS MOTORS

SUMMARY

SCIENTIFIC REFERENT
Prof. D.EngALEXANDRU BITOLEANU

CRAIOVA
2008

1



SUMMARY of Thesis: Virtual Measurement Systems gsa the testing of asynchronous motors

CONTENT

INTRODUCTION

1. GENERAL ASPECTS IN TESTING OF ELECTRICAL MACHINES
1.1. TEST TYPES, SPECIFIC TESTS AND COMMON TESTS &It ELECTRICAL MACHINES
1.2. GENERAL TECHNICAL CONDITIONS, THE CONTENT OFEIST REPORT
1.3. ACTUAL TRENDS IN ELECTRICAL MACHINES TEST

2. VIRTUAL MEASUREMENT SYSTEMS
2.1. GENERAL ELEMENTS OF VIRTUAL MEASUREMENT SYSTESI
2.2. THE ARCHITECTURE OF VIRTUAL MEASUREMENT SYSTES!
2.2.1. The hardware component of a virtual measummhsystem
2.2.2. The software component of a virtual measumrhsystem
2.3. VIRTUAL MEASUREMENT INSTRUMENTS

3. THE GENERAL NOTIONS ABOUT THE THEORY OF ASYNCHRONOUS MACHINES IN

STEADY STATE FUNCTION; THE PRINCIPAL TESTS OF ASYNCHRONOUS MOTOR
3.1. THE PER PHASE EQUIVALENT CIRCUIT, THE GENERALFUNCTION EQUATIONS, THE
CHARACTERISTIC PARAMETERS, THE POWERS BALANCE
3.2. THE DETERMINATION OF WINDINGS PARAMETERS
3.2.1. The determination of windings stator resiste R,

3.2.2. The determination of leakage reactancés X,' and resistance®, , R," through Locked-Rotor test
3.2.3. The determination of magnetizing reactaneg, and resistance stands for core lossBg, through No-Load

test
3.3. THE PRINCIPAL FUNCTIONAL CHARACTERISTICS OF ASNCHRONOUS MOTOR IN CASE OF STEADY
STATE REGIME
3.3.1. The mechanical characteristic of asynchrorsomotor
3.3.2. The functional characteristics defined asumction of developed powe?,
3.3.2.1. The characteristic of efficiency
3.3.2.2. The characteristic of power factor (PF)
3.3.3. The atrtificial characteristics of asynchrone motor
3.4. THE TESTS OF THREE PHASE ASYNCHRONOUS MOTORS
3.4.1. General technical verification
3.4.2. The measurement of isolation resistance leswwindings and between windings to motor’s grouedminal
3.4.3. The test of isolation resistance betweendinigs and between windings to motor’s ground terraimt high
voltage
3.4.4. The test of isolation resistance betweemtaf a windings
3.4.5. The determination of resistance stator wingiR; in D.C. test
3.4.6. The determination of transformation ratio asynchronous motor with winding core rotor
3.4.6.1. The method of supply stator winding with three-phase voltages
3.4.6.2. The method of alternately supply stator and rotor winding with three-phase voltages
3.4.6.3. The method of supply stator winding with mono-phase voltage
3.4.7. No-Load test
3.4.8. Locked-Rotor test
3.4.9. The determination of functional characteris$ in load test

4. VIRTUAL MEASUREMENT INSTRUMENTS FOR DETERMINATION OF EQUIVALENT

CIRCUIT PARAMETERS AT ASYNCHRONOUS MOTOR
4.1. VIRTUAL INSTRUMENT FOR DETERMINATION OF PHASBIFFERENCE BETWEEN TWO SINUSOIDAL
SIGNALS
4.2. VIRTUAL INSTRUMENT FOR DETERMINATION OF PARAMEERS R, X;, R, X; THROUGH SHORT
CIRCUIT TEST
4.3. VIRTUAL INSTRUMENT FOR DETERMINATION OF PARAMEERS R., X, THROUGH NO LOAD TEST
4.4. VIRTUAL MEASUREMENT SYSTEM FOR REAL TIME DETERINATION OF PER PHASE EQUIVALENT
CIRCUIT PARAMETERS AT ASYNCHRONOUS MOTOR

5. VIRTUAL MEASUREMENT INSTRUMENTS FOR PLOTTING STEADY STATE

FUNCTIONAL CHARACTERISTICS OF THE ASYNCHRONOUS MOTOR
5.1 VIRTUAL INSTRUMENT FOR PLOTTING FUNCTIONAL CHARCTERISTICS OF THE ASYNCHRONOUS
MOTOR



SUMMARY of Thesis: Virtual Measurement Systems gsa the testing of asynchronous motors

5.2. VIRTUAL INSTRUMENTS FOR PLOTTING ARTIFICIAL CIARACTERISTICS OF THE ASYNCHRONOUS
MOTOR

5.2.1. Virtual instrument for plotting functional baracteristics for different values of the statoolages U+# U,

5.2.2. Virtual instrument for plotting functional baracteristics for different values of the supplyefjuencies { # f1,

5.2.3. Virtual instrument for plotting functional baracteristics for different values of U/f ratio (LIf; =ct)

5.2.4. Virtual instrument for plotting functional baracteristics for different values of the externegsistances R£R,,
5.3. VIRTUAL MEASUREMENT SYSTEM FOR PLOTTING FUNCUNAL CHARACTERISTICS OF THE
ASYNCHRONOUS MOTOR IN REAL TIME

5.3.1. Functional characteristics, experimental eteic diagram

5.3.2. Virtual Instrument for plotting efficiency erve at calibrated d.c. generator

5.3.3. Virtual System for plotting functional chareristics

5.3.3.1. Front Panel of Virtual Instrument
5.3.3.2. Block Diagram of Virtual Instrument

6. VIRTUAL INSTRUMENTS FOR STORAGE DATES
6.1. FUNCTIONS AND VI'S USED FOR FILE INPUT-OUTPUDPERATIONS; TYPES OF FILE I/O
6.2. VIRTUAL INSTRUMENTS FOR SPREADSHEET (TEXT) RS
6.3. VIRTUAL INSTRUMENTS FOR BYTE STREAM (BINARY) ES
6.4. VIRTUAL INSTRUMENTS FOR DATALOG FILES
6.5. DATA FILES TYPE LABVIEW MEASUREMENT EXPRESS

7. VIRTUAL INSTRUMENTS FOR GENERATING TEST REPORTS
7.1. VIRTUAL INSTRUMENTS FOR GENERATING TEST REPORTTYPE STANDARD
7.2. VIRTUAL INSTRUMENTS FOR GENERATING TEST REPORTTYPE HTML
7.3. VIRTUAL INSTRUMENTS TYPE EXPRESS FOR GENERATEBNAND PRINTING TEST REPORTS

8. VIRTUAL MEASUREMENT SYSTEM USED AT TESTING OF ASYNCHRONOUS

MOTOR
8.1. HARDWARE COMPONENT OF VIRTUAL MEASUREMENT SY$&M
8.2. SOFTWARE COMPONENT OF VIRTUAL MEASUREMENT SY&M
8.3. VIRTUAL INSTRUMENT FOR TESTING OF THREE PHASESYNCHRONOUS MOTORS
8.3.1. The objectives, the functions, and the gealestructure of the Virtual Instrument
8.3.2. The VIs for introduce the initial dates o4t
8.3.3. The VIs for determination of stator windingesistanceR; in D.C. test
8.3.3.1. The description of the Front Panel to the Virtual Instrument
8.3.3.2. The description of the Block Diagram to the Virtual Instrument
8.3.3.3. Mode of action for the independent utilization of Virtual Instrument
8.3.4. The VIs for determination of transformatioratio at asynchronous motor with winding core rotor
8.3.4.1. The description of the Front Panel to the Virtual Instrument
8.3.4.2. The description of the Block Diagram to the Virtual Instrument
8.3.4.3. Mode of action for the independent utilization of Virtual Instrument
8.3.5. The VIs for No-Load test
8.3.5.1. The description of the Front Panel to the Virtual Instrument
8.3.5.2. The description of the Block Diagram to the Virtual Instrument
8.3.5.3. Mode of action for the independent utilization of Virtual Instrument
8.3.6. The VIs for Locked-Rotor test
8.3.6.1. Mathematical support for analytic determination of U’sc voltage
8.3.6.2. The description of the Front Panel to the Virtual Instrument
8.3.6.3. The description of the Block Diagram to the Virtual Instrument
8.3.6.4. Mode of action for the independent utilization of Virtual Instrument
8.3.7. The VIs for determination of functional chacteristics in load test
8.3.7.1. The description of the Front Panel to the Virtual Instrument
8.3.7.2. The description of the Block Diagram to the Virtual Instrument
8.3.7.3. Mode of action for the independent utilization of Virtual Instrument
8.3.8. The VIs for wording conclusions of testing
8.3.9. The VIs for editing, saving and printing dfest Report
8.3.9.1. The description of the Front Panel to the Virtual Instrument
8.3.9.2. The description of the Block Diagram to the Virtual Instrument
8.4. THE METROLOGICAL TESTING OF THE VIRTUAL MEASURMENT SYSTEM
8.5. MODE OF ACTION FOR THE INDEPENDENT UTILIZATIONDF VIRTUAL MEASUREMENT SYSTEM

9. EXPERIMENTAL TESTING RESULTS

10. PERSONAL CONTRIBUTIONS AND PERSPECTIVES
BIBLIOGRAPHY

ANNEXES



SUMMARY of Thesis: Virtual Measurement Systems gsa the testing of asynchronous motors

KEYWORDS

Asynchronous motor testing, LabVIEW, Virtual Instment, Virtual Measurement System
SUMMARY

The main objective of this thesis is to solve acfical and current problem, by taking advantage
of the new technology. This new trend in testingceical machines can deliver the technical reports
automatically, saving resources and costs.

The new technology has the foundation on graplscétiware LabVIEW and it is used for
interpreting digital measurements and the automaifdhe technical data by creating technical regpor
This permits the replacement of the old analog messent techniques — which is still in use at some
electrical motor testing benches, with the new uéttMeasurement System Bench. This Virtual
Measurement System Bench is capable of data atiqojsstorage or memorization on different media,
visualization of different graphs, printing or dibution of technical reports or analysis on-lireodf-
line in an automated manner.

This Virtual Measurement System, which is not tomplicated but very powerful, would be a
very big help for the next domains:

- Electrical machines testing workbenches;

- Electrical machines design laboratories;

- University and colleges’ Electrical machines lalbori@s by its interactive simulations.

The content of the thesis is divided in threegart

Part 1 (chapter 1, 2, 3) covers general aspects and themmgepts for electrical machines
testing and it is an introduction to the Virtual &airement System.

Part 2 (chapters 4, 5, 6, 7) builds the partial compan@itthe Virtual Measurement System,
respectively the virtual measurement instruments.

Part 3 (chapters 8, 9, 10) presents the Virtual Measunei@gstem at work as a hole, exactly as
the “resultant’ of all the vectors of previous ctep.

The detalls:

Chapter 1 — covers general aspects related to testing mlakctnachines. It focuses on types of
tests, tests common to all electrical machineds tdsdicated to certain electrical machines; geénera
technical conditions and requirements; contents @échnical test report; new directions in testing
electrical machines: open-loop and feed-back cobnimo testing, analysis of motor's circuits,
current/frequency response, vibrations, infrarexvg and ultrasound testing.

Chapter 2 — presents classical methods of testing electnzadhines and introduces the Virtual
System methodology with the general architectucilematics. It is focused on the HARDWARE
components (for transducers, conditioning, datauiadegpn, PC calculator) and SOFTWARE
components (operating system for the computeredfinr the acquisition and manipulation-calculation
of data, graphical presentation, other auxiliarggopams and the ones to bring all the components
together, virtual instruments with their flexibyliand a high degree of integration).

Chapter 3 — is dedicated to the general concepts of elattn@achines theory, focusing on the
asynchrony motor in steady-state function: fundtignequations, electrical schematics for the
equivalent circuit, technical parameters. Here whedings motors’ parameters are defined : stator
resistance R stator leakage reactance, Xotor resistance Rrational rotor resistance related to stator
Ry, rational rotor reactance related to stataf, Xesistance due to ferromagnetic loss statgr Br
magnetization reactancen,X

The essential characteristics for the functionofgasynchronous motor are defined as the
mechanical, artificial, etc. Also, the charactécsiof asynchronous motor are defined as a funaifon
output power R The most important requirements of the SR7246dstal for testing three-phase
asynchronous motors are presented here: genehalid¢at verification, determination of the windings
resistance in DC, no-load testing, short-circudtitey, load testing characteristics, etc. All thesk
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constitute the theoretical foundation for the camgton of virtual instruments. These instrumentd w
be built in the next chapters.

Chapter 4 — presents subVI for the determination of the phstsift between two sine waves
Voltage and Current, necessary in the calculatfohctive Power absorbed by the motor.

Here | will build the virtual instruments used tbe measurement of the electrical parameters of
the equivalent per-phase schematic: short-ciraudtreo-load parameters (fig. 1).
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Fig. 1 - Frontal panel of the virtual instrument fothe determination of equivalent
schematic parameters for short-circuit (a) and noad (b)

The Virtual Measurement System is built using N8BJ6008 for data acquisition and two LEM
transducers, one for voltage and one for curremis $ystem determines the electrical parametetiseof
per-phase equivalent circuit. Fig. 2 presents tihetfpanel of VI.
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Fig. 2 — VI's Front Panel for parameters determinan through real acquisition

Chapter 5 — presents the virtual instruments for creating fiimctioning characteristics of the
asynchronous motor (fig. 3).
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Fig. 3 - VI's Front Panel for Running Characteristis

Some of the virtual instruments are used to compaulti-characteristics graphs. We are able to
illustrate how the graph is modified when one orrenparameters are changing, such as: changing
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voltage U (fig. 4a), changing frequency (fig. 4b), changing rotor resistance fg. 4c), changing
voltage Y or f; by keeping the ratio U/f constant (fig. 4d).
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Fig. 4 — Panoul frontal al VI-urilor pentru trasar@ prin comparaie
a caracteristicilor de fungonare

The purpose of building these virtual instrumdstdgouble: to familiarize with the design and
function of the virtual instruments and to testtttiee subVI-s built are working properly and withou
errors so that they could be integrated later en\thitual Measurement System.

Chapter 6 — is a description of the virtual instruments, ethhave special functions or for the
acquisition of data. You can find the different ¢ypf files used to memorize or calculate data
(spreadsheet-text, byte stream-binary, datalog)wating and reading, with their advantages or
disadvantages.

Chapter 7 — presents the two versions of the technical teptfML format — which is seen in
a browser, and STANDARD format — which can be s$erat printer. The technical report will be issued
with each testing of the electrical machines.

Chapter 8 — covers all necessary details of the Virtual Measient System created for testing
an asynchronous motor with this Hardware: TRANSDBGSE LEM, conditioning module, acquisition
module - NI-USB-6210 and a Laptop (fig. 5).

Ui Turatie
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,,,,, Temperatura
p e
) et et
JR— le— et
(1 EET PRy EEEREy

MODUL ACHIZITIE DE DATE —

=,

a)
Fig. 5 — Hardware components of Virtual Measuremefystem:
a) block schematics, b), c) photo images
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The chapter presents also the general structutteed?irtual Measurement System focusing on
the Software components, the VI-s introduced inieranchical way to be easier to follow the
interdependence between them (fig.6).

Main
Application
LabVIEW

|

Main menu .vi

//\

1. TestingMenu .v 2. Testing Report .vi

1.1. Default data testing .vi | [L.2. Testing Program .vi | [1.3. Conclusion .v|

General technical verification .vi |

( Global Un .vi ( |
Global fn .vi | Insulation resistance .vi |
Global Pn .vi | Windings resistances .vi |

> < Global In .vi — < | Transformation ratio .vi |
Global Nn .vi | No-load test .vi |

lobal PF .vi | Short-circuit test .vi |

Q|[o
@]
O
<R
P
Q
=)
o
<

\ | Running characteristics .vi |

Fig. 6 - General structure of Virtual Measurementsed
for testing of asynchronous electrical motors

This part covers the front panels, block diagramd the source code for every VI. Each virtual
instrument can work independently (Simulation mod&eal time Acquisition mode) or integrated as
part of Virtual Measurement System.

Figure 7 presents the most important VI-s whi@hart of the Virtual Measurement System:

a) Main menu;

b) Default data for testing;

c) General technical verification;
d)-e) Windings resistance;

f) Test Report;

g) No-load testing;

h) Short-circuit testing;

i) Running characteristics testing.

For comparison, the results of testing the sammaith calibrated instrumentation, carried
out by a certified Metrology Laboratory is presehitere.
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Fig. 7 — Front panel of main VI-s of Virtual Measwgment System

Chapter 9 — is at the border of Real-Virtual worlds, by @esng the results of the experiments
done through Virtual Measurement System in a reglfed testing bench. The six tests were done for
a MIB3 250M 65-4 ; 4 connection; P=55 kW, U=380 V which is an Asynchronous Motor with short-
circuit rotor.

The Simulation function, based on the data sug@gdliem the certification of this motor type,
was used to check that the Virtual MeasurementeByss working properly without errors. The data
was presented in a table — spreadsheet formatyBadual instrument had been used and tested
individually and integrated in the Virtual Measumm System. The comparison of the graph and
numeric results show that the Virtual Measuremeygtedn report and motor certification report are
similar.

After verification that data acquisition of VirtludMeasurement System is working properly
(through Metrological Calibrating) and after themBiation function verification of Virtual
Measurement System, a Real Case was presentednigadog the results delivered by the Virtual
Measurement System with the ones supplied by afiedrtesting bench. In the end, the Virtual
Measurement System generated automatically thegeport, which was printed to a printer attached
to the system computer.

A comparison between the Virtual Measurementseédysind Classical results shows that the
solution is correct, reliable and compatible.

Chapter 10 — present the personal contributions of author dnaavs the conclusions of using
the Virtual Measurement System in industry and mben that. It is a very competitive, complete,
complex and flexible system, ready to move theirtgsbench in industry to the next generation of
equipment, technology and methodology. The futsiteere!!



