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1. Introduction

On the Faculty of Transport Department of Electrotechnics, Electronics and Protection Technique in
Transport of University Pardubice, the testing equipment for the motor measuring has been built up.

The testing equipment serves to the driving motors static and dynamic qualities measuring. By the specified
testing equipment realization three groups of the problems has been solved: the dynamometer mechanical and
power part; the load torques universal programmable simulation; and the sensing, recording and evaluation of the
measured drive required variables.

2. Testing Equipment Power Part

The most frequent the dynamometers with the DC machines with the separate excitation or the
dynamometers with the three - phase machines with the commutators have been used for the load tests. These
dynamometers made operations in four quadrants. Having been required the braking mode only, the eddy brakes
or hydraulic brakes have been used.

The three - phase induction machine with the short circuit armature in the specified testing equipment in the
dynamometer is used. Its good dynamic qualities excels in this application, the great range of speed and the
reliability. This machine has been preferred due to its availability and its low price.

The induction machine has two poles and its power is 1,5 kW.

The induction machine is supplied from the frequency converter. The universal load simulation in four
quadrants is made to make possible the frequency control with the torque feedback - control. The frequency
converter, which is used, realizes the torque field oriented control with the separate control of the flux - and torque -
part of the current. The frequency converter has the braking unit and the braking resistor for the working in four
quadrants. The specified configuration makes to possible the excellent dynamic quality of the dynamometer.

3. Load Torques Simulation

The with asynchronous dynamometer measuring device enables the basic types of the load characteristics
simulation. The measured motor is tested by the load, to be simulated the conditions of real applications which is
assumed.
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The testing equipment enables the simulation of the constant load torque, the speed - linearly dependent
torque, the speed - quadratic dependent torque, the speed -reciprocal value dependent torque and besides that,
these load’s types characteristics can be combinated among themselves. The system calculate in the real time the
simulated torque according to the relation:

M, =K, +sign(w) (K, + sign(w) K, [* + K, o (1)
It is possible to load in four quadrants and to set up the value of the specified parts of the load torque (the
constants Ky, K», K3, K4 in the equation (1)).

Beside that, the specified basic types of the load, the system enables the moment of inertia simulation, too.
The simulated moment of inertia can be higher or lower than the moment of inertia of the system dynamometer -
tested motor. The total simulated torque with the simulation of the moment of inertia is:

M=MZ+JB(2—? 2)

The constant J set up the user.

The load torque simulation is any other possibility, which is created from two parts: the constant part and the
sinus part. For example, the piston compressors have this load character. The load instantaneous value frequency
depends on the shaft rotation angle and the torque sinus part depends on the speed. The simulated torque in this
case is:

M, = sign(w) K, + A $in(C v [I) (3)

The system enables the setting of the sinus part amplitude (the constant A) and frequency (the constant C).
The frequency is set up as the multiple of the dynamometer’s speed. The K, is the constant part of the torque.
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Fig. 1 The testing equipment block diagram

For the motor dynamic quality measuring is possible to simulate the torque shock. It is possible to set up the
intensity and the time of the shock.

By the load simulation with the sinus part and the torque shock simulation, this one excels the very good
quality of the asynchronous dynamometer by the supplying from the frequency converter with field oriented control.

The specified load characteristics simulation is realized by the programme in the PC. The PC is fitted with
the measuring laboratory card with the A/D and D/A converters. By the simulation, the dynamometer speed is
monitored with the tachodynamo and its signal is connected after the matching to the A/D converter input. The
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instantaneous simulated torque M = f(w) is computed from the speed instantaneous value in the real time. The
instantaneous simulated torque value is defined with the constants of proportionality by the separate torque parts,
too. These constants sets the user to the PC. The with moment of inertia simulation defined part of torque is
computed from the values of the speed with the numeric derivation. The shock torque simulation is activated from
the PC keyboard.

The computed simulated torque instantaneous value gets out from the PC across the D/A converter on the
lab - card in the analog voltage signal form. After the conversion in the matching box, this signal is connected to the
frequency converter. This signal is the request value of the torque for the field oriented control. The frequency
converter operates without the feedback control of speed, but with feedback control of torque only.

4. Sensing, Recording and Evaluation of Measured Values

By the motor testing, the mechanical and electrical variables are measured mainly. In the future, the warming
characteristics measuring would be added.

For the currents and voltages instantaneous values measuring, the galvanic separate sensors with the Hall -
probes are used. For example, by the asynchronous motor testing, all currents and voltages are measured. The
speed instantaneous values are measured with the tachodynamo. The torque instantaneous values are measured
with the tenzometric sensor.

The measured variables waveforms are recorded with the digital oscilloscope. Any other processing the
oscilloscope recorded values is realized in the PC in the program MS Excel. This evaluation enables to make the
arbitrary calculations with the measured data. By this way, it is enabled to calculate the next variables from the
measured data (for example the waveform of the instantaneous mechanical power, the efficiency, the power factor,
the reactive power, the frequency analysis calculation etc.).
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Fig. 2 The shock torque simulation
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Fig. 3 The simulation of the torque with the sinus part
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Fig. 4 The start of the induction motor - the course by the torque simulation with the constant, linear and quadratic
parts
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Fig. 5 Flow chart for simulation of required loading

5. Testing Equipment Using

The made testing equipment serves mainly for the electro motors measuring, but it is possible to realize the
measurings on the petrol engines, too. The working conditions are simulated by the measurings on the petrol engines
and the engine tuning is realized.

The testing equipment is used by the electrical drives teaching on the University of Pardubice Jan Perner Faculty
of Transport, too. This system can be the instruction for the older dynamometers reconstructions.

The opening, the universality and the easy adaption to the big spectrum of the testing and measuring are great
advantages of the above mentioned system, if we compare this one with the analogous industry produced systems.
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Except the load simulation, the system will be able the automatic measuring of the motor basic characteristics in the
future, too.

Lektoroval: Doc. Ing. Jifi Stastny, CSc.
PfedloZeno: v bfeznu 2001
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Resumé
PROGRAMMABLE SIMULATION OF LOAD TORQUE WITH FREQUENCY CONTROLLED INDUCTION MACHINE

Jaroslav NOVAK, Stanislav GREGORA

Na Katedie elektrotechniky, elektroniky a zabezpecovaci techniky v dopravé Dopravni fakulty Univerzity Pardubice bylo
vybudovano zkusebni pracovisté pro testovani motoru. Pracovisté slouzi k méfeni statickych a dynamickych vliastnosti hnacich motora.

V popisovaném zafizeni je v dynamometru vyuZzit tfifazovy asynchronni motor s kotvou nakratko. Pouzity asynchronni motor je
dvoupdlovy s vykonem 1,5kW.

Asynchronni motor je napajen z frekvenéniho ménice. Simulace obecného zatizeni ve Ctyfech kvadrantech je zabezpeCena
pomoci frekven&niho Fizeni ve spojeni s nadfazenou zpétnovazebni regulaci momentu. Méfici zafizeni s asynchronnim dynamometrem
dovoluje simulovat zakladni typy charakteristik zatéZe. To umozriuje provadéni komplexnich zkouSek a méfeni statickych i dynamickych
charakteristik, pfi kterych je motor testovan pfi zatéZi, ktera se predpoklada v podminkach jeho realného nasazeni.

Zafizeni umoziiuje simulaci konstantniho zatéZzného momentu, momentu linearné a kvadraticky zavislého na otackach,
momentu zavislého na prevracené hodnoté otacek a libovolnou kombinaci téchto typl zatiZzeni. ZatéZovani je mozno provadét ve
Ctyfech kvadrantech a velikost jmenovanych sloZzek zatézného momentu je mozno nastavit. Kromé jmenovanych elementarnich typa
zatiZeni je mozno simulovat velikost momentu setrvacnosti. Simulovany moment setrvacnosti mize byt vétSi nebo mensi nez vlastni
moment setrva¢nosti soustavy dynamometr - testovany motor.

Dal8i moznosti je simulace zatéZzného momentu, ktery je dan souctem konstantni slozky a sloZzky sinusové. Tento charakter
zatizeni maji napf. pistové kompresory. OkamzZita hodnota momentu je zavisla na Ghlu natoceni hfidele a tudiz frekvence sinusové
slozky momentu zavisi na otackach. Zafizeni dovoluje nastavit amplitudu a frekvenci sinusové slozky jako nasobek otacek.

Pro méfeni dynamickych vlastnosti motort je mozno simulovat ojedinély momentovy raz a je mozno nastavit jeho velikost a
dobu trvani.

PFi simulaci momentu se sinusovou slozkou a momentového razu vyniknou vyborné vlastnosti dynamometru s asynchronnim
motorem, ktery je napajen z frekvenéniho ménice s vektorovym Fizenim.

Simulace jmenovanych charakteristik zatéZe je realizovana programem pro PC. PC je vybaven méfici laboratorni kartou s A/D a
D/A prevodniky. Pfi simulaci zatéZe jsou snimany tachodynamem otac¢ky soustroji a tento signal je po Upravé zaveden do A/D
pfevodniku. Z okamzité hodnoty otacek je v redlném Case vypocten moment M = f(w), ktery je v daném okamziku simulovan. Velikost
momentu je dana i konstantami imémosti u jednotlivych slozek momentu, které uzivatel zadava do PC. Slozka momentu, ktera je dana
simulaci momentu setrvacnosti, je vypoctena z priibéhu otacek numerickou derivaci. Aktivace simulace ojedinélého momentového razu
se provadi z klavesnice PC.

Vypocitana okamzita hodnota simulovaného momentu vystupuje z PC pfes D/A pfevodnik na meéfici karté ve formé
analogového napétového signalu. Po Upravé v pfizplsobovacim ¢lenu je tato hodnota zavedena jako analogova zadana hodnota
momentu do frekvenéniho ménice, ktery pracuje bez regulace otacek, pouze s vektorovou regulaci momentu.

Pro méfeni okamzitych hodnot proudu je pouZzito galvanicky oddélenych snimacd s Hallovou sondou. Napf. pfi proméfovani
asynchronnich motorll jsou méfeny vSechny proudy a v§echna napéti.

Okamzita hodnota otacek je snimana tachodynamem. Okamzitd hodnota momentu je snimana tenzometrickym snimacem.
Pribéhy méfenych veli€in jsou zaznamenavany pamétovym osciloskopem.

V pfispévku je uvedeno blokové schéma fizeni dynamometru (obr.1), vyvojovy diagram fidiciho programu v PC (obr.5) a
pfiklady pribéht momentu pfi simulaci nékolika typu zatizeni (obr.2 az obr.4).
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Summary
PROGRAMMABLE SIMULATION OF LOAD TORQUE WITH FREQUENCY CONTROLLED INDUCTION MACHINE

Jaroslav NOVAK, Stanislav GREGORA

The paper describes the device for the testing of the drive machines - the electromotors or the engines. This
dynamometer is realized with the frequency controlled asynchronous motor. The torque of the dynamometer is set up with the
simulation program. This system enables the variable modeling of the various load types.

Zusammenfassung
Jaroslav NOVAK, Stanislav GREGORA

PROGRAMMIERBARE SIMULATION VON BELASTUNGSMOMENT MIT FREQUENZGESTEUERTEM
INDUKTIONSDYNAMOMETER

Der Aufsatz beschreibt die Einrichtung fir Prifung von Antrieben - Elektromotoren sowie Verbrennungsmotoren. Das
Dynamometer niitzt die Eigenschaften mit frequenzgesteuertem Asynchronmotor mit Vektorsteuerung aus. Das Drehmoment des
Dynamometers wird durch ein Simulationsprogramm gesteuert. Dieses System ermdglicht veranderliche Modellierung von
unterschiedlichen Belastungstypen.
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