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ABSTRACT

The hardware platform of the virtual instrument consists of PC computer and data acquisition card (DAQ card). In
this paper, virtual instrument technology is applied to the motor teaching laboratory construction. The DAQ system
consists of sensors, signal conditioning circuits, data acquisition card, computer which is composed of the hardware,
the signal conditioning circuit and data acquisition card. The paper proposes development of Virtual Instrument
Motor Experiment Teaching System based on LabVIEW. This paper uses the LabVIEW software as a development
platform, using existing equipment conditions of the laboratory to design a motor speed control system, the control
of motor speed, the experimental results with high precision and efficiency.
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INTRODUCTION

LabVIEW is the application software of virtual insinent developing an open system, it provides a/ewient,
easy design environment for designers, designerausa it just as building blocks, easy to set upeasurement
system and data acquisition system, and arbittangtsire instrument panel on its own, without vigtiany tedious
the computer program code, which can simplify pangdesign.

Automatic detection system of motor based on tiautid development platform, often faces long depsient cycle,
high cost, compatibility and expansibility of theeak, and thus hinders the wide application of aataamotor
testing system [1]. Now the application of virtuastrument software by computer and standardizationirtual

instrument hardware together, realize the softaai module function of traditional instrument, mler to achieve
the purpose of automatic detection and analysise.uder can through the technology of virtual inseat graphical
programming environment and operation interfacesye® measure the signal conditioning, object adcpss
control, data acquisition, analysis, display amatagie functions, greatly shorten the system dewvedoyp cycle; at
the same time as the virtual instrument software lsardware using a standardized test, the comfiigtibf the

system and scalability is improved greatly.

Teaching, scientific research requires a lot of snemment and analysis instruments, especially perxental
teaching, each instrument must be configured withitiple sets, and some equipment is expensive,hso t
equipment required for the huge investment, itificdlt to meet the general school, caused marhosts lack of
outdated equipment and other phenomena, serioffggta the teaching scientific research. If the o$eirtual
instrument system, it is not the same. Put intovisgal instrument not only can save a lot of guouént funds, but
also can improve the quality and efficiency of téag and scientific research.

The use of existing computer virtual instrumentecal design with hardware and software, forming Hasic
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function of both ordinary instrument, and it is aplke low price new instrument and the common imsént no
special function. Virtual instrument is a new moadkethe instrument of computer technology and etettr
instrument which combines. It is usually composéa @ersonal computer, the function of hardware ut®and
used for data analysis, process communication aaghgal user interface application software coratiam, the
computer has become a measurement function ofigitasurement platform. It uses the software teigde a
variety of instrument panel on the screen, complleéeprocessing, transmission, storage, displagression and

function of data. The paper proposes developmeNirtdal Instrument Motor Experiment Teaching Systbased
on LabVIEW.

1. Design of Virtual Instrument LabVIEW

All LabVIEW applications, virtual instrument, whictomprises a front panel (front panel), and itlavf chart
(block diagram) and the icon and connector (icomieztor) three. The front panel is a graphical ustnrface;
virtual instrument panel is the VI, the interfacéhnwthe user input and display output of two okgectpecific
performance of switch, knob, graphics and othetrobContr01) and display object (indicator).

LabVIEW is an end-user tool. It can enhance youlitalto build their own scientific and engineerirgystem,
provides a convenient way to instrument programmang data acquisition system [2]. Principle of gsinhfor
research, design, test and implement instrumentagistems, it is can greatly improve work efficignthe work of
the LabVIEW panel is as shown in figure 1.
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Fig. 1. Thework of the LabVIEW panel

The work of LabVIEW interface. Each of the VI prepd by LabVIEW is composed of a front panel, block
diagram, icon / connecting port three. The fromigddanguage settings and observing the output,rgimulate the
real instrument used for front panel. On the froanel, input referred to as control (Controls),potitis called the
show (Indicators). Control and display is to forarious icons appear on the front panel, such abkrswitches,
buttons, charts, graphics etc..

According to the different conditions using the li@erface to hardware devices of different, sushtle data
acquisition card (DAQ), GPIB bus, VXI bus instrurh@rmstrument module, serial instrument, there are tiypes of

virtual instrument structure. LabVIEW provides aigty of graphics driver, the user does not neetieédamiliar

with PCI bus, GPIB bus, VXI bus, serial bus, I/@eifiace equipment provided by the use of LabVIE&@phics

driver can drive the bus, the measured signal jngatia acquisition, amplification and analog / @ibconversion,
and then for the computer for further processinighdugh there are great differences between thedistems, but
no matter what kind of VI system, is through thelagtion of software and computer hardware contimna

GPIB (General Purpose Interface Bus) constitute ittstrument system is the first step towards theual

instrument, which uses the GPIB interface cardaonect a plurality of GPIB instrument, using thenputer to
enhance the functions of traditional instrumentgjaaization of large-scale flexible automatic tegstem, easy
upgrade, easy maintenance, instrument panel furctmd custom, the development and use of eaganitbe
achieved effectively test and measurement taskanbus scales. Using GPIB technology, which it barrealized
by the computer operation and control of the imant, to replace the traditional manual mode ofrafen, test
and measurement errors caused by human factorgchis®n. At the same time, because of the preptesd
procedures, to achieve automatic test, improvedetsteefficiency.

LabVIEW has a plurality of graphical operation tdatp, used to create and run the program. Thesplaéss can
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be moved on the screen at random, and can be pktcady location on the screen. There are threestyyd
template, template tool (Tools), control (controdg)d function (Functions) template. The tool tengl@rools
Palette) provides various used to create, modify debug VI program tool for programmers, when #mplate
choose any kind of tool, the mouse arrow will beeothe shape of the corresponding tools. Controplata
(Controls Palette) can add input control and outfisplay as a front panel. Function template (FHonstPalette) is
to create the block diagram tool.

LabVIEW software platform is the central nervoustsyn, which makes the whole measurement systenmnizeaa
organic whole intelligent, in software guided au#dim signal acquisition and storage according & grescribed
procedures, automatic operation data analysis amcepsing, in an appropriate form output, displayezord the
measurement results.

For the construction of virtual instrument, LabVIEN®s many characteristics and advantages, sudrashical
programming instrument control and data acquisitiotuitive front panel user interface and workflaghema
programming style; the built-in compiler can accate the speed of execution; the data acquisitibAQ
function library allows users to collect signal arcontrol signal, suitable for application to cohtihe rapid and
direct; the driver can drive 650 kinds of instrunsgrequipment more than 50 manufacturers; advaaoetysis
library content rich, signal processing, statisticarve fitting and complex analysis; using ActiydDE and
TCP/IP network connection and communication prodessWindows NT/9X/XP; MacOS, HP2UX, Sun, and
Concurrent real-time computer.

Virtual instrument software architecture (VISA -irtal Instruments Software Architecture) is desigro improve
the efficiency by reducing the system time. With thstrument type and the increasing complexitiest system to
improve, people don't want to write a different gnam for each kind of hardware interface, the Iffeiface
independence for I/O control software is becomingial. Through the VISA user can connect with thegority of

instrument bus, including GPIB, USB, serial poiX|P/XI and ethernet. Regardless of the underlyting hardware
interface and it is the user only needs to faceptbgramming -- a unified VISA interface, as is widoy figure?2.
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Fig. 2. The Structure of Virtual instrument softwar e architecture

RS-232 bus is a universal serial bus uses most, ¢éad more PC used the USB bus and IEEE 1394Unigersal
serial bus (Universal Serial BUS, USB) has the athges of high transmission speed, support asynobhsand
isochronous transmission characteristics, suitbdslelata transmission situation relatively highthe large amount

of data, data transmission rate requirements. Bysfeserial port and other industry based on stahdas connects
some serial port equipment and industrial controdule, real-time monitoring system. No matter wkiaid of
virtual instrument system, the instrument is eqagpwith the notebook computer hardware, computer or
workstation and various computer platforms, couplét the application software.

Using LabVIEW software, you can build a virtual timsnent instead of programming. A software system f
interactive control, users can easily build thenfnpanel window. In order to achieve a specificction, the user to
flow chart together using the wizard [3]. A frordanel: select the object you need from the contoalrd, the front
panel on the virtual instrument. The control objechplate includes a digital display meter, pressuoeter, thermal
meter, shell, tables, pictures etc.. When youwslrinstrument, virtual instrument can work in tesing the front
panel to control the whole system, such as the mewe of the sliding plate, in the image to the infram the
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keyboard, etc.

The powerful function of LabVIEW in the hierarchicdructure, users can create VI program as a sitibeocall, to
create more complex programs, and, calling therazdae be arbitrary. Methods LabVIEW that create aalll the
subroutine to create program modular, easy to damderstand and maintain. Different method of pogdesign
LabVIEW programming with the traditional methodhds the flow chart of program design languagerigetf the
shackles of the traditional program language lirstarcture. The order of execution in accordandé thie block
diagram of LabVIEW data flow between decisions, #@rd unlike the general programming language pessgive
implementation. In the preparation of block diagramagram, only need to use a different functionnidoom
function module, then the lines are connected ¢ @her, can realize data transmission.

Published in the WEB LABVIEW program in a varietfyways, but must use each way before the first dfve

server in the release program computer. LABVIEW webver default settings can meet the needs ofeheral

program. That is to say as long as the open welkeisarot for any of the settings, you can compikeéegeneral task.
The driver module of each instrument has its owstrimment. The essence of instrument driver is plexyifor

operating function more abstract operating instminset for the user. For the application, the ofi@maof the

instrument is realized through the instrument driviestrument driver for the operation and managenué the

instrument, and is the unity based and format piexiby I/O software library (VISA) calls to achievieor

application designers, as soon as the instrumérdrdin the not very understand the process insnis inside the
case, the design work can also be carried outinaltiinstrument system. The virtual instrumenveriis the bridge
and ligament between the application and the uyiderl / O interface software.

A data acquisition system is based on virtual imagnt [4]. This way by means of the insert in tbenputer data
acquisition card and special software such as LB [LabWindows / CVI) combined with A/D convertanalog,
digital signal acquisition to the computer for ayséd, processing, display, and through the D/A eosion to realize
feedback control.

A sophisticated data flow programming model libedatisers to construct the program from the linegrlanguage
approach using LabVIEW. Because the execution seguprogram in LabVIEW software flow are decidedelbgh
block of data. You can also set up the flow chérsymchronous operation. LabVIEW software is a imitead
functions of a multi task system -- with and runltiple virtual instruments.

2. Research on Virtual Instrument M otor Experiment Teaching System

The frequency test signal of the system requiredeiy high, according to the requirements of thengang
theorem, the required A / D must be high, reflegtihe high speed data acquisition system that #te dan be
compared to the real measured signals. But witts#imepling rate of ADC devices increases, its piscalso more
expensive, so the choice of ADC devices must bgleal against its performance price ratio. In addjtfrom the
current commonly used instrument - measuring sigsallloscope, signal measurement system must aalaeast
two signal channels, detection can at the same gigrels, so as to observe, compare the relatiprigtiveen two
signals [5]. It has two kinds of acquisition optgmwhich is one of the two channels using switanng into the
single channel A / D acquisition. However, thieattate mode is sure to lose part of informatioteradll, two not
simultaneously acquisition, it can not be accutatine observation of the relationship betweerstbeals.

Measurement of three phase circuit power. A thiegsp circuit, connection mode load are star coioreeind a
delta connection. Star connection, according tortheds of the three-phase three wires or four thiree-phase
power supplies, triangular connection can be usdyg when the three-phase three wire power suppiye@-phase
four wire circuit, the total power consumption lo@djuired power were measured A, B, C load of gdase, and
then add. That is equation (1).

RI. + P2 = uACiA + uBCi

=(Uy —UQ)iy +(Ug —UQ)ig 1)
=uAiA +uBiB _uCiA _uCiB

The more digits ADC, resolution is higher, can ligidguished in the smaller voltage. For examghe, three bit
conversion the analog voltage range is divided sggments, each segment with binary codes in tiger@00 to
111 said. Therefore, the digital signal can notemfthe original signal, because some informatgomissing. If
increased to thirteen, the code number increasad 8 to 8192, the digital information so that ycancmore
accurately reflect the original signal.
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The modular design of the LabVIEW virtual instrurheso any virtual instrument can run independerilyt, also
can be used as a part of other virtual instruméott can even create virtual instrument icon oftleeins, and it is
as to design multi-layer system composed of virinatrument, and can change it, exchange with otivéual

instrument and connected to meet the need of chgragiplication.

LabVIEW development of the VI program, using modutaultilayer structures: a VI by multiple VI bottenof the
form, the underlying VI represents the most bagiefions -- calculation, input and output operatiorhe layers of
the VI structures have the same, that all level¥lo$tructure and interface model is consistenticlwimakes the
multilayer VI can realize the interconnection arekted good design, characteristics of whole prognams the
function of the object, and modular, greatly sirfipt the software structure and design; each Viethe a user
interface components or front panel (i.e. soft panerespond with the actual instrument panel), enery VI has a
block diagram. The program with a graphical prograng language is equivalent to a traditional pragrang
language program source code. Using graphics imstdathe traditional code programming is the bigges
characteristic of LabVIEW.

Three phase without reactive power and apparentpmaiculation and single-phase circuit similar. arithe
three-phase symmetry load, whether star or deltmextion, three-phase, and are the same, so easke jpower
equal to three times, three-phase power singleeppawer, three-phase power, as is shown by eqa}i{si.

P:&J¢I¢cos¢=\/_3ulllcos¢ ()

This part of the circuit provides three functionsg is the value of the amplifying or attenuatihg &nalog output
of the converter, in order to meet the requiremefitthe target: the impedance matching, becausedhgerter
output impedance is large and dynamic change, bristperational amplifier circuit is composed ofighhinput

impedance and low output impedance of the outpéfebean with the general target load connectetidtls to

provide low pass filter, the ladder wave outpubiat smooth waveform, is a must for applicationsaxfitrary

function waveform generated by digital computethiis sequence.

When the sampling of multiple channels, cycle samgptefers to the collection card using multiwayitstv at a
clock frequency will be more channels are acces8/ cycle sampling. Figure 3 gives two channekugiar
sampling schematic diagram. At this time, all tharmels to share the same A/D and S/H equipmeuipged with
A/D and S/H respectively, each channel to cheap. W3ygle sampling disadvantage is not on the miiléirmel
synchronous sampling, scan rate channel is compafseltiplex switching rate average assigned tthezhannel.
Because multiple switch to switch between chanrsgmpling of two consecutive channels, signal wanefwill
change with time, the time delay between the chanifahe channel delay between the analyseseéifinal is not
very important, the use of circular sampling isgible.

Channgl 1 —m
Analog

Mux Analog
Channel 2—®, Mux

Channel 1

Channel 2

Fig. 3. Schematic diagram of channel cycle sampling

To get data from several channels, usually useipielswitches to each signal terminal is connedtedhe
converter (abbreviated). With the continuous saagnnethod, than to each channel of an amplifier tanthe
economy much, but this only applies to not very ami@nt occasion at the time of sampling points [7]the
sampling point of time between strict requiremewnts,must also capture. For the low frequency sigraai be used
to generate interval scanning and sampling effe@dgtiout increasing the sample and hold circuitisThethod in a
certain time interval scanning input channels, wéith channel pulse is not calculated two timeghbyscanning
interval.

Signal Generation LabVIEW module under the simatatsignal rich production of the VI, such as sinaves
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generator, Fang Bo sequence generator, triangle saguence generator, the unit pulse sequenceag@mevave
generator etc.. We will simply take the sub VI imtacase structure to form the typical signal geifmramodule,
Switch structure and case structure similar toGhanguage, is a multi branch structure, it acewydo the input
value decision procedures into different branckvflo

Calculation of so many times so that DFT can notised in practical engineering and it is resultmgarious DFT
for reducing computation time algorithm. Such asn® parity decomposition algorithm. Those who caduce
computation times, shorten the time of calculatitan be used for fast algorithm of DFT computin@mgineering
practice is called the fast Fu Liye transform, rnefd to as FFT. In many software toolkit, has aetgrof utility
function or function template available for usebW#EW provides these functions modules. The virtséctrum
analyzer is the main function of the FFT transfasmsed to simulate the signal to generate, olk&rtime domain
signal spectrum, The rotor speed N2 asynchronousrmamd a synchronous speed nl is the speed differeatio
of S velocity difference between the synchronoweesdgs called the "slip", as is shown by equatipfgB

s ="Mz (o)

n, ()
n, =n(L-S)( /min)

In the L, R, C measurement system as the signatspthrough the measured impedance current lignitsistor is
added to the. When A is an ideal amplifier andsithie measured impedance and sampling standastoresith
same current. The vector voltage and direct or datpuisition card after signal conditioning to twresponding
input channel.

The main data signal spectrum analyzer to do thegssing analysis of signal transformation of Feelis to get to,
its frequency diagram. So is LabVIEW in the frequyeedomain analysis module provides and signal amslgf a

large number of related functions for designerage, then we call the calculation in real FFT segaes the main
data signal processing sub VI spectrum analyzer.

According to the fundamental frequency of inductinator equivalent circuit diagram, can analyzedteady state
characteristics of the motor. Because the harmpoieer supplies voltage effect on the charactessticthe motor
is very small, therefore, to analyze the sinusoiddiage balance. If you ignore the skin effectndependent of
frequency, resistance, reactance is proportionti@édrequency. Rotating magnetic flux in the a@pgdn the stator
windings Induction EMF is E1, because of the existeof the stator leakage reactance voltage dmphes back
EMF E1 less than the voltage V1, phase voltagect¥ie value can be expressed as equation(4).

E,=4.44K, f N@

o = R @)
VM =RAX)IHESH X,

The average value in a cycle is three-phase tosthmtaneous power in a cycle of an average vallieatever
power or load is symmetrical, regardless of loadriangular load, the above conclusions are cari®ctthe total
power consumption of the three-phase.

The virtual instrument can carry out the followih@xperimental tasks. Among them, can use the aoftio design
the same task 1 ~ 3, because they are testingttimgous waveform. When the motor is started ntla¢or finally

stopped, PCI collected data continuously conveymghe virtual instrument, and then after the senphalysis,
using virtual instrument in the waveform displaybj€xtive this experiment mainly, quality inspectiaperation,
shutdown starting performance of motor. Task 4 the stable operation of motor.

Because LabVIEW is a data flow driven programmiagguage, therefore in all the modules are intedratere
attention should be paid to the data flow probl&specially to the flyout panel module and it isweasy to cause
the data flow confusion, error. When necessaryulshose the Sequence structure to control the fitata make it
transfer data according to the designer.

An induction motor maximum torque and torque arevgrofrequency relationship. Maximum torque which is
composed of type (4) the maximum values calculatiedyly visible, two torques decreased seriousfyeguencies
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below 10HZ. In order to improve the low-frequendaracteristic, in the low voltage / frequency irase must be.
This adjustment in the use of variable frequencygrosupply is not, but in the use of static frequyeconverter is
very easy to implement, because static frequenawearter can independently adjust the output voltagd
frequency.

LabVIEW front panel is used to set the input andpau for observation, the front panel to simulasgalr
oscilloscope. Because the virtual panel directlgdnsumers, is the core of the virtual oscilloscopetrol software.
Design of front panel, mainly considering the b#altnterface, simple operation, the user can dataithe
traditional instrument operation through the frgamel switches and knobs, to realize the contrathef virtual
oscilloscope through the keyboard and mouse. Tdw franel is provided with each function moduletdmut when
you press the corresponding button, you can calsttbroutine.

3. Development of Virtual Instrument Motor Experiment Teaching System based on LabVIEW

The hardware platform of the virtual instrument sists of a PC computer and data acquisition cail)[@ard).
The data acquisition card is an important parthef virtual oscilloscope; its performance will ditlgcaffect the
main index of the sampling rate, accuracy of tivtugl. The task of data acquisition system is dectibn of the
original signal, the main indexes are sampling igien, sampling rate. Sampling precision by thewvester to
decide, and the sampling speed is inseparablesaitipling frequency. From the point of improving firecision of
angle, between the number and the sampling frequemicverter is mutual restriction. Select the datquisition
card is mainly related with the sampling rate, teasurement channel, resolution and accuracy.

Data acquisition is the test signal from the anaiggal into the computer to process the digitgihal receiving and
processing. The data acquisition card is an integmet its core is the A/D converter. The inputrnsiy of A/D
transform in time and amplitude are continuous @naignal changes, the output signal in time anglitude are
discrete digital signals, and process transformagimcess from the continuous signal to a discs&fpal can be
seen as the sampling and quantization. Accordirigetqrinciple of A/D conversion can be dividedoi®t types: the
method of successive approximation A/D, double grae A/D method and parallel comparison method A/D,
method of converting more application in DAQ protiscthe method of successive approximation. Tosueathe
performance of the A/D converter has two main irdexne is the sampling resolution, i.e. A/D coterenumber;
two is the A/D conversion rate.

The test and analysis system's hardware platfordeiesrmined, for different applications, constitwigual test
different analytical instrument. For the analysisystems with general test, and can be widelabigtfor different
professional testing requirements, software usiogutar design, system structure parameters areingbé form

of variables. Therefore, the software of the daguaition module and it is data show that the tgpd quantity of
the measured physical quantity module, data arsmlysidule and data processing module is shown wi¢h
structure parameters of the specific numerical ghanFor different tasks in different professiomaicording to the
type and quantity of measurement points, only rnieece set the parameters of system structure modhllee,

matching will be able to complete the system hardveand software.

—

In the cut-off frequency, frequency response desmganonotonically. In the pass band is the ideilrasponse in
the stopband response, zero [9]. The merits ofeButirth filter is decreasing with smooth monotofrequency
response. The steepness of the transition zome®gional to the order of the filter. Butterwoitthw pass filter is
a kind of the most flat pass band characteristigg@imation filters ideal low-pass characteristis,is shown by
equation(b).

H()I= —

.| @ (5)

e

Widely used in automation and control field. Theuwal instrument system is commonly used is tha datjuisition
card system, together with the control system ofBGRXI instrument system as well as any combinati@tween
the three with. This paper uses the LabVIEW soféwas a development platform, using existing equigme
conditions of the laboratory to design a motor spaesed loop control system, with a small amodrtasdware to
complete the control of motor speed, with high [®ea and high efficiency, easy scalability anefdly interface
etc..
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This is called a cyclic Buffer mechanism. Its pipie is as follows: can put read buffer the datthatsame time put
data into the buffer, when the buffer is full, theffer at the beginning to store new data, as ksthe data and data
access speed with the good, can be achieved withitad storage area, to continuous data transonsdising a
circular buffer in the acquisition of equipmentnaaontinuously in the background were collectethatsame time,
LabVIEW is in the read buffer data two times thmdiinterval of data processing.

The fundamental frequency and frequency above inadskof circumstances combined can be shown inrEigof
the asynchronous motor variable frequency speettalocharacteristics. If the motor rated currentsdéferent
speeds, which can in temperature permitting caontiare basically long-term operation, torque withgnetic
field. In accordance with the electrical transnmaasprinciple, at the fundamental frequency, magniédix constant
torque and constant, which belongs to the "condtangfue speed”; and in the fundamental frequertoy,speed
increases torque reduction, which belongs to tbestant power speed".

| U, B,
K1 I
k2 | L .
Us
D, 1
U1 ¢ -fl
O fin fi -

Fig. 4. The asynchronous motor variable frequency speed control characteristics

Some work in this paper is designed for softwareetlgment and application and LabVIEW virtual instent
technology, used LabVIEW to realize the system tfioainel, and the data processing method. The ewpetal
system is to use PC computer display (CRT) disfalagtion simulation control panel of traditionabtrument, with
various forms of expression and output detectigulteusing PC computer software can realize thetfon of
signal data calculation, analysis, processing, iattpn, signal conditioning and completed by th® linterface
equipment, to complete a computer instrument syséstrfunction.

CONCLUSION

The paper proposes development of Virtual Instruréstor Experiment Teaching System based on LabVIEW
this paper, the virtual instrument technology iglegal to the motor in the laboratory constructidrirtual

instrument technology that use a powerful compuésources that would require hardware to softwdréhe
technology, to achieve different functions of tmstiument by calling different software on the sdmaedware
conditions, to complete a variety of parameterdirtgs in order to minimize system cost, enhancetesys
functionality and flexibility.
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