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Method and system for performance testing of rotating machines 

FIELD OF THE INVENTION 

This invention relates generally to the accurate measurement of 

angular rotation and, in particular, to the performance testing of rotating 

machines. 

s BACKGROUND OF THE INVENTION 

Conventional approaches to the performance tes~g of electric motors 

generally measure steady-state performance of the motor after the elimination 

of transient effects. To this end, motor speed data is collected as a function of 

time and the data is filtered so as to remove fluctuations in order thereby to 

10 derive standard motor performance characteristics as set out in the appropriate 

IBEE standards, for example. Such characteristics invariably relate to the 

torque-speed performance of the motor at no load whereby the motor is 

accelerated from rest under no load conditions, and the torque is derived as a 

function of the time derivative of the speed curve in accordance with 

ts Newton's Second Law of Motion. Additionally, so-called "signature" tests as 

well ~ load tests are performed, although in all cases the effects of 

fluctuations are eliminated. 
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Signature testing is an extension of no-load testing that utilttes faster 

measuring techniques and processing in order to compare a specific motor's 

no-load performanc~ with that of a pre-calibrated '~' motor which 

serves as a yardstick against which production line motors may be assessed. 

s Load tests measure the motor's performance under operating conditions 

whereby a specific tQrqUe is applied tQ th~.mnning motor lUlder test, and the 

resulting speed, current and power are measured. 

Typically, the motor speed is measured using a tachometer coupled to 

the motor's axis. -nus allows acquisition of the motor speed in analog fomi 

10 and suffers from low ~solution and severe noise contamination. For this 

reason, digital methods are preferred and significant effort has been expended 

during the last two or three decades to allow more accurate digital sampling 
of the rotational velocity of motor shafts arid the like. Many such methods still 

employ what are essentially analog transducers to derive the speed signal and 

ts then digitize the speed signal using AID converters, so as to allow subsequent 

processing to be perfOrm.ed digitally. 

R. Szabados et al.· descn'be such a technique in "Measurement of the 

TorqU£-Speed Characteristic of Induction Motors using an improved new 

digital approach" appearing in Transaction on Energy Conversion, Vol. 5, No. 

20 3, September 1990. Their method uses a fast data acquisition system to 

sample the output of a d.c. tachometer as well as other relevant parameters 

such as line current and voltage. The measured data is then processed digitally 

to remove the noise, perform dynamic average fQtering to eliminate 

extraneous coupling vibrations and to determine the relative tOrque profile 

2s from the time derivative of the speoo curve using Newton's Law. Since the 

removal of noise also eliminates the fluctuations, it thus emerges that the 

elimination of fluctuations by filtering the raw speed data is an inherent 

feature of the method proposed in this article. 
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Indeed, it is turtber shown that the raw speed ~-is contaminated and .. 
that the :first task of the data processing phase involves removing the 

extraneous signals without distorting the speed profile. A major contribution 

of the above-referenced paper resides in the improved filtering algorithms 

5 which are presented. 

U.S. Patent No. 5,218,860 (Storar) assigned to Automation 

Technology, Inc. discloses an alternative approach wherein, rather than 

measure the speed using analog transducers, a digital gray scale (incremental) 

encoder is used. Fig. 1 shows pictorially a motor test bed 10 wherein a motor 

10 11 is mechanically coupled to a test system according to U.S. Patent No. 

5,218,860 via a test :fixture consisting of a rotating shaft 12 supported on 

high-quality bearings 13. Mounted on the shaft 12 are a flywheel 14 of known 

inertia and a high-resolution rotary digital encoder 15. The flywheel 14 acts as 

an inertial load whereby torque may be determined according to the equation: 

15 

where: T = Torque, 

I= Inertia of flywheel, 

T=l.dv 
dt 

(1) 

20 v = speed, and 

t=time. 

As explained in U.S. Patent No. 5,218,860, the torque-speed 

characteristics are sampled at regular known time intervals during the time it 

takes for the motor to reach full speed from standstill. The measurement time 

25 interval is fixed by a crystal oscillator and is usually 16.67 ms, cotteSponding 

to the period· of one 60-Hz power line cycle. The change in speed is 

detennined by the rotary encoder which resolves as little as 0.0072° of 

angular displacement. Torque and speed are computed for each 16.67 ms 

period from the time power is applied until it reaches its maximum no-load 
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speed. The inertia of the flywheel attached to the motor is so selected that the 

motor reaches full speed in about 4 seconds, this being the time it takes to 

sample some 240 19rque and speed results, enough to describe the entire 

torque-speed curve from standstill to full speed. 

s The digital rOtary encoder as descn"bed U.S. Patent No. 5,218,860 

offers a significant improvement over analog transduc~, and allows the 

measurement.of certain motor characteristics that were previously not easily 

obtained. However, the resolution of the device is still relatively poor since, in 

effect, a very large nµm,ber of pulses are averaged during each sample time 

10 period. Specifically, _it- is stated in U.S. Patent No. 5,218,860 that the 

incremental encoder produces 25,000 pulses during each full rotation of the 

motor shaft. Assuming an avera~ motor speed of I 0,000 rpm, this means that 

the number of pulses produced p~ 16.67 ms time period is nearly 70,000. The 

actual number of pulses is counted by a binary counter so as to provide an 

is accurate indication of the angular speed of the motor. However, during a 

sampling period as. ·1arge as 16.67 Iris, the fluctuations ate no longer 

measurable: thus allowing only the smoothed characteristics to be determined. 

Moreover, there would appear to be no particular advantage in employing a 

rotary encoder having such a high resolution, as well as cost, given that such a 

20 coarse sampling interval is employed. Theoretically, the resolution could be 

improved simply by sampling at smaller time periods. However, in practice it 

is difficult to achieVe this accurately and inexpensively using current 

technology. 

Moreover, the flywheel •ched to the motor shaft loads the motor 

25 and, whilst this does, not derogate from the static performance of the motor, it 

substantially eliminates the fluctuations to which the transient effects are 

subjected. Consequently, loading the motor as taught in U.S. Patent No. 

5,218.860 does not allow measurement of the dyn~ic performance of the 

motor. 
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The present ·fuventor has found that the dyn~i~Ferfollna.nce of the 
'!!" •. • 

motor provides invaluable information about the motor, such that without a 

knowledge of the dynamic performance of the motor it is impossible to derive 

:fundamental behavior of the motor. However, for the reasons set out above, 

s the dynamic performance data is unattainable during a sample period as large 

as 16 ms, since during this time period most of the fluctuations on the 

transient.Part of the curve are lost. Even regardless of the actual magnitude of 

the sampling time period, and bearing in mind that some improvement can 

clearly be achieved by reducing the sampling time period conducive with 

1 o prevailing technology and price constraints, any improvement is limited in 

scope. This follows from the fact that counting pulses during a fixed time 

period, however small, can never allow optimum results to be achieved. Thus, 

even if the sampling time period could be reduced indefinitely (which, of 

co\lrse, ·it cannot) it can never be reduced to less than the period of a single 

is pulse since, in such case, no data would be obtained during the sample period. 

On the other hand, whilst increasing the sampling time period ensures :that 

sample data will be obtained, it does so at the cost of producing multiple data 

per sample. This means that the resolution thereby obtain~d is inevitably less 

than the theoretical maximum. 

20 Furthermore, in order to obtain a sufficient number of sample points 

using the approach disclosed by U.S. Patent No. 5,218.860, it is necessazy to 

ensure that the time required for the motor to attain full speed is extended to 

several seconds. This is achieved by means of the flywheel having sufficient 

inertia to delay the steady state response of the motor. It would obviously be 

25 preferable to allow the relevant speed characteristics to be derived in less time 

without, of course, compromising on the number of sample points and, at the 

same time, providing details of the fluctuations on the transient perfonnance 

which disappear when the motor is loaded. 
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U.S. Patent No 4,535,288 to Joseph L.Vrtalli, ·Jr. discloses a method 

for determining the ro~onal speed of a moving shaft in a spatially limited 

environment, wherejn ·the time between a sequentially· successive pair of 

encoder (transducer) pulses is used to detennine the speed. Updated rotational 

s speed is computed · fn?ni a further pair of sequentially successive pulses, 

which are non-seq~al to the earlier pulses. The ro~ encoder described 

by Vitulli can be likened to a toothed wheel having sixty equally spaced teeth, 

each of which gives rise to an ou1put signal having a first voltage level when 

rotating past a pickup;· When the space between adjacent teeth passes the 

10 pickup, an output signal having a second voltage level is produced. Typically, 

the first and second voltage levels translate to digital signals having logic 

IDGH and LOW levels, ·respectively, such that a pulse train is produced. Thus, 

assuming that there· ·are provided sixty equally spaced teeth which give the 

same angular for the high and low levels, the angle of rotation COlTeSpOilding 

is to each logic mGB level is 2'J(/120 radians. By measuring the time duration of 

each logic IDGH level, the angular speed can thereby be calculated. 

In practice, however, even the best rotary encoders have a duty cycle 

accuracy of only ± 10%, which means that whilst the. distance between the 

start of adjacent teeth (corresponding to the period of the pulse train) is 

20 constant, the width of each tooth is subject to an accuracy of± 10%. Since 

angular speed is calclilated on the basis of the measured time for each tooth 

passing the pickup, it is clear that·this is dependent on the actual width of 

each tooth and is thus subject to a maximum error of 20%. 

SUMMARY OF THE INVENTION 

2S It is therefore; an object of the invention to provide a .method and 

system for measuring rotational speed in which the drawbacks associated with 

hitherto-proposed are substantially improved or eliminated. 
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Such an obj~e is realized in accordance ~rJl.~ broad aspect of the 

invention by providing a method for measuring an angular rotation of a 

rotating shaft, the method comprising the steps of: 

(a) attaching to the shaft a digital rotary encoder which successively 

s generates opposing binary logic states such that any pm of sequential 

logic states corresponds to a known angular rotation of the shaft, 

(b) rotating the shaft, and 

(c) measuring an accumulated elapsed time interval between successive 

pairs of logic states generated by the digital rotary encoder so as to 

10 allow derivation of the angular rotation or a function thereof of the 

shaft. 

The inVention thus allows an improved approach to testing motor or 

engine speed according to the time that elapses during a known angular 

rotation of the shaft. According to such an approach, the elapsed time is 

15 measured for the logical states to change from LOW to HIGH and back to LOW 

or vice versa. Although the time interval during which the logic state remains 

either LOW or mGB is subject to duty cycle error, the combined time interval 

for sequential Jogic states is an accurate reflection of a known angular 

rotation. Thus measuring the accwnuJated elapsed time interval between 

20 successive pairs of logic states avoids dufy cycle errors affecting the speed 

results whilst reflecting any change in speed on the fly. Consider, for example, 

a rotary encoder that produces 60 pulses per revolution. In the case of U.S. 

Patent No. 4,535,288" the shaft revolutions per minute (Iplll) can be 

determined in a one second degree interval, and in the case of a very high 

2s quality encoder (with duty cycle error in the order of ±10%) will give rise to a 

measured speed inaccuracy-of ±10%. 

The method according to the invention finds particular application for 

testing a perfonnance of a rotating machine or a component thereof; the 

method comprising the steps of: 
------ - ------

This Sheet Has Been Replaced 
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(a) attaching a shaft .of the rotating machine to a digital rotary encoder 

which generat~ opposing binacy logic states for a known angular 

rotation of the electrical machine, 

(b) supplying po~ to the rotating machine at a specified time, and 

s (c) measuring and accumulating respective time periods of successive 

logic states generated by the digital rotmy encoder from 

approximately the application of power to the rotating machine until 

the rotating p;iachine reaches a desired speed so as to allow derivation 

of a dynamic Sp,eed characteristic of the rotating machine. 

1 o Preferably, tb:ere is further included the step of: 

( d) calculating a· torque of the rotating machine by reference to a 

predetennined moment of inertia of a rotor thereof and the measured 

speed characteristic of the rotating machine .. 

The inventi<?n.also contemplates an apparatus for 4etermining dynamic 

15 and static speed-tiµie, · torque-time and speed-torque characteristics of a 

rotating machine or .:of a component thereof. By using a pre-calibrated rotor, 

tests may be performed on identical machines using different stators so as to 

provide relative perfonnance data· (both static and dynamic) of the different 

stators. Likewise, µsing a pre-cah"brated stator, tests may be performed on 

20 identical machines using different rotors so as to provide relative performance 

data (both static and djnamic) of the different rotors. 

It will thus be understood that the method and apparatus according to 

the invention allow dynamic and static perfonnance data to be derived 

without requiring l}ie connection of an external inertial load to the machine's 

25 axis. This allows the machine to reach steady state (i.e. non-ttansient) 

operation more quickly and allows calibration of the machine to be effected 

more quickly. This is of particular importance when small machines are 

mass-produced and must be tested on the production line. Moreover, it allows 

the measurement of fluctuations, which have hitherto eluded measurement. 
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It is a~ttediy i\iggested in U.S. Patent No. ~1~860 [col. 1, line 29] 

that for larger motors, the mass of the armature may be sufficiently large to 

provide a proper inertial load. That is to say U.S. Patent No. 5,218,860 also 

allows for the external inertial load to be dispensed with, albeit for large 

s motors only. However, this may be only be done because large motors, being 

inherently inertial, in any case take a relatively long time to reach steady state 

speed, thus allowing sufficient sample points to be obtained. This is not the 

case for small low-inertia motors where the external inertial load is mandatozy 

in U.S. Patent No. 5,218,860 in order deliberately to slow down the time to 

10 reach steady state speed and thus allow sufficient sample points to be 

obtained. It is thus clear that U.S. Patent No. 5,218,860 does not allow 

extrapolation to the present invention which allows for the flywheel to be 

dispensed with even for small motors, since a major object of the invention is 

to reduce, rather than increase, the time to reach steady state speed. 

1s The invention also allows measurement of oscillating torque and speed 

during steady state condition so as to derive speed-time and torque-time 

characteristics in both the time and frequency domains. In such case, a 

flywheel may be used to slow down the time for the machine to reach steady 

state, thereby producing steady state oscillating torque and speed phenomena 

20 during the acceleration. This allows faults with the machine to be highlighted 

that would not otherwise be apparent 

The invention also permits greater flexibility of testing the rotating 

machine. A user can control the sampling time and the time from which the 

sampling begins. The user can likewise control x-axis (time and frequency) 

2s and y-axis (torque and speed) thus allowing the device to be used as a rotating 

machine analyzer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In order to tmderstand the invention and to see how it may be carried 

out in practice, a preferred embodiment will now be descn"bed, by way of 

non-limiting example only, with reference to the accompanying drawings, in 

s which: 

Fig. 1 shows pictorially a prior art motor test bed; 

Fig. 2 is a block diagram showing functionally a motor test system 

according to the invention; 

Fig. 3 is a block diagram sh~wing a detail of the motor test system 

10 depicted in Fig. 2; 

Fig. 4 is a flow diagram showing the principal steps for operating the 

motor test system shown in Fig. 2; 

Figs. 5 to 13 show graphically typical a.c. · PSC induction motor 

characteristics measured or computed with the motor test system according to 

ts the invention; 

Figs. 14 to 19 show graphically further applications of the invention 

for highlighting faults on steady state condition; 

Figs. 20 to 23 show graphically further applications of the invention 

for highlighting faults with an air-conditioning fan; and 

. 20 Fig. 24 is a block diagram showing functionally a dynamic torque and 

speed analyzer for displaying speed or torque characteristics of a rotating 

shaft derived according to the invention. 

DETAil.ED DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig. 2 shows functionally a motor test system depicted generally as 20 

2s comprising an induction motor 21 having a shaft 22 thereof coupled to a 

digital shaft encoder 23 of known type. The shaft encoder 23 does not reqajre 

very high resolution and, in practice, may generate 5,000 pulses per 

revolution of the motor shaft. As the motor 21 rotates, the shaft encoder 23 



~ .......... . 
.& ·· __ ··"itt::z . 

W099/66335 PCT/IJ..99/00290 

-11-

produces logic levels that are sampled by a sampling unit 24 that measures the 

e~psed time for the logical states to change from LOW to mGB and back to 

LOW or 'vice versa. The successive time intervals are fed to a computer 25 

that processes the time data so as to derive the dynamic speed characteristic of 

s the motor 21 as a function of the elapsed time and store in a memory thereof. 

The motor 21 is actuated via a control unit 26 that is responsively coupled to 

the computer 25 so that, for example, power to the motor 21 may be 

interrupted once the motor 21 has achieved full steady state speed, thus 

signifying the completion of the test procedure. Connected to the computer 25 

IO is a display device 27 such- as a display monitor or plotter. The motor 21 is 

energized by a power supply 28 which may be actuated at a precisely lmown 

time. 

Fig. 3 shows a timing circuit 30 within the sampling unit 24 

comprising an oscillator 31 fed to the clock input (CLK) ofa first counter 32 

is and a second counter 33. The output of the shaft encoder 22 is fed to the 

enable input (ENABLE) of the first co1lllter 32 whose output is fed to the 

. computer 25. The output of the shaft encoder 22 is inverted by an inverter 34 

and fed to the enable input {ENABLE) of the second collllter 33 whose output 

is also fed to the computer 25. Likewise, the reset terminal {RST) of the first 

20 counter 32 is responsively coupled to the computer 25 and also the reset 

tenninal {RST) of the second counter 33 is responsively coupled to the 

computer 25 so as to enable the first counter 32 and the second counter 33 to 

be reset thereby:. as will now be explained. 

The operation of the timing circuit 30 is as follows. The oscillator 31 

2s based on a quartz crystal produces high frequency pulses having a known, 

stable frequency. As the shaft encoder 23 rotates together with the motor 

shaft. it produces sequential opposing binary logical LOW and MGH states of 

lower frequency than that of·the oscillator 31. The relatively low frequency 

logic levels generated by the shaft encoder 23 are fed to the enable input of 
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the first counter 32 and, after inversion, are fed to the enable input of the 

second counter 33. Consequently, between successive ENABLE signals, the 

first counter 32 measures the number of relatively high frequency pulses 

produced by the oscillator 31 when the en~der is at logic mGB and the 

s second counter 33 measures the number of relatively high frequency pulses. 

produced by the oscillator 31 when the encoder is at logic LOW, both results 

being fed to the computer 25. The computer 25 is responsive to a change in 

state of the first counter ENABLE signal for capturing the data on the 

respective outputs of the first counter 32 and the second counter 33 and 

10 feeding a reset signal to the respective RST inputs thereof. This clears the first 

counter 32 when the encoder is at logic LOW and clears the second counter 33 

when the encoder is at logic mGB. The output of the first counter 32 between 

successive ENABLE signals is thus ~ly representative of the time taken 

for the shaft encoder 23 to remain at logic mGH. Likewise, the output of the 

15 second counter 32 between successive ENABLE signals is accurately represen­

tative of the time taken for the shaft encoder 23 to remain at logic LOW. 

Even assuming that the shaft eneoder 23 has a resolution of only S,000 

pulses per revolution and that the speed of the motor 21 is as low as 1,000 

rpm, the shaft encoder 23 will output S million pulses per minute. Thus, each 

20 pulse has a period of approximately 10 µs, which is well within the capacity 

of the counter 32 to m~ accurately. Moreover, by comparison with the 

system descnoed in above-referenced U.S. Patent No. 5,218,860, within a 

16.67 ms time interval, the ~ encoder 23 will output nearly 1,667 pulses 

each of which is a sampling point, as opposed to the single sampling point 

25 contemplated by U.S. Patent No. 5,218,860. 

since U.S. Patent No. S,218,860 as~ociates the measmement of time 

with many hundreds of pulses, any duty cycle error associated with each pulse 

is effectively annulled, albeit at the expense of requiring a much longer time 

interval for measuring the accumulated angular rotation of the shaft. As 
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explained above, this militates against determinatio~ of dynamic response of 

the machine. 

On the other hand, U.S. Patent No. 4,535,288 to Joseph L.Vitulli, Jr. 

does sttggest time measurement of a single pulse only and therefore prima 

s faeie does allow detennination of dynamic response. However, as noted, his 

approach is subject to duty qcle errors which, for the sake of greater clarity, 

are now :further elaborated. The manufacturer of a rotary encoder specifies the 

number of pulses per revolution of the rotary encoder and also specifies the 

duty cycle. If the duty eycle is specified as being 50%, then the time for each 

10 pulse measured by Vitulli, Jr. actually corresponds to half the nominal angular 

increment during each pulse of the encoder. For example, if there are 3,600 

pulses per revolution, this corresponds to ten pulses per degree rotation of the 

encoder. Vitulli, Jr. measmes the time for one nominal half cycle of a single 

pulse and calculates from this the nominal time period of each encoder pulse 

IS based on the du'fy cycle specified by the manufacturer. However=- this is 

subject to inaccuracies owing to the inevitable errors in the duty cycle 

specified by the manufacturer, which are currently in the order of ± 10%. 

Thus, whilst Vrtulli, Jr. provides a nominal angular rotation in a single 

pulse of the rotary encoder, thereby allowing calculation of angular velocity 

20 during a single pulse thereof, the actual result is inaccurate. 

Fig. 4 is a tlow diagram showing the operation of the motor test 

system 20. Thus, initially the motor 21 is energized and the output of the shaft 

encoder 23 is sampled as explained above. The sampled data is collected and 

processed by the computer 25 and the processed data is displayed on the 

2s display device 26. Any departure from an accepted performance range is 

calculated and allows a warning signal to be output by the computer 25 for 

warning of a faulty motor. Such a warning signal may, of courset be rendered 

audible or visual in lmown manner. Optionallyt as will be explained in greater 

detail below, the fluctuations on the transient effects produced during 
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acceleration of the motor 21 may be removed so as to produce the 

conventional static speed characteristic. 

Fig. S shows graphically the dynamic motor speed characteristic for an 

a.c. PSC induction motor as computed from the measured successive time 

s periods of pulses produced by the shaft encoder 23. Thus, the incremental 

motor speed between successive pulses may be calculated since the angular 

rotation commensurate with each pulse is known. It is noted that the motor 

speed and therefore torque do not continually increase with time but, rather, 

climb and then fall for a short time, whereafter they again climb. After 

10 approximately 0.04 s, this effect ceases and the motor speed and torque 

increase with time until the steady state condition is approached. In particular, 

it is to be noted that even when the motor reaches steady state, there are still· 

continuous fluctuations in its speed. These fluctuations are only apparent by 

measuring the angular rotation of the motor as a function of pulse period of 

is the rotary encoder and· are missed altogether in hitherto proposed methods 

based on averaging data over a large number of pulses. 

It has already been· noted that no ·flywheel need be connected to the 

motor 21. Instead, motor torque may be calcillated from a knowledge of the 

moment of inertia of the rotor in accordance with Newton's Law, as follows: 

}.(t) ~+~t) dt . 
20 where: M(O = µistantatieous Torque at time t, 

Q =Moment of Inertia of rotor, 

m = angular speed of motor, and 

. . L(t) = instantaneous external load at time t. 

(2) 

Since no load is connected to the motor 21, L(t) is zero and equation 

25 (2) simplifies to: 
d{j) 

M(t)=Q~ 
dt 

(3) 
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Fig. 6 shows graphically the run-up torque characteristics which are 

derived "from the speed charact.eristics of the motor 21 as follows. The motor 

21 is· Operated without any external load and the dynamic speed characteristic 

s is derived and stored in the computC! 25. The time derivative of the dynamic 

speed characteristic is then' calculated and the result multiplied by the !mown 

moment of inertia of the rotor. Seeing that the speed is determined in :tpm., the 

result must be further multiplied by a factor 2w'60 to convert to the equivalent 

angular speed in radians per second relate to the dynamic torque :from starting 

1 o the unloaded motor to its reaching full speed. This characteristic is repeatable 

providing that care is taken always to start the motor at a predetermined point 

in the a.c. cycle of the supply voltage. For example. in a particular system 

reduced to practice, the motor was started at the point in the ac. cycle where 

the voltage climbed through 0 volt 

is The ron-up no-load torque characteristic of the motor shown in Fig. 6 

allows determination of dynamic motor characteristics which· are wiattainable 

with conventional systems providing static speed and torque characteristics 

only. The dynamic characteristics allow identification. of motor faults not 

detectable from static data only as well as permitting classification of motor 

20 characteristics. Moreover, it has been found that: 

(i) The dynamic torque characteristic gives an indication of the noise 

amplitude in the motor torque during acceleration thereof; and 

likewise provides an indication of the strength· of mechanical noise 

in the motor arising from changes in the · torque during 

25 acceleration; 

(iI') The dynamic torque characteristic gives an indication of any 

imbalance in. the rotating parts of the motor. 

(iii) The dynamic torque characteristic offers a particularly sensitive 

diagnostic tool for identifying motor faults. 
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The above discussion has concen1rated, so far, on the dynamic 

characteristics of the motor during nm-up. aowever, if desired fluctuations in 

the transient effects can be removed so as to provide the smoothed speed-time 

characteristic shown graphically in Fig. 7, from which may be derived the 

s conventional torque-speed characteristic (shown in Fig. 11). Removal of 

fluctuations in the transient effects can be ~hieved in several ways. The 

motor shaft can be mechanically locked and released only when the stator 

current achieves a steady state value. Alternatively, if the motor 21 is a 

Permanent Split Capacitor {PSC) type induction motor wherein the stator 

io comprises a main coil and an auxiliary coil which may be switched in parallel 

with the main coil, then the rotor will rotate only when current is fed to both 

coils. Therefore, initially ClDl'ent is fed to the mam coil only and the auxiliary 

coil is switched in circuit only when the currents in the main coil have 

· · stabilized. Again, it should be noted that both the main and auxiliary stator 

ts coils are switched in circuit only '\1Vhen the a.c. supply voltage equals zero on 

its upward climb. More generally, repeatability may be ensured by supplying 

power at any other known angle in the a.c. voltage supply cycle. 

· Yet another way to neutralize the fluctuations of transients is to process 

the dynamic speed characteristic. of the motor using a suitable algorithm. To 

20 this end, the dynamic speed characteristic shown in Fig. 5 is sampled so as to 

determine changes in speed as a function of, time during. acceleration of the 

motor. The resulting signal is Fourier transfonned from the time domain to 

the :frequency domain S() as to derive the. frequency spectrum. The frequency 

spectrum is filtered so as to remove the higher frequency harmonics and the 

25 resulting spectrwn is transfonned back to the time domain. In this connection 

it should be noted that obtainm.g the :frequency spectrum is rendered possible 

by virtue of the fact that the time resolution is sufficiently high in the time 

domain. Hitherto-proposed methods employing coarse time resolution are not 

capable of resolving the frequency spectrum. 
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Yet anoth~ J:proach to canceling the tlu~ons in the transient 

effects of the stator current is to rotate the shaft in an opposite direction to the 

normal rotation direction and then, during the time that the motor changes 

direction, commencing sampling of the acceleration (i.e. speed-time) 

s characteristics. Such a technique is well known and is described, for example, 

in U.S. Patent No. 5,440,915 also assigned to Automation Technology, Inc. 

and entitled 1.'A MethOd and Apparatus for Measuring Friction Torque'". The 

contents of both U.S. Patent Nos. 5,.218,860 and 5,.440,915 are hereby 

incorporated herein by reference. The subsequent processing is similar to that 

IO described above for deriving the dynamic speed characteristic, but produces 

the static speed character:istic since the transient component is no longer 

present. 

Fig. 8 shows graphically the change in speed for an llllloaded 4-pole 

PSC induction motor idling at steady state. Fig. · 9 shows the result of 

1s 1ransfonning the speed characteristics of the motor to the frequency domain. 

The :frequency spectrum shown in Fig. 9 provides clearer information 

regarding the motor than may be resolved in the time domain. Specifically, 

clearer information is derived regarding torque and speed fluctuations. 

The moment of inertia of the rotor may be determined by deriving two 

20 separate speed characteristics: one for the unloaded motor, and the other 

wherein a lmown. inertial load is applied to the motor shaft. Thus, the 

following steps are performed: 

(i) deriving the speed-time characteristic of the unloaded motor and 

el-ating the effects of fluctuations in the transients thereof, 

2s (uj couple to the motor an inertial load of known moment of inertia, 

(iii) deriving the speed-time characteristic of the loaded motor and 

eliminating the effec1s of fluctuations in the transients thereof; and 

(iv) processing the respective speed characteristics derived in (i) and 

(ih) so as to detennine the moment of inertia of the rotor. 

--- ----·-----

iii iii if 
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The calcula1ions are based on the following equations: 

For the unloaded motor 

( dOJ J M =Q· -
·· max · dt 

max 1 

where:Mmax is the maximum motor torque, 

Q is the moment of inertia of the motor's rotor (to be 

calculated), and 

m is the angular velocity of the motor. 

For the motor loaded with a known inertial load 0 l 

M..,.~(Q+Q.){':)~ 

(4) 

(5) 

is The maximum motor torque (Al,,,m) is constant and independent of any 

load applied thereto. Therefore: · 

. ·(dOJ) (d(j)) Q· -·· -· . =(Q+Q,)- ·-· 
. . dt max2 dt maxi 

(6) 

. 20 from which it can be derived that: 

(d(J)) 
dt max 

Q = 2 .Ql 

(~;)max, -(~;)max, (7) 
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The motor~ system 10 also allows derivatidii it the ripple torque of 

the motor when idling, i.e. under no-load steady-state conditions. For 

example, an indication of the magnitude of the strength of magnetic noise 

created by· an a.c. PSC induction motor when idling, may be thus determined. 

s During idling, the motor runs at a basically constant speed having 

superimposed thereon a slight ripple on ac.count of the changing torques 

created by the varying rotating magnetic field. 

Fig. l 0 shows graphically the product of the time derivative of the 

speed-time characteristic with the moment of inertia of the rotor indicative of 

ro the strength of the changing·torque created by the motor when idling under 

steady state conditions. 

The motor rem: system 10 also allows derivation of the varying torque 

of the loaded motor at working speed giving, for example, an indication of the 

magnitude of the strength of magnetic noise created by the motor when 

1s running at working speed. Likewise, this provides an indication of the 

magnitude of the strength of mechanical noise resulting from impacts against 

the load resulting from variations in motor torque. The speed of the motor and 

applied load vary owing to the variations in torque arising from: 

(i) the motor, 

20 (ii) the load, and 

(iii) poor coupling between the two. 

The product of the time derivative of the speed characteristic with the 

moment of inertia of the rotor added to that of the external load gives an 

indication of the s1rength of the changing torque created by the loaded motor 

2s when running at working speed. The varying torque also provides an 

indication of the magnitude of the strength of electrical and mechanical noise 

at working conditions of the loaded motor. 

Fig. 11 shows graphically the static torque-speed characteristic of the 

unloaded motor. At the end of every production cycle, an external load is 
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coupled to the motor and the speed-time characteristics of the loaded motor is 

determined. The time derivative of this curve, after removal of transient 

effects, and subsequent multiplication by the total moment of inertia of the 

rotor and external load together gives the static torque-speed characteristic of 

s the motor le8s the load. This can be shown as follows: 

where:M is the unloaded motor torque, 

10 Qi is the moment of inertia of the rotor, 

Qi, is the moment of inertia of the external load, and 

Mi is the load torque. 

(8) 

Fig. 12 shows graphically the static torque-speed characteristic 

depicted in Fig. 11 together with the speed-torque characteristic of the load, 

ts MI,;, being an air-conditioner fan. For such a load, the speed-torque 

characteristic is generally parabolic in shape, passes through the origin and 

intersects the motor torque-speed characteristic at the actual working speed of 

the motor. Fig. 13 plots the difference between motor torque-speed 

characteristic shown in Fig. 11 and the torque-speed characteristic of the load 

20 shown in Fig. 12 so as to derive: 

(9) 

The graph shown in Fig. 13 is derived dming acceleration of the motor 

2s from startup to its :full working speed under load. This characteristic is 

repeatable in respect of like loaded motors providing that the motor is started 

from the same point in the a.c. cycle of the supply voltage. For example, in a 

particular system reduced to practice, the motor was started at the point in the 

a.c. cycle where the voltage climbed through 0 volt. Thus. the characteristic 
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shown in Fig. 13 serves as an excellent tool for effe~a GO-NOGO test of a 

ba~h of similar loaded motors, so as to indicate which motor-load couples 

(air conditioner , water pumps, etc.) meet the design specification It should be 

noted that no previous use of the characteristic shown in Fig. 13 is known for 

s establishing the :functionality of a loaded machine. 

Having computed the loaded motor torque-speed characteristic shown 

·in Fig. 13~ the static torque-speed characteristic of the motor shown in Figs. 

11 and 12 may be subtracted in order to derive the torque-speed characteristic 

of the load shown graphically in Fig. 12. 

l"O The run-up state torque-speed characteristic of the loaded motor before 

the removal of fluctuations on the transient part of the characteristic has a 

generally similar .shape to. that of the unloaded motor as shown in Fig. 6 and is 

derived as follows. The dynamic speed characteristic is derived directly as 

explained above and its time. derivative is computed. Multiplication of the 

is tll:De derivative by the total moment of inertia of the rotor and external load 

together gives the dynamic torque-speed characteristic of the motor less the 

load, as is clear from equation (9). Thus, this characteristic serves as an 

excellent tool for comparing the dynamic performance of a batch of similar 

motors. 

20 It should be noted that no previous use of this characteristic is known 

for establishing the functionality of a loaded machine and for obtaining an 

indication of the magnetic noise of the motor plus load during acceleration 

from startup. Likewise, no prior use of this characteristic is known for 

obtaining an .indication of mechanical noise resulting from variations in 

2s torque acceleration from startup. 

During normal working conditions of the loaded motor. the motor and 

load move at a speed which varies slightly owing to variations in torque 
. . 

arising ftom: 
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(i) the motor, 

(ii) the load, ~ 

(iii') poor coupling between the two. 

The j:>roduct of the time derivative of the speed characteristic with ~e 

s moment of inertia of the rotor added to that. of the external load gives an 

indication of the strength of the changing torque created by the loaded motor 

when running at working speed. The varying torque also provides an 

indication of the magnitude of the strength of electrical and mechanical noise 

at working conditi~ of the loaded motor. 

10 Most of the te~ descn"bec,l above relate to the complete motor, either 

loaded or unloaded~ However, the invention also contemplates the testing of 

components of a machine by comparison to a nominal ''ideal" machine. For 

example, in order to test· different ~ a pre..calibrated, high performance 

stator is used and the above testS may be performed.so as to derive both the 

is Static and dynamic perfomiance of the motor. By repeating these tests in 

respect of the same motor using different rotors, the performance of the rotors 

may be compared. Likewise, by employing a pre-calibrated, high performance 

rotor and substituting different stators, the performance of the stators may be 

compared. 

20 So far, the methods whiCh. have been described relate to the 

measurement of the transient·. part of. the speed~time or speed-torq~ 

characteristics, froni start~up of the machine until steady sate is reached. Thus, 

by measuring the actual time of each pulse, it has been demonstrated that the 

speed-time or speed-torque characteristics can be determined with much finer 

25 resolution than can be resolved by measuring the average rotation in a fixed 

time period. As a result, fluctUations which occur during the transient part of 

the motor chDcteristics can a}so be ~lved, thus providing infmmation 

regarding motor performance which has eluded hitherto proposed approaches. 
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lt has also 'Ifi~Kn explained that, even whm!;t\l unloaded machine 

reaches steady stab; the nominally constant speed or torque is also subjected 

to perturbations or ripple which become measurable when the characteristics 

are detemiined according to the invention. 

s However, it has been found by the inventor that even when the loaded 

machine reaches steady state under actual working conditions,· the nominally 

constant speed or torque is also subjected to perturbations or ripple which 

become measurable when the characteristics are detennined according to the 

invention. This, too, provides invaluable information which is completely lost 

10 when the speed-time or. speed-torque characteristics are derived using 

conventional methods~ In this case, of course, there is no need to measure the 

speed of the machine from startup and it is no longer relevant to latow, for an 

a.c. machine, when hi the a.c. voltage cycle power was supplied to the 

machine. All that is required is to measure the speed-time characteristic of the 

ts machine after reaching steady state in real time, in order to derive what is, in 

effect, a real time dynamic speed-time characteristic of the machine at steady 

state. The nominally constant speed is found to have a dynamic ripple 

component which serves as a valuable indicator of the performance of the 

motor and applied load. Specifically, too much ripple is indicative of a 

20 working motor which is improperly :functioning and therefore the amount of 

ripple serves as a yardstick as to whether the perfonnance of the working 

motor is acceptable or not. Therefore, by constantly monitoring the steady 

state performance of the loaded motor under working· conditions and 

comparing the magnitude of the ripple component to a predetennined 

2s threshold, a warning can be giVen in the event that the loaded motor or any 

component thereof does not meet the design specification. 

The invention also allows measurement of oscillating torque and speed 

during steady state condition so as to derive speed-time and torque-time 

characteristics in both the time and frequency domains. In such case, it is 
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possible either to wait until the rotating shaft has reached to its . steady state 

speed or, alternatively, to couple a high inerti~ flywheel to the rotating shaft so 

as deliberately to sl()W down the time to reach steady-state. In suf.ili case, 

steady state oscillating torque and speed phenomena will appear during the 

s acceleration, these being disceim'ble. owing to the fact that many more 

sampling points are a.vaUable than in hitherto-proposed test beds. It has been 

found that the dynamic ripple highlights ~aults with the machine that would 

not otherwise be appm:ent 

Fig. 14 shows the speed~tbJl.e ~cs of a motor when a 

10 :flywheel having a high moment o.f inertia is coupled to its shaft. The motor 

speed climbs slowly ftom zero reaching idling speed after approximately 035 

sec as against 0.1 ·sec without the :tlyWheel It will be noticed that 

superimposed on the steady state speed-time characteristics are oscillations 

depicted small changes in the steady state speed of the motor. These are 

ts always present but are unnoticeable when the motor speed rises to steady state 

speed quickly. 

Fig. 15 shows the effect of zooming the motor speed-time 

characteristics shown in Fig. 14 cent~d at a speed of 1,260 rpm, showing 

more.clearly the periodic rise and fiill ~ steady-state motor speed. This curve 

20 serves as a yardstick for categorizing steady-state performance of a loaded 

motor at a $peed of.l,260rpm. 

Fig. 16 sho'YS the speed · spectrum. deriVed from the speed-time 

characteristics shown in Fig. 15 centered 8ro1llld a speed of 1,260 tpm. It will 

be noticed that the speed spectrmn indicates a fundamental :frequency of 

25 100 Hz, this .corresponding to twice the ~quency of the a.c. supply. 

Fig. 17 shows the torque-tjme characteristics derived by differentiating 

the speed-time characteristics shown in Fig. 14 with respect to time and 

multiplying by the. combined moment of inertia of the flywheel and motor. 
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The figure show~i;-s~ar o8cillations in torque ';ti'.i\re observed in the 

speed-time curve ofFig. 14. 

· FJg. 18 shows the effect. of zooming the motor torque-time 

characteristics shown in Fig. 17 centered at a speed of 1,260 rpm, showing 

s more clearly the periodic rise and fall in steady-state motor torque. As seen 

from Fig. 14> the motor reaches a speed of 1,260 rpm at time t = 0.3 sec. Fig. 

18 is thus derived by zooming in on the motor torque-time characteristics 

centered around t = 0.3 sec. This curve serves as a yardstick for categorizing 

steady-state performance of a loaded motor at a.speed of 1,260 rpm. 

10 Fig. 19 shows the torque spectrum derived from the torque-time 

characteristics shown in Fig. 18 centered around a speed of 1,260 rpm. It will 

again be noticed that the torque spectrum indicates a fundamental frequency 

of 100 Hz, this corresponding to twice the :frequency of the a.c. supply. 

Fig. 20 the steady state frequency speed spectrum curve for an air 

IS conditioner displaying a gust problem, which manifests itself as a large 3Hz 

component 

Fig. 21 shows the steady state :frequency speed spectrum curve for a 

good air conditioner showing a small 3Hz component. 

Fig. 22 shows the regular steady state speed time characteristic for an 

20 air conditioner produced by repeatedly adjusting the shutter and deriving and 

displaying the speed-time characterlstic of the fan for different shutter 

positions. This shows that fluctuations in the speed of the fan are small, 

indicative ofhigh quality perfonnance of the air conditioner. 

Fig. 23 shows the speed time characteristic for a faulty air conditioner 

25 produced by repeatedly adjusting the shutter and deriving and displaying the 

speed-time characteristic of the fan for different shutter positions. In this cas~ 

sharp fluctuations in the speed of the fan are shown, indicative of low quality 

performance of the air conditioner. 
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Fig. 24 is a bl~ck diagram showing functionally a dynamic torque and 

sp~ed analyzer 40 for displaying speed or torque characteristics of a rotating 

shaft 41 as derived accOrding to the invention. The dynamic torque and speed 

analyzer 40 comprises a sampling unit 42 for sampling measured speed or 

s torque over a time interval and from an initial sampling time both selected by 

the user. A display 43 is coupled to the sampling unit 42 for displaying 

sampled speed and/or torque characteristics. A control panel 44 allows 

control of a first x-axis scale in respect of time or frequency, and of a secon~ 

orthogonal y-axis sCal}e in respect of torque or speed Typically, the x-axis is 

IO horizontal and the y-axis is vertiQal, although this is a matter· of convention 

and, if desired, the· axe8 may be reversed The control panel 44 allows the 

sampling time interva.I of.the sampling unit 42 to be adjusted by the user, thus 

providing greater flexibility, since ·the longer the sampling time interval, the 

more samples are obtained. 

is It will be apparent that modifications may be made to the preferred . 

embodiments without departing from the spirit of the invention. Thus, whilst 

the preferred embodiments have been descn"bed with particular regard to an 

a.c. PSC induction motor; the invention is equally well suited for use with 

other types of a.c. and d.c. motor. Obviously, the actual speed-time and 

20 speed-torque characteristics of different types of machine will be different; 

although the charactCrisiics of a given type of machine afford a good indicator 

of unacceptable departure from the Ill8llufacturer' s design specification. 

It should also be noted that whilst obviously electrical motors are most 

amenable to testing aS descn"bed, the motors need not be powered by 

.2s electricity in order to benefit from the particular advantages of the invention. 

Thus, for example, ·the dynamic perfonnance of steam-powered engines as 

well as petrol and diesel and other· fuel engines can be advantageously 

measured using the invention in order to provide valuable information that is 

lost using conventional methods. 
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Lik.ewise, m:1tiflprefeaed embodiments the tllfii~ods of successive 

pulses generated by the rotary shaft encoder are measured. However, seeing 

that the invention typically offers a thousand-fold improvement in resolution 

of the dynamic effects of the speed and torque characteristics over 

s conventional methods, it is clear that significant improvement is still 

achieved, even if the periods of only every second or third pulse are 

measured, for example. 

Finally, whilst the invention has been described with particular 

example to the perfonnance testing of rotating machines, it is to be 

10 understood that the invention affords better resolution of the measureriient of 

angular rotation regardless of any specific application to which this is 

directed. 

In the method c~ that follow, alphabetic characters used to 

designate claim steps are provided for convenience only and do not imply any 

is particular order ofperfonningthe steps. 

This Sheet Has Been Replaced 

l~IM/1111111 
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CLAIMS: i11i1iiilliiUT 
1. A method for measuring an angular rotation of a rotating shaft (22), 

the method comprising the steps of: 

(a) attaching to the shaft a digital rotary encoder {23) which successively 

s generates opposing binary logic states such that anY pair of sequential 

logic states corresponds to a known angular rotation of the shaft, 
. ' 

(b) rotating the shaft, and 

( c) measuring an accumulated elapsed time interval between successive 

pairs of logic states generated by the digital rotary encoder so as to 

10 allow derivation of the angular rotation or a :function thereof of the 

shaft. 

2. A method for testing a perf~ce of a rotating machine {2l)or of a. 

component thereof, the method comprising the steps of: 

(a) attaching a shaft (22) of the rota$g.machine (21) to a digital rotary 

ts encoder (23) which generates opposing binary logic states such that 

any pair of sequential logic states corresponds to a known angular 

rotation of the rotating machine, and 

(b) measuring an accumulated elapsed time interval between successive 

pairs of logic •states generated by the digital rotary encoder during 

20 rotation of the machine so as tC) allow derivation of a speed-time 

characteristic of the rotating machine or a function thereof: 

3. The method according to Claim 4 for testing a dynamic performance 

of the rotating machine, wherein: · 

(a) power is supplied to the rotating machine at a specified time, and 

25 (b) the respective time periods of successive logic states generated by the 

digital rotary encoder are measured from approximately the 

application of power to the r<;>tating machine until the rotating 

machine reaches a desired speed. 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
* C L M S * 
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4. The method lcOOrd~ to Claim 2 or 3, furthelli\e~g: 

(d) calculating a torque of the rotating machine by reference to a 

predetennined moment of inertia of the rotating machine and the 

measured speed-time characteristic of the rotating machine. 

s 5. The method according to Claim 2 for detennining the dynamic 

performance of the rotating machine after it has reached steady state speed, 

further including: 

(d) determining a dynamic torque-speed characteristic of the rotating 

machine from a predetermined moment of inertia of the rotating 

10 machine, said dynamic torque-speed characteristic having a constant 

static level with a ripple component superimposed thereon. 

6. The method according to Claim 3, further including: 

(e) removing fluctuations on the transient part of the speed-time 

characteristic, and 

1s (f) determining a static torque-speed characteristic of the rotating 

machine from the moment of inertia of the rotating machine. 

7. The method according to Claim 6 for removing fluctuations on the 

transient effects dming acceleration of an electrical machine until it reaches 

steady state speed, including: 

. 20 (a) locking the shaft of the electrical machine, 

(b) monitoring the stator current of the electrical machine, and 

( c) releasing the shaft of the elec1rical machine when the stator current 

achieves a st.early state value. 

8. The method a-ccording to Claim 6 for removing fluctuations on the 

25 transient effects-during acceleration of a PSC type a.c. inductioi:i motor having 

a stator comprising a main coil and an auxiliary coil which may be switched 

in parallel with the main coil, the method including: 

(a) feeding current initially to the main coil only at a known angle in the 

a.c. supply voltage cycle, 

-------~--- I Illflll llllil-11111 Ifll lr!RI 
* C L M S * 
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(b) monitoring the stator cmrent in the main coil, and 

( c) switChing the m.pdliaey coil in circuit when the stator current in the 

main coil achieves a steady state value at the same lmown angle in 

the a.c. supply voltage cycle. 

s 9. The method ·according to Claim 6 for removing fluctuations on the 

transient effects during acceleration of a rotating machine until it reaches 

steady state speed, including: 

(a) rotating the shaft in an opposite d:irection to a normal rotation 

direction, and 

1 o (b) during 1he time that the rotating machine changes direction, 

commencing sampling of the speed-time characteristics. 

10. The method according to Claim 6, including: 

(a) compliting the time derivative of the static speed-time characteristic, 

(b) multiplying th~ time derivative obtained in (a) by a total moment of 

1s inertia of the- rotating machiile and a combined external load so as to 

derive a speed-torque chara:cteristic of the loaded machine, and 

(c) subtracting the static speed:.torque characteristic of the rotating 

machine from the speed-torque characteristic of the loaded machine 

derived in (b) so as to derive the torque-speed characteristic of the 

. 20 load. 

11. The method according to Claim 6, including: 

(a) computing the time derivative of the static speed-time characteristic, 

(b) multiplying the time derlVative obtained in (a) by a total moment of 

inertia of the rotating machine and a combined external load so as to 

2s derive a speed-torque ~cteristic of the loaded machine, and 

(c) perfonning a GO-NOGO of the loaded machine as a function of the 

speed-torque characteristic thereof. 

111111111111111111111111111111 
* C L M S * 
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12. The method.:a~~g to Claim 3~ wherein t11i¥~ting machine is an 

ele~cal motor having a rotor and a pre-calibrated stator and steps (a) to (c) 

are ·repeated in respect of different rotors so as to test relative performance 

characteristics of the rotors. 

s 13. The method according to Claim 3 or 6, wherein the rotating machine 

is an electrical motor having a rotor and a pre-calibrated stator and steps (a) 
. 

and (b) are repeated in respect of different rotors so as to test relative 

performance characteristics of the rotors. 

14. The method according to Claim 3, wherein the rotating machine is an 

to electrical motor having a st.ator and a pre-calibrated rotor and steps (a) to (c) 

are repeated in respect of different stators so as to test relative perfonnance 

characteristics of the stators. 

15. The method according to Claim 3 or 6, wherein the rotating machine 

is an electrical motor having a stator and a pre-cah"brated rotor and steps (a) 

15 and (b) are repeated in respect of different stators so as to test relative 

perfonnance characteristics of the stators. 

16. The method according to Claim 3, further including: 

( c) adding to the shaft of the rotating machine an inertial load (14) 

having a known moment of inertia, 

. 20 (d) deriving respective speed characteristics of the rotating machine with 

and without the inertial load, and 

( e) processing the respective speed characteristics derived in (d) so as to 

determine the moment of inertia of the rotating machine's rotor. 

17. The method according to Claim 2 or 3, further including: 

2s (t) detennining from the dynamic speed-time characteristic of the 

rotating machine varying torque thereof prior to attainment of steady 

state perfonnance. 

18. The method according to Clallri 5 or 17t wherein varia:tions in speed 

or torque are used as a measure of machine noise. 

·-·· ·--· -··--··----·--

iiii1llif 
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19. The method according to CJ.ahn S or 17, wherein variations in speed 

or ~orque are used as a measure of machine imbalance or vibration. 

20. The method . acconting to any one of the Claims 3 to 19, further 

including: 

s (g) Fourier transforming the speed-time characteristic of the rotating . 

machine so as t~ derive a :frequency spectrum thereof. 

21. The method according to Claim 20 for removing fluctuations on the 

transient effects during acceleration of the rotating machine until it reaches 

steady state speed, further including: 

10 (h) filtering the frequency spectrum so as to remove higher .:frequency 

components; and 

(i) transforming the resulting spectrum back to the time domain. 

22. The method according to any one of Claims 4, S, 10, 11 and 17, 

:further including: 

is (g) Fourier transforming the· torque-time characteristic of the rotating. 

machine so as to derive a torque :frequency spee1rUm and speed 

frequency spec1rum thereo£ 

23. The method aCcording to any one of Claims 2 to 4, including deriving 

an oscillating speed characteristic · at a steady state speed of the rotating 

20 machine, comprising the steps of: 

(e) allowing the rotating machine to reach its steady state speed, and 

(f) deriving the steady-state speed curve having superimposed thereon 

said oscillating speed characteristic. 

24. The method according to any one of Claims 3 to 4, including deriving 

25 an oscilJating speed. characteristic during a build-up to steady state speed of 

the rotating machine, comprising the steps of: 

(g) coupling a high inertia :flywheel to the rotating shaft so as dehoerately 

to slow down the time to reach ste:ady-state, 

\ \\\\\~ \"~ \\~ i\l i ~' .. 
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(h) deriving a·::,St~~-state speed-time charaMc of the rotating 

machine varying speed thereof subsequent to attainment of steady 

state perfonnance, and 

(i) zooming in on a desired range of speeds of the rotating machine so as 

s to derive for a limited time frame the speed-time characteristics 

having superimpose(! thereon said oscillating speed characteristic. 

25. The method according to Claim 23 for deriving an oscillating torque 

characteristic at a steady state speed of the rotating machine, further 

comprising the step of: 

10 (g) differentiating the speed-time curve with respect to time and· multi-

plying by a moment of inertia of the rotating machine so as to derive 

varying torque as a :fimction of time. 

26. The method according to Claim 24 for deriving an oscillating torque 

characteristic at a steady state speed of the rotating machine, further 

ts comprising the step of: 

(h) differentiating the speed-time curve with respect to time and multi­

plying by a moment of inertia of the rotating machine so as to derive 

vmying torque as a function of time. 

27. The method according to Claim 23 or 24, further including the step 

. 20 of: 

(j) Fourier transformirig the torque-time or speed-time characteristic of 

the rotating machine so as to derive a frequency torque spectrum or 

frequency speed spectnun thereof. 

28. The method according to Claim 25 or 26, further including the step 

2s of: 

{k) Fourier transfOlllling the torque-time or speed-time characteristic of 

the rotating machine so as to derive a frequency torque spectrum or 

frequency speed spectrum thereof. 
·--·---·-- -- ----
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29. The method according to Claim 3 for testing a steady state 

p~onnance of a rotating machine or of a component thereof in real time,· 

wherein: 

(a) said shaft remains coupled to the digital rotary encoder for a desired 

s time duration, and 

(b) said respective time periods of pulses generated. by the digital rotary 

encoder during rotation of the machine are constantly measured in 

real time duriilg said desired time dmation. 

30. The method a~cording to Claim 29, wherein: 

io (a) said time duration is selected to be short so as to obtain an initial 

performance ch8ra.cteristic of the rotating machine when operating at 

acceptable design conditions, and 

(b) during actual working of the machine the time dmation is selected to 

be unlimited so as to detect a departure :from the acceptable design 

ts conditions. 

31. The method according to Cl&im 2 or 3, for testing an operational 

performance of an air-conditioner, wherein the rotating machine is a motor 

coupled with a fan of the air-conditioner, and there are included the steps of: 

(a) allowing the fan to reach steady-state speed, 

20 (b) deriving the speed-time characteristic of the fan, and 

(c) Fourier transforming the speed-time or torque-time characteristic of 

the rotating machine so as to derive a frequency speed spectrum or 

frequency torque spectrum thereof; 

whereby a :frequency harmonic in the speed or torque of the fan 

2s having a high amplitude, indicative of low quality performance thereof, is 

highlighted. 

32. The method. according to Claim 2 or 3, for testing an operational 

performance of an air-conditioner having an adjustable shutter for adjusting a 
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direction of a.Jimv, wherein the rotating maclfi· is a fan of the air­

. conditioner, and there are included the steps of: 

(a) allowing the fan to reach steady-state speed, and 

(b) repeatedly adjusting the shutter and deriving and displaying the 

s speed-time characteristic of the fan for different shutter positions; 

whereby sharp fluctuations in the speed of the fan, indicative of low 

quality perfonnance thereof, are highlighted. 

33. A method for displaying speed or torque characteristics of a rotating 

shaft derived according to any one of the preceding Claims, further including 

IO the steps of: 

(a) sampling measured speed or torque at regular time intervals from a 

known initial sampling time, 

(b) displaying measured speed or torque samples versus time or 

frequency, 

1s ( c) controlling a first x-axis scale in respect of time or :frequency, and 

( d) controlling a second orthogonal y-axis scale in respect of torque or 

speed. 

34. An apparatus (20) for measuring an angular rotation of a rotating 

shaft (22), the apparatus comprising: 

20 (a) a coupling unit for attaching to the shaft a digital rotazy encoder (23) 

25 

which generates opposing binary logic states for a known angular 

rotation of the shaft, such that any pair of sequential logic states 

corresponds to a lmown angular rotation of the shaft, and 

(b) a timer (31, 32) for measuring and accumulating respective time 

35. 

periods of successive opposing binary logic states generated by the 

digital rotary encoder so as to allow derivation of the angular rotation 

or a function thereof of the shaft. 

An apparatus (20) for testing a performance of a rotating machine 

(21) or of a component thereof: the system comprising: 

iiiifir I IB1111 ~llfl 11111 1111111 1111 
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(a) a coupling unit for attaching a shaft (22) of the rotating machine to a 

digital rotary encoder_ (23) which generates opposing binary logic 

states for a known angular rotation of the machine, such that any pair 

of sequential logic states corresponds to a known angular rotation of 

s the machine, 

(b) a power supply (28) for supplying power to the rotating machine at a 

specified time, 

(c) a timer (31, 32) for measuring respective time periods of successive 

opposing binary logic states generated by the digital rotary encoder 

10 from approximately the application of power to the rotating machine 

until the rotating machine reaches a desired speed. and 

( d) a computer (25) coupled to the timer for accumulating respective 

time periods of the successive opposing binary logic states generated 

by the digital rotary encoder so as to allow derivation of a dynamic 

1s speed characteristic of the rotating m8.chine and for storing in a 

memory thereof for further processlllg, as required. 

36. The apparatus according to Cl8.im. 35, further including a display 

device (27) coupled ·to the computer for displaying graphically the dynamic 

speed characteristic of the rotating maehine or a function thereof after 

20 processing. 

37. The apparatus according to Claim 35 or 2, being adapted to remove 

transient effects so as to derive static speed characteristics of the rotating 

machine. 

38. The apparatus· according to ~y one of Claims 35 to 3, wherein the 

2s timer comprises: 

an oscillator (31) for producing high frequency clock pulses of lmown 

frequency at an outputtbereof, and 

first and second counters (32, 33) each having a clock input {CLIC) 

coupled to the output of the oscillator, each having an enable input (ENABLE) 
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coupled to the shaft encoder (23) for receiving successive encoder pulses 

during sequential ~ogic states of the encoder and being coupled to the 

computer for feeding thereto respective logic states of the shaft encoder, and 

each having a resett~ (DST) ~nsively coupled to the computer so as 

s to enable the first and ~econds co~ to be reset thereby; 

whereby e~·ofthe COtmters counts a number of clock pulses between 

successive encoder pulses dming a respective logic state of the encoder and 

the computer acc~ulates respectiv~ time intervals during successive logic 

states of the encoqer by multiplying the number of clock pulses during the 

10 respective logic ~s during ~ successive logic state_ by the clock 

frequency and accmnulating said respective time intervals. 

39. The apparatus (40) accor~g to any one of Claims 34 to 4 for 

displaying speed· or torque characteristics of a rotating shaft, further 

including: 

is a sampling unit (41) for sampling.measured speed or torque at regular 

time intervals from a known initial sampling time, 

a display (42) for ~playing sampled speed and/or torque 

characteristics, and 

a control panel (43) for all9wing control of a first x-axis scale in 

20 respect of time or fi:Cquency, and for allowing control of a second orthogonal 

y-axis scale in respect of torque or speed. 

40. The appafatiis according to. Claim 5, wherein the control includes a 

control for adjusting said time intervals. 

41. The app~~ according to Claim 5, wherein the control includes a 

2s control for adjusting the initial sampling time. 
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.. . AMENDED CLAIMS 
[received by th~ International Bureau on 26 October C~9((26.10.99); 

Original claims 1-41 replaced by new claims t-80 (11 pages)] 

19. The method according to Claim 5 or 17, wherein variations in speed 

or t.orque are used as a measure of machine imbalance. 
' 

20. The method according to any one of the Claims 3 to 19, tbrther 

including: 

s (g) Pourier transfmming thC · speed-time ohamcteristic of the rotating 

machine so as to derive a ftequency spectrum thereo~ 

21. The method accotding to Claim 20 fcir removing tluctuations on 1he 

transient effects during acceleration of the rotating machine until it reaches 

st.eady state speed, filtther including: 

to (h) filtering the frequency spectrum so as to remove higher frequency 

Components, and 

(i) transforming 1he resulting spectrum back to the time dmnain. 

21. The method according to any one of Claims 4, S, 10, 11 and 17, 

further including: 

is (g) Fourier transforming the torque-time chatacteristic and the speed-

time cbaractcristic of the rotating. machine so as to derive a torque 

frcqucncy spectrum and speed frequency spectrUm thereof. 

23. 1be method according to any one of Claims 2 to 4, including deriving 

an oscillating speed cbaracttrlstic at a steady state speed of the rotating 

20 mad>inc, «>mprising the steps of 

(e) allowing the rotating machine to reach its steady state speed, and 

(f) deriving lhe steady-state speed curve having superimposed thereon 

said oscillating speed cbaracteristic. 

24. The method ac.cording to Claim 3 or 4. including deriving an 

2s oscJ1lating speed characteristic during a build-up to steady state speed of the 

rotating maohine., comprising the steps of~ 

(g) coupling a high inertia ftywhcel to the rotating s~ so as deliberat.ely 

to slow down the time to reach steady-sac, 
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(a) a coupling unit for atmching a shaft (22) of the rotating ma.chine to a 

digital rotary encoder (23) which generates opposing binaly logic 

states tor a known angular rotation of the machine, such that any pait 

of sequen1ial 1ogic states corresponds t.o a known angular rotation of 

s the machine, 

(b) a power supply (28) for supplying power to the rotating machine at a 

specified time, 

(e) a timer (3 lt 32) for measuring respedive time periods of successive 

opposing binary logic states generated by the digital rotary encoder 

to from approximately the application of power to the rotating machine 

until the rotating machine reaches a desired speed, and 

(d) a computer (25). coupled to 1he timer for accumulating respectiw 

time periods of the successive opposing binary logic states genem.ted 

by the digital rot.sty encoder so as tD allow derivation of a dynamic 

15 speed characteris1ic of the rotating machine ud for st.ming in a 

memory 1hereof for further processing, as required. 

36. The apparatus according to Claim 35, furfber including a display 

device 0.1) coupled to the computer for displaying grapbitally the dynamic 

speed charact.eristic of the rotating machine or a function thereof after 

20 processing. 

37. The apparatus according to Claim 35 or 36. being adapted to·rcmove 

transient effects so as to derive static speed characteristics of the rotating 

machine. 

38. The apparatus according to any one of Claims 3S t.o 37, wherein the 

2s timer comprises: 

an oscillator. (31) for producing high frequency clock pulses of known 

frequency at an ou1pUt thereof; and 

first and second counters (32. 33) each having a clock input (CUC) 

coupled to the output of the oscillator. each having an enable input {ENABLE) 
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coiipled to the shaft encoder (23) for receiving successive mcoder pulses 

durlug sequential logio states of the encoder and being coupled to the 

computer for feeding thereto respective logic states of the shaft encoder, and 

each having a\ reset tamma1 (RSr) responsively coupled to the computer so as 

s to enable the :first and seconds counters to be reset thereby; 

whereby each of the co1Jllters counts a number of clock pulses between 

successive encoder pulses during a IeSpeCtive logic state of the encoder and 

the computer accumulat.es respective time intervals during successive logic 

states of the encoder by multiplying· the number of clock pulses during the 
' 

10 respective logic states during each successive logic state by the clock 

frequency and accumulating said respective time intervals. 

39. The appata• (40) accordiog to any one of Claims 34 to 38 for 

displaying speed. Or. torque characteristics of a rotating shaft, further 

including: 

ts a sampling UDit (41) for sampling measured speed or torque at regular 

time intervals from a known inittal.sampling time, 
a display (42) for displaying sampled speed and/or torque 

charactaistics, and ·· 

a control panel ( 43) for allowing control of a first x-axis scale in 

20 respect of time or frequency, and for allowing control of a scgond orthogonal 

y-axis sc8.ie in respect of torque or speed 

40. ~ apparatus accordiog to Claim 39, wherein 1he control includes a 

control for adjusting said time interYals. 

41. The apparatus acx:ording to Claim 39, whm:in the comrol includes a 

2S control for adjusUng 1he initial sampling time. 

42. A method for dynamic testing of an unloaded rotating machine (21), 

the method comprising the steps oe 
(a) deriving a dynamic $peed-time cbaracteristio of the machine, and 

\ \lltll\ \1\1\11111\ \11\1 \I Ill\ 
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(b) analyzing the dynamic speed-time clmact.eHStid of the madUne in 

order to dmve a perfonnance characteristic of the machine. 

43. The method according to Claim 42, wherein st.ep (a) is performed 

wbilst accelemting the machine (21) under no-loid condition :from standstill 

5 t.o steady state speed. 

44. The method according to Clitim 42, wherein step (a) is performed 

after the ~hm.e (21) has reached steady state speed. 

45. The method according to Claim 43 or 44, fbrther including: 

(c) calculating a torque of the rotating machine by reference to a 

10 predetemrlned moment of inertia of the rotating ma.chine and the 

measured speed-time charactrrlstic oftlie rotating machine. 

46. The method according to Claim 44 for determining the dynamic 

perfoanance of the rotating machine after it has reached steady state speed, 

further including: 

ts (c) determining a dynamic torque.speed chatacteristio of the rotating 

machine from a predetermined moment of inertia of the rotating 

machine, said dynamic torque-speed characteristic having a CODStant 

static level with a tipple component superimposed thereon. 

47. The method according to Claim 43, :further including: 

20 (c) removing fluctaations on a tramieni part of the speed-time 

cbaracteriStlc, and 

(d) determining a static torque-speed characteristic of the rotating 

marbine ftom. the moment of inertia of the rotating machine. 

48. The method aocording to Claim 47 for removing fluctuations on the 

2s transient etfects during BCQeleration of an elecfrlcal machine until it .reaches 

steady Sb* speed, includmg: 

~-zr;=- . " -

(e) locking the shaft of the electrical machine, 

(f) monitor.ing the stator cumnt of the electrical madrlne, and 111111111111' llll lllll IHlll 
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(I) releasing the shaft of the electrical machine when ~e stator current 

achieves a steady state value. 

49. The mdhod according to Claim 47 for removing fluctuations on the 

transient effects during accelemtion of a PSC type a.c. induction motor having 

s a stator comprising a main coil and an auxiliary coil which may be switched 

in parallel with the main coil, tho method including: 

(e) fcecling cmrent initi.a11y to the main coil only at a known angle in the 

a.c. supply voltage cycle, 

(f) monitoring the stator cuaent in the main coil, and 

10 (g) switching the auxiliary coil in circuit when the stator current in the 

main coil achieves a stmdy state value at the same known angle in 

~ a.c. supply voltage cycle. 

50. The method according to Claim 47 for removing tluctua1ions on the 

transient effects during acceleration of a rotating machine until it reaches 

zs siady s1ate speed, including: 

(e) rotating . the shaft in an opposite .direction to a normal rotation 

direotion, and 

(I) during the time· that the rotating machine changes direction, 

·commencing sampling of '1te speed-time characteristics. 

20 51. 

(e) 

(f) 

The method according to Clahn 47, including: 

computina the time derivative of the static speed-time. characteristic, 

multiplying the. time derivative obtained in (e) by a total moment of 

inertia of the fOtating machine and a combhled external load so as to 

derive a speed-~ cb.aractaistic of the loaded madaine, and 

25 (I) subtracting· the static peel-torque ~c of the rotating 

machine .ftont the speed-t.orque characteristic of the loaded machine 

derived in (f) so as to ·derive the•~ charaacristic of the 

load. 
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52. The method according to Claim 47, including: 

(e) computing the time derivative of the static speed-time characteristic. 

(t) multiplying the time derivative obtained in (e) by a total moment of 

inertia of the rotadng machine and a combined external load so as to 

s derive a speed-torque characteristic of the loaded machine, and 

(I) performing a GO-NOGO of the loaded machine as a fimotion of the 

speed-torque diaracteristic thereof, 

53. The method according to Claim 43, wherein the rotating machine is 

an elecfriad motor having a rotor and a pre-calibrated stator and steps (e) to 

10 (g) are repeated in respect of different rotors so as to test relative performance 

characteristks of the rotors. 

54. The method according to Claim 43 or 47, wherein the rotating 

machine is an electrical mot.or having a rotor and a pre-calibmt.ed stator and 

st.cps (e) and (f) m: repeated in respect of difli:rent rotors so as to.test relative 

is performance cbaramri.s1ics of the rotors. 

55. The method according to Claim 43, wha:ein the rotating machine is 

an electrical motor having a stat.or and a pre-calibrated rotor and steps (e) to 

(g) are repeated in respect of differa.rt stators so as to test relative 

performance characteristics of the stators. 

20 56. The method according to Claim 43 or 47, wherein the rotating 

maclllne is an electrical motor having a stator and a pre-cahl>rated rotor am! 

steps (e) and (f) are repeated in respect of different stators so as to test relative 

perfonnance characteristics of the stators. 

57. The method according to Claim 43; further including; 

25 (j) adding to the shaft of the tota1ing macbine an inertial load (14) 

baVing a lalown moment of inertia, 

(k) deriving RSpeetive speed characteristtcs of the rotating maddne with 

and without the mertial load, and 
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(I) processing the respective speed chmcteristic:s derived in (~ so B$ to · 

detemdDe the moment of inertia of the rotating machine's totor. 

SS. . The method according to Claim 43 or 44. ibrthcr mcluding: 

(m) dcta:mining ftQm the dynamic speed~time charactcrlstic of the 

s rotating mad)ine varying torque thereof prior to attainment of steady 

state performance. 

59. The method according to Claim 46 or 58, wherein variations in speed 

or torque are used as am~ of machine noise. 

60. The method according~ Claim 46 or 58, wherein variations in speed 

io or torque are used as a measure of ma®me imbalance. 

61. The method according to any one of Claims 43 to 60, further 

including: 

(n) Fourier transforming the speed-time characteristic of the rotating 

. machine so as1g derive a frequency spectrum thereof. 

is 62. The method according to Claim 61 for removing fluctuations on the. 

transient etfects during acceleration of the rotating machine. until it reaches· 

steady st.ate speed, :further including: 

(o) filtering. the frequency s~ so as to remove higher frequency 

components, and 

20 . (p) transforming the resulting spectrum. bade to the time domain. 

63. The method ~to any one of Claim& 45, 46, 51, 52 and s~ 

tbtther including: 

(h) Fourier uamforming the torque-~e chatacmristic and the speed­

time characteristic of the rotating machine so as to· derlye a t.orqae 

2S frequency spectrum and speed frequency spectrum. thereof. 

64. The method according to any one. of Claims 42 to 45. including 

~ an osoi1lating speed ~c at a steady state speed of the 

rotating madrinet comprising the steps of 

(J1 allowing the rotating machine to reach its steady state speed, and 

1111111111111111111 11111111111 
* C L M S * 

This Sheet Has Been Replaced AMENDED SHEET (ARTICLE 19) 

· I \ft\\\\~\\\\\~\\\\ ~l 



-~·· 

W09!>/66335 

-45-

~~f,k\ 1\~:,,7~1 

PCTJIL99/0029G 

(k) deriving the steady-state speed curve having s~d thei'eon 

said oscillating spee.d characteristic. 

6~ The method according to Claim 43 to 44, includiilg deriving an 

oscillating speed characteristic during a build-up to steady state speed of 1he 

s rotating machine, comprising the steps of 

(I) coupling a high inertia tlywheel to the rotating shaft so as deliberately 

to slow down the time to reach steady-~ 

(m) deriving a steady-state speed-time cbaractcri.stic of the rotating 

machine varying speed thereof subsequent to attainment of steady 

10 state perfomumce, and 

(n) zooming in on a desired range of speeds of the rotating machine so as 

tO derive for ·a limited time iame the speed-time characteristics 

having Superimposed thereon said oscillating speed charact.eristic. 

66. The method according t.o Claim 64 for deriving an oscillating torque 

ts cbaraderistlc at a steady state speed of the rotating machine, further 

comprising the step of: 

(i) differentiating the speed-time Curve with respect to time and multi­

plying~ a moment of inertia of the rotating machine so ~to derive 

varying t.orque as a function of time. 

20 67. The methOd aocording to Claim 65 for ~g an oscillating torque 

characterlStic at a steady state speed of the rotating machine, further 
com.prising 1he step of: 

(j) ~g the speed-time curve with respect t.o time and multi­

plying. by a m~ent of inertia of the rotating machine so as to derive 

2s varying torque as a function of time. 

68. The method according to Claim 64 or 65, iUrther including the step 

of 

1fllfIf"0111111 
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(I) Fourier ttansfonning the torque.time or speed-time cbaract.erlstic of 

the rotating machine so as to derive a ftequency torque spectrum or 

fi:equmcy speed spec1rUm thereat: 

69. The method according to Claim 66 or 67, further including the step 

s of 

(m) Fourier traa1&formiDg the toique-time or speed4ime clmactaisti.c of 

the rotating machine so as to derive a fi:aluency torque speotnm or 

fbxtuency speed Spectrum thereof. 

70. The method according to Claim 43 for testing a st.eady state 

10 perfonnance of a rotating machine or of a component thereof in real ~ 

wherein: 

(e) said sliaft remains couPled to the digital rotary encoder for a desired 

time duration, and 

(f) . said respective time periods of pulses generated by the digital rotary 

is encoder during rotation of the machine are ·constantly measured in 

rCal time during said deshed time. dunti911. 

71. The method ELC90rding to Claim 70, whe:l'ein: 

(e) said time duration is selected t.o be short so as to obtain an initial 

perfonnance characterlstic of the ·rotating madline. when operining at 

20 acceptable deSign conditions, and 

(I) during actwi1 woddng of the machine tlie time duration Is selected to 
. . . 

be ·unlimited so as to detect a departure from the ~le design 

conditions. · 

72. The method according to Claim 42 or 43, for testing an operational 

2S performance of an air-conditioner, whm:in the rotating machine is a motor 

coupled with a fan of the air-conditioner, and there are included 1he steps of 

(e) allowing the tan to reach stady-state speed, 

.• 

(f) deriving the ~-time charactcristic of the fin, and 1111111\ \II"\ 111\1 1\111111111 
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(I) Fourier ixansfo.rming the apeed-time or toicp».time charBctedstic of 

tbe rotating machine so as to derive a frequency speed spectrum or 

frequency torque spec1rum thereof; 

whereby a frequency harmonic in the speed or txm{lle of the fan 

s having a high amplitude, indicative of low quality pcrfomiance thereo~ is 

highlighted. 

73. The method according to Claim 42 or 43, for testing an operational 

perfonnance of an air-conditioner having ~ adjustaQle shutter for adjusting a 

direction of airtlow, wherein the rotating machine is a fan of the air-

10 conditioner, and there are included the steps of 

(e) allowing the nm to ream steady-state speed, and 

(f) repeatedly ;ufiusting the shutter and deriving and displayjng the 

speed-time charact.eristic of the fim for ditrerent shutter positiOdS; 

whereby sharp fluctuations in the speed of the i8n, indicative of low 

IS quality perfonnance thereat ate bigbngbted. 

74. A method for displaying speed or torque characteristics of a rotating 

shaft derived according to any one Claims 42 to 73, fUrther including the 

st.eps of: 

{e) sampling measutm speed or torque at regular time intervals from a 

20 known ini1ial smnpling time, 

(f) displaying measured speed or torque samples versus time or 

frequency~ 

(I) con.trolling a first~axis scale in xespect of time or hquency, and 

(h) controlling a second orthogonal y-mds scale in respect of torque or 

2S speed. 

75. An app~ (20) for teSting a perform.an~ of an unloaded rotating 

machine (21) or of a component thereat; the system comprlsing: 

AMENJJE1> SHEET (AR71CLE 19) 



W099/66335 PCTJII.99/00290 

-48-

(a) a ~ling unit for attaching a shaft (22) of the rotating machine to a 

digital rotat)' encoder (23) for accuiamJy measuring an angular 

romtion of the madJine. 
(b) a power supply (28) for supplylng power to the rotating madline at a 

5 specitied ~and 
(c) a computer (25) coupled to the ~ ro1ary encoder for deriving a 

dynamic speed cbaractmstic of the rotating machine and analyzing 

the dynamic speed-time characteristics of the machine in order to 

derive a~ormance~c ofthemachine. 

10 76. 1he apparatus according to Claim 7S, further including a display . . . . . 

device (27) coupled to the com~ for disp~ ·graphically the dynamic 

speed ~c "of the rotating machine or a fbnction thereof "after 

processing. 
. . 

77. The~ ·according-to Claim 7S or 76, being adapted to remove 

is transient effects so as to derive static speed characteristics of the rotating· 

machkle. ,: 

78. The~ (40) according to Claims 75 to 77 for displaying speed 

or torque dJaractr:ristics ofa rotating shaft, ibrtb.ec including: 

a sampling uDit (41) for sampling measured speed or torque at regular 

20 . time in1ervals ftom. a known initial sampling time, . 
. . 

a display . ( 42) for displaying sainpled speed andfor torque 

cbaracteristics, and 

a control panel (43) for allowing control ofa first x-axis scale in 

respect of time or fi:equency, and for allowing comrol of aseoond orthogonal 

2s ~scale" in respect of torque or speed. 

7'. The apparatus~ to Claim 78, wherein the control includes a 

control for adjusting said time intervals. 

88. The apparatus according to Claim 78, wheidn the control includes a 

control for adjlJStin& ~initial ~pling time. 
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