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ABSTRACT

The motof temperature can exceed the normal value
because of number of causes as &) operation at line voltage
(and frequency) different from rated:value b) changes in the
motor ventilation because.of mounting arrangement or dust
accumulat;on.c) more frequent starting duty than was planned
d? variafion in loading caused by production tolerances of
the driven machinery, narmal wear, and field adjustment and

lastly e) High ambient temperatures. To scan the
temperatures at different points of the motor, it is
essential that \the. scanner should be +fast and should

accurately reflect the temperature.

The present work was undertaken to develop a

microprocessor based 7- point tesmperature scanner which

measures the teﬁperature o+ rotor winding by transmitting

the value of temperature with radio link. Since no brushes

and sliprings are involved in this scheme, the problem of

wear and tear and the infirm contact in the brushes

_aﬁdréfibrings is avoided. fﬁe_JEQEIOpeB software demultiplex
the channels and gives the value of temperature a;curately.
The hardware, on the other hand, includes the transmitting

circuit and receiving circuit. Since the output ot the

receiver is TTL compatible, the interfacing with the

microprocessor does not require additional hardware.

The microprocessor based temperature scanner far

rotating machines has been tested with different values of

resistance simulated as temperature.
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INTRODUCTION

In modern production and processing plants, trouble-
free operation of machinery largely depends on the electric
drives. The requirementé specifiea for the individual
drives are so exacting today that it is in many ‘cases no
- longer possible to provide an effective thDF thermal

protection system with conventional devices monitoring the

current.

To maintain highest prodﬁction rates and most efficent
operation, "down time reports" are studied to uﬁcover
repetitive problems(lf. Feriodic review of this nature
reveals the sbecific type of problems as well as their
trends.. Bfoadly speaking, equipment mal functions can be
classified_as electrical, mechanical,or, as is some times
the case, a combination of both. Because the electrical
system of machines and equipment is a dual system - that is;

it not only operates and sequences the machines, but also

functions to protect both the machine and the operating
personnel - all down time for maintemnance, that is resolved
by an ele;trician is usually reported asz an electrical

problem. Falling into this category is the protection of

motors and the driven equipments.

A study of the motors used by an automotive industry
resulted in some interesting conclusions about tripped motor
overloads, as follows (1):

1) More than 70 percent of all overload trips were found
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to be " nuisance Y trips, that is, trips not due to
overtemﬁeratures, .But caused by dull tools, mislo:ation
of parts, material hardness, or other mechanital factors.

2) Other * nuisanﬁe" trips experienced were generally

caused by the fact that higher ambient temperatures within

the control panel had effected the trip level of the

maotor overload.

-

3 Nheﬁ motor trbubles did occur, a large percentage of
these were mechanical, that is, involving bearings, shafts
etc. rather than actual winding failure.

4) In those cases in which motor winding' failure did

occur, - further study exposed the fact that most overload

heaters were not properly applied.

The problem mentioned in preceeding paragraph and many
other related ones, nececiates a reliable system for
temperature‘scanniné/monitoriné of motor, thereby, giving
trouble free. operations; The tempratqre scanning system
should invariably héve fcllcwing considerations.

1) It should accurately reflect the temperature of

windings.

2) The operator should have preferably visual means to

monitor temperature.

2]

) The monitoring should be continuous so that within
minimum time the corrective\measuresvcan be taken. Optimum
utilisation of machines is only bossib}e when the winding
temperature is continuously indicated.

4) It . should determiﬂe the temperature occuring at

relevent points and transmit them to an instrument which can

indicate temperatures serially or with some



logic considerations.

1.1 Methods of Measurement

’

Continuous measurement of the temperature of rotor
components can be effected in several ways(2).
a)l Measurement of the winding fes;stance by the current-
voltage method. This is particulary suitable for large
turbo-type generators with excitation throggh sliprings.
b) Embedding of thermo couples or resisfance thermometeres
in tﬁ?“_partsﬁlnf.the rotor winding to be monitofed, the

detecting elements being connected to sliprings.

c) The use of temperature sensors with varying resistance,

which are connected to inductive or capacitive transmission

devices.

d> Measurement of the temperature dependent change 64 the
capacitance or inductance of components attached to the
parts in the rotor, to be monitored. These methods usually
work with r.f.bridges or special circuits.

e) Measurement of the temperature with resistance
thermometers -and conversion of the measured value  into
pulse train, the frequencey ar pulse width of which is a
measure of temperature. The pulses have to be picked’ of §
from the rotor by means of sliprings or brush)ess
transmission elements, which can’be used at the same time
for feeding the transducer rotating with rotor.

£) Measurement of the temperature with resistance
thermometér and conversion of the measured value into pulse

train, the frequency or pulse width of which is the measure



of temperature. The pulses can be transﬁitted by. radio
communications.

g) The use of the infrared detectors which measure the
temperature dependent on radiated power from'the surface of
the rotor and sfator.

An attempt has been made in the work reported in this
dissertation to develop a microprocessor based system fér
scanning of temperature of electrical rotating machines
using the principle mentioned in (f) abové s, that is, by
using radiote;emetry. |

1.2 Scope of Present Work

s o o S ey . S T (. o S < S S o) S N S S e 400 . S

In the preséﬁtﬁwork a microprocessor based 7-point
temperature scanner using-radio link for transmitting the
measuwred value from the rotor has been deQeloped,Th;\ work
is devided into two parts, the hardware part prior to
 digita1 signal processing and the digital signal processing
~part. The sensor used {for scanning is bead type thermistor.
fhe scope of Ffirst part includes the transmitter and
receiver circuits to transmit and receive the signals from
the rotor. This signal is measure of temperature to be
scanned. The secbnd part consists of hardware and software -
developed for microprocessor_which'demultiplex , measure the
pulses which are indicative of temperatuwe and Ffinally
obtained the corresponding value of temperature From vthe-
lookup table thereby eliminating the non—-linearity of

thermistor sensor.

1.3 Organisation of Dissertation

All the methods mentioned in para 1.1 will be

described in details in succeeding chapters 2,3,4,5 and 6 .



In chapter—~7 hardware portion of the proposed screen

before digital signal processing has been described. The
digital signal processing is being described in chapter-8.

The results / observations have been summed up in chapter-9.
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This scheme is for detecting AC motor temperature by
measuring the'change in,winaing resistance with temﬁerature
(3). The scheme described in the Iiteratufe is for
protecting the stator winding, however, this principle can
also be applied for measuring rotor temperature wheréin it
is di#ficult‘ to incorporate the sensing devi;e. This
fechnique achieves the desired monitoring without additional
motor wiring and responds rapidly to the average.temperature
of the winding.

-Thé concept uses the fact that the resistance of Copper
increases with the temperature and by measuring resistanée,
the temperature can be determined(4,95). Résiétance ié
mgasured by means of a small direct chrent which is caused
to flow through the a.c. motor winding. The method described
here’ is practical, with relatively low cost, uses a non-
linear resistor in series with motor winding, so that
alternafe half cycles of cwrent are di*ferent. Thus'a small

direct current is developed in the windings.

To successfully use the concept, it is necessary to

accurately measuwre the low value of d.c. signal present

alongwith high amplitude a.c. signals, for example, 0.S5.A.
d.c. with 45 A a.c. and 0.4V d.c. with 220 V a.c. Simple

circuits have been described here which éan do this with

sufficient accuracy and stability.



2.1 Principle of operation

The principle of operation is to cause a small d.c.
current, typically'S percent of rated a.c. , to flow through
the motor windigg by means of a series of asymetric
resistance in one line. Measurement of fhe corresponding
direct current and voltage enablés the measurement of
winding resistance and hence of temﬁerature to be evaluated.
The signal thus developed can then be used in motor overload

and thermal protection circuits.

A practical form.of the asymmetric resistance consists
of antiparallel diodes (as shown in figure 2.1 ) Using
available diodes, the equivalent of a mean d c voltage of

about 0.4 V is injected in series with the a.c. supply. This

is analogous to having & battery of 0.4 V in series with one

lire. It is to be noted that suitable single chip structures

could be developed to replace the two diodes.
Refering to the figure 2.1 , it is evident that if

the resistance of the 3-phase source is negligible as

compared to the motor winding resistance, then voltage Vdc,

which has a large ripple content, is approximately equal to

Vdca, which bas much reduced ripple content and hence .is

easier to measure. However, to develop a scheme for universal

application, VYdc can be measured.

Vdc Idc (rw + rw/2)

from which rw

]

2 vde/ 3 ldc

Therefore, winding resistance and hence temperature can

be determined by measuring Vdc & Idc.
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.2 Measurement Teéhnique

In the proposed techhique for measuring resistance and
thus témperature-'o4 an a.c. load, only a small d.c. is
caused %o flow through it . To successfully implement the
techniqué, it requires the ability to measure, for example
0.5 A d.c in a 45 A a.c signal and 0.4 V d.c. in a 220 ;V
a.c. signal. The measurement must be accurate and should
have long term stability. Fﬁr example, to measure

temperature within . 5 Dg.C requires that resistance be

measured with £ 2 percent accuracy.

The techniques that are used for doing‘ this aré
illustrated in figﬁres 2.2 . The pfinciple of Dperatibn is
quite simple, for examplej a 1:1 current transformer CT is
connected to subtract a.c. component of current such that
the current flowing through Rc (which:is the sensing
element, eg, a magnetic amplifier winding) is almost.ripple
free, likewise a 1:1 voltage transformer VT is connected to
subtracf the a.c. voltage ;uch that the voltage across Rcov,
i substantially ripple free. The exact accuracy i%

dependernt upon the transformer characteristics.

A practical tested circuit block diagram for 7.5
h.p.y 220 V motor ig iliustrated in figurev2.3. AN asymmetry
is obtained by antiparallel diodes ( type IN 11984) and the
d.c current component produced is about 6.65 A. The d.c.
current component is measured by a magﬁetic amplifier such
that an isolated low drift output of abogt 8 V dc 1is

obtained. The signal is compared with a dc signal produced

by an operational amplifier from the veoltage accross the
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voltage transformer and active filter. The current and
voltage signals developed are Kilc and dee, (as shown in
the figure ) respectively; The two signals are added
algebrically and applied to a high gain 6peraciona1'
amplifier such that an output trip signal is obtained when
Kv Vdc ~ Ki Idc > 0, that is, wheH Vdc / lac > Ki/Kv. Since
Vdc/lde is dependent upon the 'resistance of the motor
windings it is possible to set a value of resistance of the

motor at which .a trip signal is aobtained, by simple
adjustment of the amplifier gain constant ki and kv. The

resistance of the winding, will in turn, give the limit of

the maximum temperature.

The advantage of this technique is that it is more
accurate than the measurement by thermdcouples because ot
the‘ measuring lags associated with the thermocouples. In
contrast, the resistance monitoring écheme instantanecusly

measure the average temperature of the winding.

Secondly , this resistance measuring circuit will,
under same conditions, detect othér_fai1ure5, for example,

an open circuited supply line.
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The temperature of different parts of the rotor are
gengfally measured by using thermoéouples and resistance
thermometers , These sensors give the output in the form of
resistance change \whiCh is.proportibnal to the change in
temperature ‘. "The output of these sensors can either be
"taken from the siiprings or some coupling like inductive

or capacitive can be used. These methods will be discussed

in detail in succeedingiparagraphs.

3.1 Delecting element connected to slipring

The temperature of different parts of motor can be
measured by embedding the thermocouples or resistance
thermometer  in the wihding and measurihg the resisténce
change by .r.f bridge or any other circuit. The resistance
change can be ca}ibrated for £emperature of the winding.
This methodr is being‘success¥u11y used for ]measuring the
stator temperatures but it has got inherenf disadvantages in
the case of rﬁtor temperature measurement because of rotor

being in motion and problems associated with the sliprings

/ brushes.

The .cage winding of an inquction or a synchronous
motor can be protected aqgainst excessive heating when the
temperature of the cage is made available in motor control
room. Numerous schemes, employiﬁg‘brushes and collector

rings to get the information out from rotor have some
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inherent disadvantages because of undesirable brushes and
collector 'rings. Tﬁis method of direct sensing of vrotor
termperature can be’efficiently utilized to protect rotor
from over temperature. This system is capable of determining
the temperature of cage baré, cage end rings, rotor field

windings, or rotor armature winding, and can, therefore, be

used on induction, synchronous wound rotor, and dc motors.

3.2.1 Protection Methods -

"Rotor protection on a normal motor application has
always relied on some manifestation of stator temperature or
stator current to initiate action and this ffequentiy has
meant a double role for the stator protection system. Many
indirect‘ schemes have been or are generally used can be

described as

a)l Induced field current relaying :

. - S S i T VA i e S s S S AR S O S o e Y b Mo e 2 A fate et

The frequenéy of the induced voltage and current in the
field winding of a synchronous motor during écceleration
decreases from & value equal EQ line +frequency
at standstill to zero at synchronous speed. By using a
saturatiﬁg transformer in the Ffield circuit to feed a
thermal type relay, a rotor temperature responsive system
during accelaration can be achieved Ffor a brush type
synchronous motor. The thermal characteristics of the

relay, however, can not closely correlate with the heating

and cooling of the rotor or its ambient conditions so the

method is not foolproof.
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b) Induction type relay @

S e G Gt S GO QS Tt et S . v s s S0t S Shm oot e S

It is apparent that neither brushless type synchronous
motor nor induction motor can utilise hethod described in
a), énd henc= a more indirect scheme has been used based on
the +fact that while the stator inrush current of an
induction or a synchronous motor during stért remains fairly
constant ﬁhroughout accelaration untill about 80-20% speed
is achieved , it does drop off markedly at higher speeds. Ry
selecting an induction type overcurrent relay with inverse
characteristics and by' selection of relay tap, current
transfer ratio, it is often, possible to obtain.-a system
-that will trip if the motor stalls and Qet permit the normal
start. Sﬁch a system again has no means of taking into

accant stored heat in the rotor from previous starts.

3.2.2 Direct sensing method

Aforementioned shnrtcbdings can be overcome by the

method described below for measuring rotor bar temperatures.

Thermo couple sensor

Accuracy of measuring actual cage bar temperature is
largely dependent on the transducer used and the method O+
securing it to the cage. The transducer must have following
. characteristics: ruggedness, ability to daunt on either a

flat or a roundbar and a high dynamic response to reduce

temperature readout error. The sensor used, therefore, 1is

thermo couple junction.

To keep the time delay of the thérmocouple low, it must
be in the intimate contact with the bar. To best meet the

condition of intimate contact, the thermocouple junction can
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be mounted in a small plug of copper which can then be
screwed into the bar or, if tapered properly, can be pressed
into a mating tapered hole in the bar. The plug thus becomes

a part of the cagebar, kéeping temperature gradients to a

minimum.

3.2.3 Monitoring system

The block diagram of the temperature monitoring system
is given ‘in Figure 3.1; The rotatingv transmitter has a
variable output frequency which is proporational ‘to the
temperaturg measured- by the thermocouple. The measured
information is passed to the stétianar? receiver through a
set of windings on &a rotary transformer. The receiver
converts the variable frequency back to a variable voltage
which 1is fed to a readout temperature indication. The
readout meter has adjustable high and low set points which

can activate the alarm when limits are exceeded.

To'power the fransmittEﬁ a stationary power oscillator,
operating at a higher freguecy relative to temperature
information, excites & second set of winding on the rotary

transformer and the rotor power is then converted to dc for

the transmitter.

In order to -"maintain a standard size rotary
transformer, the rotating winding and the transmitter are
moulded intoc one piece for mounting on the end of the motor
shaft opposite the drive end. The nonrotating windings are
supported 4ramA the end bracket of the motor. Where the

transformer must be mounted on the shaft inside the
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bearings. Calibration can readily be done in the field with
a simple milivolt d.c supply used to simulate the maximum

temperature change as sensed by the thermocouple. -

e " At s, i 4 taben

. The rotary transformer has a hu@ber of non critical
design characteristics. The signals are independent of shaft
speed, shaft position end play, and concentricity of the
airgap between rotating and non rotating windings. No iron
core centre is required, Sdt it will function normally with

an iron centre. Also, no shielding is required between

windings.

3.2.5 Disadvantages

In the applications, where it 1is desirable to
monitor several temperature points with a multiplex
transmitter, such a sysfem has special problems, because a
simple multiplex system requires a common thermoﬁauples
connection. Connecting thermocouples in common, with no

isolation, to the cage introduces rotor cage bar voltages

into thermocouple circuits. For this reason the system

described relies on one thermocouple in the circuit although

it may be any one of several available in different spotsv

around the rotor.
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The temperature can bwe measured by méasuring the
temperature dependent change of the capaci tance or
inductance of components attached tﬁ the parts in rotor.
- The resonant frequency of an LC.circuit is determined by its
inductance and capacitancé(?). Therefore, if a temperature
sensitive capacitor is used as a component of the resonant
circuit, one can wutilize this circuit as a temperature
sensing circuit, or a primary transducer of a thermometer by
measuring its resonant frequecny . This thermometer is
especially &onvenient for hig- speed rotors because
measuwrement of the resonant ffequecny can be made without
any direct connection to ‘the sensing circuits. This
thermometer employs a temperature seﬁsing capacitor és an
element .04 the resonant circuit. Simultaneous multipoint
thermometering for the measurement of

temperature

distribution of the rotor can easily be made without any

- channel selector by arranging the sensing circuit in desired

position.

4.1 Operating Principle

Curie ~Weiss law in the para electric region gives the
temperature dependence of the dielectric constant of a ferro
electric material above the Currie point Te. Therefore,
capacifance C may be expressed by

C = Ke/ (T-To ceanweoe (i)
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~ Where Kc is a constant and T the temperature. When
this capacitor is combined with a temperature insensitive

inductor to form a resonént circuit,4 its resonant freguency
fo is given by
172
fo = Kr (T-Te) cheaaenes (ii)

Hence, the temperature of the capacitor may be determined
from resonant frequecncy. ~The measurement of resonant
frequency‘ without any direct contact may easily be made by
observing the reaction of the resonant circuit, the method
is that of the griddip meter. The measurement ciru;t is
shown in fig 4.1 . fhe output power of a. variable
frequency oscillator is fed to the bridge type measuring
circuit and a part of the power flows intd the resonant
circuit through inductive coupling. In this case, the
amplilude of the rf current Io, as sﬁawn in figure 4.1 can
be obtained by simple analysis.

2

Qk €
Io = : : oo (ii)
| {1+ 02 [(I—kz)(——ff,) - (§—° W' 2mfarp

Where @ is effective quality factor of the resonant circuit
k the coupling coefficient between exciting coil Lp and
resonant coil Ls, ¥ the éscillator frequecny, and E- the
source voltage of a constant voltage supply. From Eq(iii)

the maximum value of Io is obtained under the following

condition.

fm = fo(1k2) ~V2 , ---(av)

When k satisfies the condition of kK < < 1, fm

is
closely equal to fo. In this case , the resonant frequency

can be determined with sufficient aécuracy»by observing Io a
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function of source frequecny. Since the value of k is less
than 0.1 , this measurement is practically insensitive to

spacing of coils, although the amplifier of resonant signal

ies quite sensitive.

4.2 Functional Degcribtion

e s S . S e G . . 20 7 S o e S St

A block diagram of the electronic circuit is given in
figure 4.2, A number of capacitor Cst, CsZ, —-——— Csn

are attached on or embedded in rotor, the corresponding

coils Lsl, LsZ2, ———— {sn, are attached on the surface of

the rotor at regular intervals so that all coils can coupie
to an exciting coil Lp duwring rota£ion wﬁen the sweep
¥requency of the oscilloscope 1is adjusted so as to

synchronize with the revolution of the rotor, a number of
resonant signals of “the sensing circuits appear with regular
spacing on the oscilloscope and resonant frequecny can be
progressively observed by adjusting the source frequency
without any channel selector. When many sensing circuits are
employed, however, it is necessary td mage use of some kind
of marker to avoid confusing the senéing circuits. A
position marker may be another resonant circuit composed of
Lst and Cst whose resonant frequency 1is insensitive to
temperature, and {ar below that of the sensitive ciruits
with own power scurce. This position signal may be used as
an external trigger signal ta the oscilloscope. In addition,
a time delay circuit and an intensity modulation of the

gscilloscope may be utilised so as to selectively brighten

each of the signal in turn.
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4.% Sensing Capacitance

In general, the dilectric constant of ferroelectric
material shows remarkable temperature hysteresis characters
below its Curie point.However, this hysteresis is reduced to
an extremely small amount in the-para— electric region
above the Curie point, especially for the single crystal of
the second order phase transition. Thus utilisation of a

ferroelectric single crystal of the second order may be
preferable  to the usual temperature. sensitive dielectric

material, such as high polymer because of stable, high'

temperature sensitive and hysteresis free characteristics.

Ferromagnatic materials are also temperature sensitive
but for the temperature measuwremsnt of an electric machine,

the wutilisation of ferrocelectric material is more desirable,

since the dielectric constant of ferroelectrics

is not

affected by the maghetic field of a machine.
Experiments show that . error accompanied with
temperature hysteresis of ceramic capacitors of BRarium,

s} 0
Strontium , Titnate goes up to about 5 C at 3 C above the
Curie point although the error should be reduced to about
O O
0.5 C by heat treatment at about 100 C above the Curie

point for 1 minute. Thus it advisable to choose a material
’ O ’
whose curie point is about SO C lower than the lower limit

of the operating range so as to givs precise temperature

measurement.

4.4 Coil

The resonant circuit coil should be light enough to

endure to high centrifugal force. To eliminate the influence
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of magnetic field, an air core coil is desirable. The
inductance of the coil should be determined considering the
operating fregquecny.

4.% Frequecny

- — s i, S e o s S

The operating frequecny should be chosen in such a way,
s0 as to satisfy the following requirements:
al The frequency should be chosen high enough so that one
can use a small capacitor and coil as a sensing circuit.
b The frequency should also take into account the stray
capacitance or st-gy inductance of the lead wire between the

capacitor and inductor and should keep these minimum. This

requires the followling relation :

L < < c/f
Where L is the length of the leaa wire and c the speed of

light. If L is of the order of im, the upper limit of

frequency may be about 10 MH=z.

c) The +frequency should be | high enocugh so that the

response time of the resonant circuit is shorter than the

transit time d) High frequency will also be advisable

because when there is strong environmental noise such as

that produced by spark discharges in the commutator of an

electric machine, the {frequency should be chosen so as to

minimise this effect, avoiding intense noise frequency

barnds.

Thus typical range would be 300 to S00 KHz. For

accurate measurements, it i1s necessary to caliberate the
tapacitance - frequency characteristics at room temperature,

using a precise variable air condenser as a stimulator for
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the sensing capacitor, with the ¢toil and wires in position.
Correction of the temperature dependence of the resonant

frequecny can easily be carried out without increasing the

temperature of the rotor.
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The temperature measured by thermocouples can be
transmitted to the indicator by converting it to pulse‘
trains by suitable circuits . These pulses can be
transmitted from thé rotor by using sliprings or brushless
as transmissian elehent\or by using radio link. In the first
case there are inherent disadvantages of wear and tear and
infirm contacts due to.siiprins and brushes .' The second

method, however , is free from these disadvantages . These

‘methods are discussed in detail as follow :

5.1 By using sliprings or brushless transmission element

(12)

For optimum utilisation of electrical rotating
machines it is generally necessary to measure temperature

continously and 1load adjusted accordingly. There is,

therefore a need for the continuous measurement of the

temperature of rotor windﬁngs. It should determine the

temperature builtup at relevent points and transmit them to

a recorder or indicating instrument. The coupling of the

measuring system to the indicators or recorders and process

computers requires great reliability and overall error of

wfa

indication should not exceed + 3% of the scale end value.

—

Al so the rotating components should be  capable of

withstanding the mechanical and climatic stresses occuring

in service and of operating satisfactorily at all speeds.
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Especially important is that indication shbuld be maintained

even at standstill so that the cooling down may be observed.

=

%.1.1 Principle

- — s s G S v S

The principle of this type of monitoring system is
the measurement of the temperature with the resistance
thermometers and conversion of the measured value into a
pulse traim, the frequency or pulse width of which is a
measure of the temperature. The pulse will be picked off
from the rotor by means of sliprings which can be used at

the " same time for féeding the transducer rotating with the

rotor.

5.1.2 Details of temperature measuring system

Platinum system resistance thermometers with 100 cold
&)

resistance at 0 C are embedded in the slots. They can be
placed in the insulatihg separator between outer and inner

bars of the multi layer-windings. In the single layer

windings they can be mounted under the slot wedge and - with

pole windings in the pole body insulation. The linear

characteristic of these sensors is advantageaus for

temperature measuring system, as individual caliberation of

the scale of the indicating instrument is unnecesséry. If

the semiconductor temperatures are, however, used it would

be necessary to recaliberate the scale.

The system block diagram is depicted in figure

2.1 . The connections from the slot thermometers are taken

te a terminal box on the rotor, which also accomodates the

terminals for the slipring conhecting leads and some power

supply components.
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The resistance to frequency convertér, which is
accommodated in a case of the same size, is also connected
to the terminal box. These two boxes are of about the same
weight and can be arranged symméterically on the rotor to

achieve balance.

The converter transforms ~the resistance of the
embedded thermometer inte a voltage proportional to
temperature,. which, inturn, controls the voltage to

frequency converter. The two elements are so adjusted that
O
the change in resistance from 1005 at O C to 168.48 N at
O

180 C corresponds to a frequecny change from © to about
1440 Hz. Thus the converter delivers an output frequency
which is proportional to eight times the temperature and can

therefore easily be indicated digitally.

The voltage to frequency converter controls a switching

amplifier which superimposes current pulses of about 2Z00us

duration and about BOm A (peak) at the output frequency on

the supply current of the convertor. These pulses can be

picked off by means of a pulse transformer connected in the

negative lead and fed  to the evaluating circuit. The

evaluator operates digitally and indicates the temperature

numerically after the frequency has been divided by 8.

Alternatively, second possibility for evaluation is to use

conversion of the pulse frequency into an analogue output

signal and its subseguent transmission to & pointer

instrument or a recorder ( As shown in figure). In both the

cases, the evaluator also includes one or two Schmitt

triggers for signalling a temperature above the prescribed

limit or +or shutting down the machine. The evaluator can be



accomodated together with the power supply components, for
example, in a machine control panel.

S5.1.3 Details of measured value transmission

Sliprings are used as transmission elements, as these
are readily adaptable to the shaft dimensions and mounting
conditions. Inductive (brushless) transmission devices are

also used, but are only economical when the number of

~variants can be reduced.

At least two lnormal graphite brushes run on each
. brushes. They are biased by transformer ml- with an
alternating current, so0o that the current deﬁsity at the
brush contact face is abbut & A/cm2.Conditions are therefore

favourable for the formation of a good oxide skin on the

. sliprings so that constant low contact and small brush wear
is assured. The supply current of the converter fed in
symmetrically through the brush gear would not .by itself be

able to produce a good skin and thus constaht transfer

conditions on the sliprings. This, form of slipring

transmission described has been in satisfactory service for

years under widely differing operating cdnditions. Most of

the machines so equipped have sliprings peripheral speeds

between 10 & 20 m/s.

[ )
L .

By Qsing Radio Telemetry (8)

The temperature of a rotor in running condition can

also measured efficiently by telemetering.the value of the

temperature. Miniature telemetering circuits mounted in or

on the rotor near the axis of rotation have been used to
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telemeter the temperature measured by a small thermistor
which may be mounted anywhere on the rotor. In the rotor, in
addition to meeting the small space requirement, the circuit

must n>t be critically affected by centrifugal fields and

must be as accurate and reliable as possible.

Y.2.1 Description

The circuit diagram'&or the measurement of temperature
of rotor is showa in figure 5.2(B).This circuit has been
found not to be effected by rotor speed at least to 300
rps(10), which is Qenerally the maximum speed required with
standard size rotors. The wnit has three éubsystems
consisting of a temperature sensor , a switch and a carrier
frequency generator. The températura sensing and encoding is
performed by‘a blocking oscillator, whose pulse repetition
rate is delermined. essentially by C4 and thé combination of

20 K ohms thermistor and R4. In order to eliminate errors

resulting +rom power supply variations or from change in
component values because of age, magnetic fields, etc., two
repetition rates are measured. The first, No, is determined

by €4 and R4 alone and the second,N, by C4 and the parallel

combination of R4 and thermistor Th. Ideally , the ratio of

these two repetition rates is a function solely of the

resistance of the thermistor, and thus of the temperature.

Switching between these modes is accomplished by means of a

transistor switch V6, which is actuated through an invertor

V4 by a collector- coupled transister multivibrator circuit

containing VS and V4. The resistance of the transistor

switch 1is sufficently large in the "off" state to eleminate

any effect .of the thermistor on the reference repetition
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rate No. In the "0On" state the switching transister
contributes a small resistance in series with the .
thermistor. This resistance may be a slowly varying #unction
of the temperature. Consequently, it is advisable to
calibrate by meaSuring the ratio N/ND with the unit held at

various constant krnown temperatures. The carrier signal
(5.5 MHz) is generated by a tunnel diode oscillator whose
power output is approximately 0.04 mW. The transmitter is
coupled to the oséillatdr by R2 and C3, which permits the
pulses produced by the blocking oscillator to increase the
biaé of tunnel diode V1 sufficiently to drive it»out of its
negative resistance region and shut off the carrier
frequency for fhe duration of each pulse. The transmitting
antenna Ais wrapped around the base of the rotor while the
receiving antenna i1s formed of several turns mounted

concentric with the base of the rotor. FPower is supplied by

four mercury cells, which operate the unit continuously for

more than 200 hrs.The total power consumption is rbughly

S miW / unit of time.

With the exception’ of the batteries, which are

removable, the entire circuit is mounted in epoxy resin and

supported by the rotor. THe batteries are "insulated

electrically from the rotor by using plastic. In its present
form the circuit occupies the volume of slightly less than 2

-~

in 3 and is mounted on the axis near the base of rotor.

-. 2.2 Experimental Results

The transmitter used gave at room temperature No = 175

and N =540 also & change of 1 Dg C produces a change in N
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of over 10 Cps. This makes it possible to determine the
temperature of the rotor to less than 0.01 Dg. C. It was
also noted that circuit is not adversely affected by a 3500

- 6 magnetic field énd that it is shielded by the rotor.

Because of well known commgtatidn difficulties with
high speed fotors, radio telemetering should become useful
for shhatt mounted rotors as well as those which are
magrnetically 'suspendeé. In many appli;atidns, especially
with very high speed rotors, the active transmitter circuit
deséribed above‘ié toollarQE'and consumes too much powet . In
such cases, passive transmitters should be used. These
transmitters carry no power source but only ‘a resonant
circuit whose frequency is sensed from out side. This
‘ ;haracteristic frequency is altered by some circuit element
which change in response to changes in the temperature.
These passive circuits are fo be pre%erred.in thé high

centrifugal fields, and where the observations are to be

carried out on small rotors over extended periods of time.
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JEMPERATURE SCANNING OF MACHINE BURFACE BY MONITORING
INFRARED RADIATIONS
The

surface of the rotor being metallic , emits the

infrared radiations on heating . These radiations can be

used to scan the surface temperatures. The radiations can be

taken out from the rotor with the help of optical fibres.

Fytrometer can also be used to measuwe the infrared

radiatiqns.' These methods will be diécussed\in detail in

this chapter.

6.1 By the use of optical fibres

For the purpose of systematic maintenance or to devise

improvements in existing designs, temperature distribution

in large

the stator-bore surface and / or rotor surface of

machines is required. Monitoring of temperature distribution

should preferably be carried out when machine is  in

operation, although it makes the measurement all the more

difficult because of (i ) the smallness of the gap between

stator and retor, (ii) the machine being in operation (iii)

vast machine area to be scanned and (iv) the requirement of

high acéuracy and resolution of the measurement. Use of

sliprings and brushes to collect signal from a transducer

mountea on the rotor have disadventages because of the wear

and tear and infirm contact with the sliprings. The method

described below overcomeé these limiations by detection of

the infrared radiation from the machine surfaces to bLe

scanned for temperature.
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6.1.1 Principle used

——— s — ——— ot o——— ot " ot~

The temperatures of the surfaces to be scanned
generally lie in the range of 0O to 200 C ?11) and hence the
radiation wouwld be in the intermediate infrared region and
have the peaks in the wave length range of 6 to 11
micrometer. The infrared radiation F}om the stator-bore and
rotor éurfaces is directed to é detectér through the
seperate sets af~optica1 tibres. ( The speed with which the
temperatureA is to be scanned is also quite high) . The
infrared detec£or ﬁhat can meet both the reguirement of & to
11 am and high speed are Zinc—-dopped Bermanium Silicon
alloy cooled to 480K. and pyroelectric elements wbrking at
room temperature(l2). The former is cheaper and has higher
detectivity wheras the later has the advantages of faster
résponse and requires no cooling. Thermal detectors though
can worlk in this wave length, are not suitable because of

much slower response and poor detectivity.

6.1.2 System Details

—— . o e . et e e e e i e S e

-

As mertioned earlier the radiation from the stator—bore
and rotor suwtaces are guided to the detector through two

separate sets of optical Ffibres respéctively. For the

stator-bore surface temperature, a number of optical fibres

are mounted on the rotor with their ends facing the
stator, and the other ends coming out of the machine and
facing the detector. Similarly for the rotor surface
temperature, the fibres are mDQnted on stator with one end

is

facing rotor and other end reaching the detector, which
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plaéed at the stator end. In clésed type machines, the
detector should be accoﬁodated inside the end cover and only
two leads taken out from it. The detector collects the
radiations from the Fibres one by one through a
mechaﬁical'séanning arrangement. The outer ends of the rotor
and stator fibres are arranged ' in two seperate civcles

concentric with machine bore as shown in figure 6.1.

ii) SBcanning Arrangement

When scanning fhe rotor fibres (which are mounted
on stator), the detector stays opposite each fibre for the
duration of oﬁe revolution of the rotor. The rofar area thus
scanﬁed is a circumferential ring opposite the inner end of
the fibre in>question. The width DF'the ring depends on the
diameter of the Ffibre and its distance Ffrom the rotor
surface. Larger the diameter or larger the distance, wider
would be the ring. After scanning all the rotor.fibres the
detector 1is moved to the stator fibres mounted on the
rotor. The detector is held in one position untill all the

stator fibres have moved passed the detector, and then the
detector takes the next position. In each position of the

detector, the stator area scanned is an axial strip along

the detector position. The width of the strip is again
decided by the diameter of the fibres and their distance
from stator suwface. After completing the ring of the stator

fibres, the detector moves back to the ring of rotor fibres.

The scanning cycle thus repeats.
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iii) Focusing

To concentrate the radiations from the fibre openings
-on to the detector, a Germanium lens is interposed between
the two. The 1lens is rigid.y fixed to the detector at
the appropriate distance from the latter. The spacinq

between the Fibre openings and lens is also maintained

constant when detector is moved for scanning the fibre.

Ay

ivy SBynchronising

| ;;;—ﬁggzg;;gg of the detector is synchronised with the
machine motion with the help of concentrated infrared
radiations arranged tb fall on the detector #rém- suitably
placed sources. These radiations are allowed : a) at the end

of each rotor revolution, b) at the completion of the rotor

fibre ring by the detector, and c) at the completion of

stator fibre ring by the detector.

v) Electrical'Signél Frocessing

The electrical output signal from the détector
is amplified and demodulated to obtain d.c. voltage
analogus to the temperature monitored. This voltage is +fed
to a suitable,recofder. Elock schematic diagram of the

complete system is given in figure 6.2.

In case the temperature scanning is carried out for the
maintenance purpose, it is considered very desirable to give

an indication/alarm or relaying signal to open the machine

breaker when the machine temperature exceeds a predetermined

level. For this purpose a level detector finds out when the

temperature anywhere on the rotor or stator bore surface

exceeds the . preset level.
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vi) Recorder

oot o e s g w S

A . high speed recorder such as storage CRO, magnetic
tape, or photographic ‘recorder shall be required for the
present system. Operation of this re.order would be
synchronised with the motibn of the machine by the same
concentrated | radiations as used: for synchronising the
movement of the detector. These synchronisation signals
~would mark the end of : (a) the circumferential ringvof the
rotor 5ur§acé or the axial strip element of the stator
surface, as the case may be, (b)) rotor surface scanning, and

(c) stator bore surface scanning.

vii) Calibration

The instrument can be conveniently and accurately
calibrated Qsing an Eisenman calorimeter which i a fast
responding ‘miniature calorimeter built in the.form of &
caonical  cavity with an absorption coefficient approaching

unity (typically 0.995) (13). Infrared radiation from an

object under controlled ﬁeating is monitored on the proposed

instrument and is also absorbed in the said calorimeter. The

temperature in the cavity of the calorimeter is measured

with a platinum wire thermometer that has an
0O
resolution of the order of 0,00 1 C. The

“acuracy and

instrument is

then calibrated by comparing its response with the

thermometer reading.

Since the detector used in the proposed instrument 1is

of quantum type, its response depends only on the t+adiated

wave-length and hence on the temperature of the object, and

is independent of the imtensity-o{ radiation. As such, the
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calibration once carried with the above arrangement would
14

hold good when the instrument is put to use for temperature

scanning of machine surfaces.

6.1.3% Advantages

s o . o St o S S s o S

A The disadvantages of contact measurement (where
measuring deviée is.in physical céntanct with the .object
under measurément) afe no longe¥ here because it enables
measurement without disturbing thermal conditions of the
object. Whereas in the contact method a thermal drain is

caused on the object thereby affecting its tehperature,

specially at contact point.’

b. In the contact methods, it is necessary to mount or
embed detectors such as thermocouples or thermistors in

large numbers thereby making measwrement difficult and
expensive.

T A much Finer temperature scanning of the machine

surface is obtained.

d. Since only one detector is used, the calibrator is

much simpler and accurate and can be checked up frequently.

e. No slectrical signal is required to be brought out from

the rotor and hence no sliprings, inductive coupling or
radio links are necessary (14).

. Contrary to monitoring only a few selected points with

the help of embedded temperature detectors, the entire
surface is scanned here in much smaller area elements.

g. The motion of the machines is used to have advantage in

the mechanical scanning of the fibres.

he. The response time of the quantum detectors proposed
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here would be less than lus as against a few seconds for the

thermistor and thermo couples.

6.2 Use of pyrometer for monitoring of roto.- temperatures

of large squirrel - cage motors. (135)

In the case of large :three phase motors,
monitoring of the stator temperature alone is not always
sufficient to ensure the degree of ,protection for all
operating conditions . The %tator ﬁemperature " can be
measured normally by three or six resistance thermometers
embedded between the top and the bottom layers of the two
layer windings. A thermal overload of the stator winding
during steady state operation will be detected quickly and
safely enoggh by this method. This method can , however,

pose problems for scanning of rotor temperatures.

Large squirrel cage motors are almost exclusively

rotar—-critical . Therefore, thermal menitoring of the stator

alone is not sufficient.

The principle of infrared radiation measurement is
employed ,that is, detecting'the radiant energy, which 1is

closely related to the surface temperature. For mesuring the

rotor temperature of motor a pyrometer must have various

special characteristics, which are following :

The device must be :

a) Small and easy to fit to in the motor.

b) Insensitive to magnetic field strength at the point of

installation.

€) Resistant of high housing temperatures.
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d) Insensitive to vibrations.

e) Designed for long-term stability.

6.2.1 System Details

—— v o o — ——— S S———

The mode of operation of the pyrometer and measufing
set is shown in the figure &.3. The image of' the object
vbeing measuréd is formed on the thermo-couple radiation
receiver by a CaF2 lens éystem . The receiver converts the
radiation density through the lens into an EMF propotional
to the incoming radiant frequecny. The radiation receiver
is connected in series_with resistance bridge in order to
compensate for the temperature of the pyrometer housing. The
following amplifier modules include a chopper which converts
small d.c. voltage from the receiver into a.c. voltage . The
a.c. voltage amplifier stage; increases the measuring signal-:

from approximétely 0.2 mv to 0.2 V. The voltage is passed

through demodulator’ and is converted into a load-

independent output current of 0 to 20 mA in the output
amplifier. The chopper and demodulator are‘ controlled by
square wave generator.

The pyrometer is connected to the measuring set by

means of a three—care cable. In the measuring set the output

current from the pyrometer produces a voltage at the input

resistor which is compared with the adjustable voltage of

the potentiometer by bistable amplifier

Depending on the voltage accross the resistor or the

potentiometers, the bistable amplifier +trigger and the

contacts of the relay switch over. At the same time, the
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light-emitting diodes lightup red. In order to set the
desired reéponse temperatures; the input of the bistable

amplifiers is switched from the pyrometer to potentiometer

b means of a changeover switch.

~oy

.2.2 Scanning Arrangement

Fyrometer is fitted into motor parallel to its axis
preferable into the end-shield (fig.6.3) and aligned with
the rotor-cage end ring. The rimg must be painted dull black

on the side facing pyrometer in'order to increase the

radiation capacity.

6.2.73 Advéntages

Since the femperature is equalised very guickly
because of the high thermal conductivity of the conductor
material and the internal brazed connections between the
ba%s and rings, with the result thaf.the bar temperature can-

be determined with sufficient accuracy and relatively

quickly. .
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The scanningvof temperature of the rotor winding while
machine is in Gperatioﬁ is quite'a difficult tas: due to
smallness of the gap between the rotor and stator, the
machine being 1in operation, accuracy and resolution of
measuwrement is required to be high. The problem of wear and
tear in the use of the sliprings and brushes to collect

signal from a transducer moving in conventional methods ,

necessitates an instrumentation system which can overcome
these problems. The proposed'system on the other hand helps
in reducing errors / problems associated with wear and tear

and infirm contact with the slipring beacuse the signal 1is

transmitted with radio link.

A scheme for measuring the temperature of rotor using
radio telemetery has been developed by the author and is

being reported in this chapter.

7.1 Principle

A  seven- point temperature scanner has been developed

here. ' The temperature scanning in the proposed

instrumentation scheme is based on radio transmitting the

value of temperature from the rotor . The temperatures of -

different points measured with the help of thermistor

sensors are converted into pulses, the frequency of which

is proportional to the temperature to be monitored. The

pulses after being time divisionally multiplexed are

transmitted by radic communication link using frequency
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shift keying (FSK) modulation. The thermistors used in the
proposed scheme are negative temperature co—efficient (NTC)
type, that is, the resisténce decreases with the increase of
temperature. These Sensérs are smaller'in.size, cheaper and
have higher sensitivity than .resistance temperature
detectors. The major drawback of non-linearity has been

overcome by using Microprocessor.

At  the receiving end the pulses transmitted by FSH are
democdulated and then fed to a microprocessor which counts .
the time period of the transmitted pulses and gives the

temperature by wusing a lookup table. The microprocessor

also serves as a demultiplesxer for the seven channels.

7.2 System Details

7.2.1 Bchk'schematic -

The various stages of 7-point temperature scanner are

shown in the block schematics in figures 7.1 & 7.2 . This
scanner scans the  temperature at different points with
help of thermistor embedded in the rotor winding

the resistarce of which changes with the change ir

temperature . The resistance outputs of all the seven

channels is converted into pulse trains by using an astable

multivibrator circuits., The frequencies of these pulses are

the measure of temperature scarned by the thermistors.

These pulse trains are time division multiplexed before

being transmitted by frequency shift keying (FSE)

modulation. FSK modulation is performed using a voltage

controlled oscillator (VCO) circuit whicH gives traingular
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wave trains of two different frequencies (in Kilo Hz
freqguency) Ffor two different voltage levels of the square
wave pulse. The triangular Qave trains are fhen passed
through & band pass filter which filters out all hafménic
frequencies and amplifies the two fundamental <Frequencies
which afe finally transmitted in the air usingkan antenna.

Filter also converts triangular waves to sinusoidal ones.

At the receiving end, the sigral received from the motor
rotor is first amplified and then filtered before being
demodulated using a phase locked loop (FLL) circuit. The
demultiplexing, measurement of the time period of pulses and
finally conversion intao the temperatures is performed by the
microprocessor , which nof only measures the time period
accurately , but alsoc takes care of the nonlinearity of the
sensor. The pulses from the demodulator are shaped using a
comparatar so that the input pulses to the microprocessor

are TTL—- compatible.

Different blocks of the transmitting end and receiving

end before the digital signal processing scheme will be

discussed in detail in this chapter and digital signal
processing carried out in  the

microprocessor will be

discussed in the next chapter.

7.3 Transmitting end details

7.3.1 Detector

The scanning system depends, in large measure, on the

sire and type ot thermal sensors used in the
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applications{(1é). Over the past several years, & number of
thermal sensors have been developed for a wide range of
applications. Not all are suitable for motor tgmperature
scanning/monitoring due to their large size, resistance

characteristics and dielectric properties.

Resistance temperature detector gnd thermistor are
perhaps the most familiar and have been associated with the
temperature detection and control for many years. For
proper sensing the sencsing element should be closely coupled

to the - actual source of heat, that is,  with the motor

winding. In this way, the sensing element is responsive to

the conditions of motor over—temperature accurately.

Thermistors can easily be placed close to the heat source

because of the small size and appropriate shape and have an

important advantage of higher sensitivity over resistance

temperature detectors.

a) Thermistor Construction & Types(17)

Thermistors are thermally sensitive resistors that
exhibit a resistance chénge with the change in
O

temperature. (say 4% per C). These thermistors have a stable

ceramic like structure consisting mostly of metallic oxides.

They have high temperature coefficient -10 times that of

typical metals. The temperature coefficient of a thermistor

cam be either negative, that is, resistance decreases with

the increase of temperature or vice versa. In first case

they are termed as NTC and in second case, FTC.
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In many respecﬁs a thermistor resembles a conventional
resistor. It is wusually a two terminal device, having
resistance as its fundamental property , it often looks like
a vresistor and is generally installed and operated in the
manner of an ordinary resistor. But 1its distinguishing
difference is the material from whi&h it is made. Whereas
conventional resistors are made of special wire, an
evaporated film, Carbon or some composition confaining
Carbon, thermistors are made of special mixtures or compound
usually semiconductrs. Some substances used are selected
oxides of Cobalt, Magnesium, Manganese, Nickel, of Uranium.
Thermistors are supplied in variocus types of packages
depending upon make and modei, electrical ratings andA end
applications. Common configurations in use aré rod, disc,A
washer and bead. Size, response  time, maximum rated
temperature and precision of manufacturing are some of the
factors involved in selecting the proper type. Bead type is
smaller in s%;e & response is fastest. Also in terms of

temperature accuracy, discs y rods and washer type are

(@]

usually furnished with given resistance within about , 2 C

of specified temperature whereas bead type is specified
Q

within ©0.05 C. The maximum rated temperature depends on
whether a unit is glass coated or it has attached leads. The

: O
glass coated leads can withstand temperature upto 300 C.

b) Rasic Thermistor Characteristics

s P e T G S it Gt ot e St ot . . e e S04 o o 7 e i Yo Yo AT St

The thermistor has several characteristics that are of

interest. These include cold resistance, hot resistance and

resistance Vs temperature, voltage Vs current and current Vs
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time characteristics.

The term cold resistance denotes the resistanc
0

measured at room tenperature ( 25 C) by some method whic

does not cause appreciable heat producing current to pas
through the thermistor. The accepted technical designatio

of cold resistance is zero power resistance.

The opposite of cold resistance, on the othe:

hand, is resistance of the heated thermistor. In a directl)

heated thermistor, the heat results from the temperature of

the air ( or other medium ) surrounding the thermistor and /

or from current through the thermistor. In a negative -

temperature coefficient (NTC) thermistor hot resistance is
lower than cold resistance and FTC vice versa holds.

The E-I (Voltage Vs Current) conduction curve of a

thermistor is shown in figure 7.3 (16). The voltage drop

across the thermistor increase to as relatively high level

EZ (depending upon type and size) as the current through

thermistor is increased from zero to a certain level I1l.Then

as the ’current is increased Ffurther, the voltage drop

decreases for each new current increment, until it falls to

level El1 at which the current has reached its maximum

permissible value. This decrease in voltage drop, in

response to an increase in cuwrent, indicates a negative

resistance between points I1, E2 and 12, E1l.

Thermal lag appears in some thermistor action. In

particular, the marimum steady state value of current

corresponding to a given voltage is not reached
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instantaneously when that voltage is applied to thermigtor,
but only a short.time later figure 7.4(16). This action is
due to a cummulative effect. When the voltage is first
applied to an NTC thermistor, the added resistance limits
the cur;ent to a relatively low Vélugs ‘Bqt this curkeqt
causes internal heating which, after an inferval, lowers the
thermistor resistance, and this lower resistance allows more
curfent to pass. This increased current, in turn, lowers
the resistance further causing still mo}e current and so

on until further the maximum current is attained.

c) Resistance Vs Temperéture Characteristics of the
thermistor used .

s e e (o S ot S S S S S G s Pt A do M G2V ot S Mt S o S4rm A i i P et e VS A i b ot S i Pabtn S Tt o (et S T o $hT e " St e ot oo e

Two different bead type thermistor have been used to
draw the resistance Vs temperature characteristics. The

value ratings of the two thermistor were 4.7 KQand 10 KQoat

room temperature . The 4.7 kK .Nthermistor is an ordinary bead

type while the 10 Hflthermiétor is glass coated one. The

thermistor were heated in the water bath and resistance

measured with each degree rise in the temperature as in

Appendix. The graphs of two thermistor are show in figure

7.5 and 7.6. The non-linearity of these characteristics does

not pose any problem because of the scheme being

microprocessor based.

7-3.2 Temperature to Frequency Conversion

The temperature 'measured by each thermistor
is converted into the square wave pulse train by using an
astable multivibrator circuit. The astable converts
resistance  into pulse frequency. The temperatqre to
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trequency conversion in the proposed scheme is done by using

IC 855 timer.

The frequency of oscillation of astable multivibrator
circuit built around 555 timer and shown in figure 7.7 is
given by (18). |

f = 1/T = 1.44/ (RA+2RB)C ~—————=———wm (1)

The external capacitor charges through RA and RE  and
discharges Athrough RE only. RE is the temperature-—
dependent resistance of the thermistor.

The thermistor used is 4.7 kK bead type. Its'resisfance
varies between 4.595 KQ and 0.5&60 kKL for temperatureAvérying

o 0
from 26 C to 100 C (Appendix ). Selecting RA = 2200,

C= 0.1 uF and REl = 4.3595 Kfand RB2Z = 5605
f1 = 1.53 KHZ
2 0= 10.75 KHZ
Thus pulse frequency will vary from 1.53 KHz to

O - O
10,75 KHz for temperature varying from 26 C to 100 C.

7.3.3 Multiplexing

The propoéed scheme is able to measure temperature of
seven different points and will have 8 signal
channels. That is, the témperature from 7 thermistors fitted
in the rotor winding will be transmited in 7 differeﬁt
signal channel and the eighth channels will be used for the

sync pulse. The seven signals from the thermistors after

being conver ted into the pulses are time division
multiplexed. The circuit used for digitallmultiplexing is,

shown in figure 7.8. This circuit has been designed to
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transmit each channel for 100 ms with help of a digitél
multiplexer 74151 whose channel are selected cyclically by a

module—8 binary counter (3 flip—-flops) of a 7493

counter
are sed for this purpose, (19). The rate of channel
solution is controlled by a 10-Hz clock made Ffrom a 3555
timer as shown in the diagram.
The seven out of total eight channels will be having

the pulses peasure of the temperatures at different points.
Whereas the eighth channel will have sync—pulse (square)

whose frequency is very much lower than the frequencies of

pulses in other channels. The sync-pulse is used for

detecting the - starting and +inish of one frame of

measurement. In this scheme the sync—-pulse channel has been
connected to the clock of the counter and hence the syncd

pulses and the clock are automatically synchronised.

The frequency of oscillation of S555-based astabie
multivibrator is given by.

+ = 1/7T = 1.44/(RA + 2RE) C.
Taking RA = 330 ohms, R3= 71 KQand C = 1 micro farad,

f = 10.117 HZ.

7.2.4 Frequency shift keying modulation

For radio-transmission of signals from the rotor to the

stationary receiving end instrumentation , the modulation

technique 1is frequency shift keying. The two different

levels of the pulse signals will give two different high

frequency waves after passing through & scaler end shifter,

a voltage controlled oscillator (Vo) and & bandpass

filter.
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(A) Voltage controlled Osdillator

The function generator used for the modulation is IC

NE S66. The 566 device is a general purpose VCO designed for
linar freqguency modulation. It provides simulataneous
triangular and square wave output at freguencies upto 1MHz.
If a sinusoidal waveform is reguired, as in this

application , the wave has to be shaped using an external

circuit.

Figure 7.9 shows the block diagram of the internal
components of a 966 function generator (18) .1t consists of
a current‘source which can be controlled by an external
resistor Ri, & Schmitt trigger and a pair of buffer

amplifiers. The frequency of the oscillation is determined

by the external resistor, R1, an‘exte#nal capacitor, C and

the d.c. voltage applied to the control terminal (pin 3). Rl

should normally lie between 2 K and 20 K while pin must

be biased externally so that the control voltage Vo lies
between 3/4 V+ and V ~-. The typical connection diagram is

shown in Fig.7.10(20) in which R2 and R3 provide bias for

pin 5. A small capacitor say, 0.001 uf, should be connected

between pins S and 6 to eliminate possible oscillations in

the current source. The ¥requéncy of the oscillations can be

varied over 10:1 range by varying Rl . It can also be

’

varied over a 10:1 range by a signal applied to pins via

coupling capacitor CZ . The modulating signal can be coupled

directly as well if appropriate dc bias voltage is applied

to pin 5. The frequency of oscillation fo is given by.
+ + :
FO= 2V - VO)/R1 C1 V . et
Vit et

- af .rl\% N
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Value of Ve must be in the range 3/4 V.. <V, <V and

value of Rl in the range 2 K & Rl {20 K

This square wave having 0 and 5 V levels will have to
be scaled and.level shifted in order.to have frequencies 450
KHz and S00 KHz corr.esponding to them respectively.
Therefore if in one case Vcl is 9 V we know

Lo 2 =Ve) amd s 20V Ve

QcCI V * . R\ G Vr
o 0 12-9 Sooxw> _ 3
"fx 12 - Ve, 4506 % 16° 12 - VCJ_.

ie VC2 = 9.3V
Now taking connections as per figure 7.11 and if C2 =
47pf, CZ = .001pf, R1 = 10K, R2 = 2.2 K and R3 = 10 K
€1 can be computed as under
-
C‘ = 2(V—VC|)

. P.V*‘*l

oo 4

(R) Scaler—-Cum Level shifter

In order to have tQD frequencies Df. 450 KHz and'
500 KHz the two levels of pulseloutput, namely ¢ and SV,
will have to be scaled and shifted so as to get 9.3V and 2V
levels respectively.  This block will be used before the
voltage controled osﬁillator.
The device used +for this purpose i1is the IC 741

operatianal amplifier, acting as an adder(21). The

configuration used is depicted in figure 7.12.
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The pulse signal and & negative voltage of 12 V
are applied to the inverting input pin through
resistance R1 and R2 respectively. The feedback is provided

through a resistance Rf.

Now using following eduations the values of different

resistance can be foundout.

"[é% + (;L?)ng? - 3 Qi. -— )

ury

Taking Rf = 8.2 KQ, we get

2 = 10.598 kKhand R1 = 136.67 KL

() Bandpass Filter

The output of VYCO in this case is triangular, and hence
there 1is a necessity to convert it into sinusoidal wave
train "to have an effective transmission. An  active VIOVS
{(voltage controlled voltage source) band-pass Ffilter has
been used here. An ideal VCVS is a voltage amplifier with
infinite input impedence, zerco out impedence and high stable
gain. The high input impedence, low output i1mpedence and
stable gain of an operational amplifier, when connected in
the inverting feed back configufation, allows its use as a

close approximation to the ideal VCVS.

A VLCVS circuit with a second order band pass transfer

function is shown in figure 7.13(17). A general expression

for a second order band pass transfer function may be

written as.

Aipy) = Aeb Dokt whue b=
| A+ b WoaAH LS

=
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The relationship which gives the transfer functions

Parameter in terms of circuit parameters are
Ao = S

Ry

1+ 80+ G [+ R \y(-K) RL

2,
[ (% 5]

omd b = L R3 | <, (_l_ + 5 ]ﬂV’) Ca _L4J_
Uy L wl®r R
2

Le

The above equations can be simplified considerably if

we select Ct = C2 = C and Rt = RO =R3= R, keeping A0 as

free parameter and the design filter for a specific value of

WO and b as under

R=_J=
We C
K :_5"\]—1

JZAQ?; too = AFS KKz Q7 &fﬂﬁz; 2 1;§¥ Gw¢hbxé¢7vw¢u7
, s = LD -f; ol

anrnd b= )OOKHl.-_

o & = 435 anmad - K : 4. 7003 %arw\ @r i,
We choose the ratio of R4/RS for this value of K. 50‘1; RS =
10 K9, R4 = 47 ko Also taking C1l = C2 = 47 p¥f and from
equation (i)
R = 10.081 Ka.= Rl = R? = R3 and

7.2.5 Antenna

;;;E;—- the distance between the trans@itter and
receiver is not much the wire or loop antennas can easily

be used for transmission.
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7.4 Receiving end details

The signal transmitted from the motor, can be picked up

by an antenna in the shape of loop or wire at the receiving
end. The voltage level of the receivedlsignal will depend on

the distance of receiving antenna from the transmitting

anternna.

7.4.1 Amplification

——

The signal received will be in the order of millivolts

and will require amplification before being processed for
temperature detection. The device used for this purpaose is
inverting type AC amplifier. Although the operational
amplifier is desigrned to amplify de signals , it has rather
broad Ffrequency response and is'conaequently guite useful
for Strictly .a o« signals . The feedback network can be
tailored for exactly the desired pass band. .A simple a.c.

camplitier circuit is shown in figuwre 7.14(22), where the

close loop gain is given by

e ® 4
! ) t /S + R.C,

]

The dc gain'is Tero, and the high frequency gain

approaches - Rf/R1 - The lower cut off frequency is

%° - ‘,?K‘re.c,

The amplifier circuit has been designed'heré for again
of approximately SO, The IC used is 709 which can
cperate in\ high frequency range with proper frequency

compensation components. As indicated in figure 7.15., the

frequency compensations for different values of gain is as
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. INVERTING  CIRCUIT
Fig.7.14. Ac-coupled feedback amplifier .
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follows :

For 20 db gain R =1.%5 k8 C = 500 pf, C2 = 20 pf
40 db gain R = 1.5 Ko €C = 500 pf C2 = 33 pf
Taking frequency compensation for 40 db gain that is,
R =1.5 k& C= 100pf and C2 = 3.3 pf, the gain of S50 can be

achieve by following values.

If Cl = 100 pf.

For cut off frequency of 450 kKHz and from equation

RV =

i it =

'§7Yc(fc

= 3.5 KL

and therefore if R¥f =200 Kithe gain will be about 57 .

7.4.2 Filter and Reampiification

The filter identical to that used in transmitter has

been used here. It filters'unwanted and undesired noise &

interference of different frequencies. The centre fregquency

of the filter is 475 kKHz with band of 100 KHz ie @ = 4.75

e

The f?lter circuit is shown in Fiéure 7.13 . The
values are R1 = R2 = RY = 10.081k, C1=C2=47pf and R4 = 47K
and RS = 10 K. |
The filtered signal, which is Freevfram noise & interference

signals to a large extent, is again amplified . The gain

of this amplifier is §. Taking frequency for 20 db gain,
that is, R2Z = 1.85K¢ C = 500 pf and C2 = 20 pf gain can be

achieved by following values

I+ C1 = 100 pf and R1 = 3.5 K Rf will be 22 KN
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7.4.% Demodulation

The signal received after filtration and
amplification has to be demodulated to obtain the orignal
pulses, which is the measure of tgmpératures of different
peoints in rotor windings . 'The device used for this pQrpoae
is & phase locked loop (FLL) which is used to synchronise
the freqguency of a controlled oscillatér to that of  an
incoming signal.

In its simplest form, a PLL consists of three functional
blocks — a phase detector, a low pass filter and a voltage
controlled oscillator (VCO) (18) The basic lbap may also

have an amplifier and the units are connected together in a

closed loop as shown in figure 7.146 .

7.-4.4 PLL - Principle

The phase detector is assumed to exhibit a multiplier

characteristic . Thus with no input signal applied to the

system, the output from the phase detector is zero . The

error voltage applied as the control signal to the VVCO is

also zero and VCD operates at its free running
*(f = =3
(#- =75)

s this frequency is denoted as the centre frequency.

frequency,

When an

input signal of frequency fs is applied to FLL, the phase

detector produces an output signal which contains two

components fs + f0 and fs-f0. I+ £s 1is significantly

different from fO, both components are attenuated by the low

pass tilter, the frequency of the VCO is not changed and the

loop does not acquire a lock.
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Acts os multiplier
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!
Phasa ve(‘} Low pasrs VQ(') .
- pdem—d  datector - tilter Amplifier — ‘
Input signo! PO Freq LPF Loop okput
to loop components volloge
Vsiny £t/
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{ treg £t g—f; Conversion gain
K. rad/sec
0 yont
VYoltoge v,
conlrolied dA(”
) oscilfotor
womwo+ KoVayy | VCO Control signal to

vC.0o

s

Fig. 7.16 Block diagram of basic PLL
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In other case when the frequency componént fs & fo lies
within the pass band of the low pass filter, output is then
amplified and applied as control signal to the VCD. This
causes che VCO frequency to change in a direction which‘
reduces the frequency difference between fs and fo. When s
is sufficentiy close to fo, the feed back action of the loop
causes the VCO to synchronise or ‘lock’ with the incoming
signal. When tﬁe lock has been acquired the VCO frequency is
identical to that of the input‘signal. The FLL can
‘track’ anylfrquency changes of the input signai once lock
has been acquired. The range of the frequency over which a
FLL can maintain lock with an input signal is called the
‘lock rangé' of the system.

The type of FLL used in this application is LM S&5.

This is genefai purpose FLL containing stable, highly linear
voltage controlled oscillator tor  low distance FM
demodulat}on and a double balanced phase detector with good
carrier ?Fpression. The centre frequency of the PLL is
deéermined by‘the free running frequency of the VCO which
can be adjusted internally with a resistor or a capacitor
and a tuning range of 10:1 can be obtained with the

same capacitor. A block diagram showing the

internal

components in 565 FLL is shown in figure 7.17(20) . The free

running frequency of the VCO with both inputs Qrounded is

given by.

0 = 1.2/ 4 RC1 in Hz

The external resistance R should lie within the range

2

KLOto 20 K2 with an optimum value of the order of 4 KL,
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A short between pins 4 & U connects the VCO ocutput to the
phase gelector . The free Funning frequency can also be
controlled by applying an external voltage to pin 7. The
input signal can be coupled directly if the d.c. resistance
as seen from pins 2 & 3 are equal? and thére is no d.c.:
voltage reference between tthpins . PFPin 6 provides a d.c.
difference voltage that is close.to the d.c. voltage of the
demodul ated output . This also facilitates connecting the

output to an operationél amplifier compensating for Tdrifts

etc.

The diagram used in this application for freqguency
shift keying demodulation is shown in figure 7.18(20).The
transmitted data with the carrier has been shifted between
two freguencies . { 450 KHz and S00 KHz) with the help of a

VCO during with the "0’ and "1’ signal at the transmitting

end.

. The arrangement shown in the figure receives freguency
shift Eeying {(FSK) signals of 450 Khz and 500 KHz. 'AS the
signal appears at the input, the FLL locks to the input

frequencies and tracks it between the two fregquencies with

a  corresponding d.c. shift at the output. A three stage
filter connecting to pin 7 removes the carrier components. A
capacitor ( in pfs) connected to pin 6 removes noise

signal at the reference voltage. The output signal is made

logic compatible by a voltage comparator. The IC used in

this application for this purpose is LM 311.
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Considering the circuit used for frequency shift keying

(Figure 7.18) The values used ar=

Ri = 10 K@ R2 = 4.7 K@ R3 = 10 kKhand R4 = 3.3 KN

e
also Cl1 = Spf, Co = 2000pf, C2 = 10 ffF, C3 = 330 pf
C4

il

470 pf

The values of R & C can be calculated by the equation
f0 = 1.2 / 4 RC

1§ 0 = 475 KHz and C = 100 pf, then R = 6.2 KO

The output of the comparator in this case varies

between O and 12 volts . To make it TTL compatible, the

circuit used is as in"figure 7.18 . The value of resistance

o4

is 3.3 K and two zener diodes of value 2.7V have been used

in series to give output from 0 to § V.



CHAPTER-8

avnte e i ot amte 2 s Mo s

o o o S o (s P ot P e S S S S Sl S et e SO S S S WA S it P A ST B S S Y e Sy S S St P s A S S B B S Gyl o Vo

In this chapter the digital signal processing part 6& the
proposed . scheme will be discussgd. The output of the
receiver is in the form of pulses and has 8~chanhels . The
hardware and software, which will be discussed later in this
chapter y have been developed to demultiplex these 8-
channels and caun£ thé time period of 50 pulses in each
channel. The software will also convert the time periods of
S50 pulees in eacﬁ channel into températures using the lookup
table. And also non-linearity of the temperature -

resistance characteristic of.- the thermistor also gets

eleminated.

8.1 System Description

The output of the receiver after being demodulated has
eight channels. 0One out of these light channels will have

the have the sync pulse of distinctly low frequency <

10 Hz in this case) while the other channels will have
frequencies 1In the range 1.53 kKHz to 10.75 KHz which are
measure of temperatures at seven different points in the

rotor winding and bearings. This signal is fed to a

microprocessor system for basically three operations as

follows :

a) Demultiplexing of &all the eight channels after
detecting the sync pulse.

b} Measurement of the time periods of the pulses in seven

channels.
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c) Conversion of time periods into temperatures using
lookup table which will also remove the nonlinearity element
of the thermistors.

Each channel in one frame is having duwration of 100 ms
and each channel will, therefore, be repeated after every!
BOO’ms (frame period). An approximate illustration is shown
in figure 8.1. The microprocessor will Ffirst sense the
sync pulse by vir£ue of its large time period and theﬁ
demuliplex the eight channels. It also will count time
periacd of S0 pulses in each chénnel. Lastly it will match
this time period with the time corresponding to temperature

of rotor from the lookup table. The temperatures can be

read from the pretixed memory locations of the

microprocessot.

8.2 Hardware Description

An  eight bit microprocessor alongwith a "divide by 4"

counter have been utilized for realising the functions

described in para 8.1. A hardware schematic of the system is
shown in the figure 8.2Z2.
The system has got 8BO0BSA as the central processing

unit (24). The CFU 80BS A communicates with other element of

the system through 8 bit data bus and 16 bit address bus.

The 'lower 8 address lines and 8 bit data lines are

multiplexed. The clock frequency of the system is 3 MHz.

A 2 K byte CMOS RAM (6116 chip) bas been included for

storing data and for stack operation. The total on board

memory can be expended upto 64 K byte. The wvarious chips



86

_ (Y43AI303Y 40 ANdLNO ) HOSSIIOHJOYOIN 3HL OL LINdNI ILUYNIXOHddY 1-8 9l

——

Sw oot

‘Sw 00l

sw 00!

Sw 00t

Sw 008
3NvYd |

sw 00l

sw 00!

Sw 00l

!

3snd
SNONOUHINAS

00T

i

0T

i

NIl

]

~ «T3INNUHD 3NO#




87

SILVW3IHOS 3IUVMGYVH T8 91d

v 2822 v 6808
_waw WO d3 ndd
$3SSN8 108.LNOD gNV VLva‘ssayaav
| ¥3ILINNOD
31gVNNY90Yd L¥od 0/1
€628 §s28 6,28
YILNNOD b .

A8 30i1A10

ayvos A3



88

which can be used are 2716, 2732, 2761 , 27128 and 6116. An

EFROM ( 27324 chip) has been used for storing the program of

this temperature scanner.

8279 is a general purpose programmable keybord and

~J

display 170 interface designed for uvse with 8085
microprocessor. It has got 16 x 8 display RAM which can be

loaded or interrograted by the CFU. When a key is pressed,

its corresponding code is entered in FIFQ queue of 8279 and

can subsequently be read by microprocessor. 8279 also

refreshes the display RAM automatically.

A programmable peripheral interface (FFI) 82335 has been

used to communicate between microprocessor qnd the scanner.

It has got three ports which can be used as I1/0 ports in
three different modes, which are mode O, mode 1 and mode 2.
Selection of the modes depends on a control word to  be

written in the control word register. In this present

system, B255 has been used to communicate with the receiver

of the scanner whose output is a set of pulse trains. To

meet this requirement port C lower has been used as inport

and the port C upper has been used as outport. 8255 has been

used in a basic Input/Output mode, that is, mode 0.

BZ253 1is a programmable interval timer / counter and can

be used for the generation of accurate time delays under

software control. Various other +unctions that can be

implemeted with this chip are programmable rate generation

event counter, binary rate multiplier, real time clock etc.

This chip has got 3 independent 16 bit counters, each having
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a count rate_of up to 2 MHz. For the single step operation
CLk O signal of counter 0 is getting a clock of 1.535 MH=z.
The counter 1 and 2 are being used in this épplications for
measuring the time period of channels and to interrupt the
processor after every 100 ms. To meet the reguirement of
interrupt generation, has been useﬁ a continuous square wave

generator with count length of 2602 H.

There is a control word register in B233 to select the
modes of three counters. So for selecting the modes of the
counters, control word has to be written in the command
register. The information stored in this register controls
the operational mode of each counter, selection of binary
or BCD counting and loading of each counter . Thg register
can only be written into and no reading facility of its
cont96t5 is available. The 8253 can be programmed into 5
different modes, that is, from mode 0 to mode 5. In this
application counter 1 has been used- in Mode O, that 1is ,

Interrupt on terminal count. The counter has been loaded

with count length of 92602 H and is connected to RS5T 6.5 for

interrupt after 100 ms. The gate of timer has been connected

toc FC4 of the B25S PFI. The counter 2 has been used in ‘Mode

4° that is, software triggered strobe. This counter has been

latched after detecting SO pulses in each channel

excepting the sync pulse channel arnd the time period
will be read on fly at this point. 'The gate of this counter
has been hkept permanently high. The input of both the
counters in this scheme has been clock of 1.53% MHz after

being "divided by 4."
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fhe " div;de by 4" operation has been performed b& a
dual flip-flop 7474. The circuit imployed for this purpose
is shown in figure 8.3 . The 7474 has got two flip-flops or"
"divide by two" circuits and nas been used as in figure.
The input signal to this circuit has been applied from the
counter ‘0’ of the B253 which has a clock of 1.535 MHz .

This circuit will divided the frequency by four so, the

counters "1’ and ‘2 which are connected to this circuit can

be uwsed upto 160 ms time period. A circuit dieagram

intertacing the 7474 and 8253 has been shown in figure 8.4,

8.5 Software Description

The software of the temperature scanner will have to

perform the following tasks :

a) To sense the sync pulse with the help of its larger

time period.

b To demultiplex all channels after sensing the. sync
pulse.
c) To measure the timeperiod of fifty pulses in each

channel of the frame.

d) To +indout the temperature corresponding to the
measured value of the time period from the lookup table,
thereby eleminating the non~-linearity generated by the

thermister and resistance to frequency conversion circuit.

8.4 Flow Charts

A e . . e e, i, e e S

The flow charts for the sytem software which accomplish

above tasks are :
a) Main program.

b) Interrupt service subroutine.
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c) Lookup table subroutine.
The above flow charts have been shown in figures 8.5 to
8.7 and are briefly described below.

(a). Main Frogram

e e e ke

In the main program, the stack pointer has been
initialised to save the contents of program counter, betfore
calling any subroutine. Now various counters like two

hardware counters, interrupt counter {(counterl) and, time

period counter (counter 2) , and also the software counters

like channel counter is initialised to zero . The counter

which store address form where the valué of the time period
of all the seven channei starte is initialized. When input
pulse frame ié connected, the progam will first check the
pulse Frame for the synchronous pulse. The time period of
this pulse is abproximately S0 ms., Which is. very large
compared to that of the other pulses. The low and high
states of pulses are checked and if the dufafion between two
subsequent low states of a pulse is more than 34 ms,

then this pulse is the synchronous pulse. Now counter 1 is

loaded for interrupt at RST 4.5 after a vervy short

period. Since only RST 6.% has been used other interrupts

terminal are masked and interrupt system is enabled . The
system waits for interrupt now and the program goes te the

interrupt subroutine which will be discussed - in details

lateron. The main program continuous after the interrupt

subroutine where the channel of the frame is decided or in

otherwords demultiplexing is performed.

Now the time period of the Ffifty pulses Ffor each

channel is counted with the help of counter ‘2’ which

2 is
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latched for S0 pulses and is being read on fly. This count
value 1is stored at proper address and lookup subroatine is
called to see the corresponding va;ue of temperature and
value of temperature is stored at 22 I memory location where
1 is no of channel from Ol to 07 . When interrupt cémes s

the processor starts executing interrupt service subroutine .

s e s et e e s B e T e e WD I SR e e S e S e

(b). Interrupt Service Subroutine

First of all, the processor saves contents of all
registers. The first interrupt will come immediatelyA atter
the leoading of counter "1" is done and the duration for
for other iﬁferrupts is set in this subroutine for 100 ms
that is, the demultiplexing 1is done with -the help of
interrupts. The time for each channel is éontrolled by
interrupts for 100 ms. This value of 100 ms is obtained
by loading counter "1" with 106 ms data ; that is, *8402) D
or 2602 H. When the measurement oflthe time period in all
the seven channels has been completed, that is , I = 08,
this subroutine will theﬁ reinitialise the channel counter to
zero and memory location where address has been stored' to
brignal value.The counter 2 which measure the time periocd
of S0 pulses is also loaded in this subroutine. Before
returning from interrupt subroutine, processor restores all

registers and enables the interrupt system to entertain next

request.
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(c). lL.ookup Subroutine,

The measured time period count for the 50. pulse is
toﬁpared with the prestored count in the lookup table.
The measured count is compared first with the highest count
in the lookup table and if it is lower than this value it
will compare with next lower value and if the value lies
between these two values, it will give temperature
corresponding to first value, If the measured count is still
lower, it will repeat this process further untill the
ﬁeasufed value, finds its comparable value. The temperature

corresponding to this value will be displavyed.
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A micraproce%sor based seven peoint temﬁerature scanner
has been developed and tested in this work. The different
temperatures at the seven channels of the scanner were
simulated with connecting resistances of different values
as sensors. In one channel 4.7 kE thermistor was used as
sensor. Temperatures, ‘after being converted into pulses of
different frequencies were transmitted with Frequency 8Shift
Keying Modulation. All the seven channels were demodul ated
and were scanned with the help of microprocessor  which
demultiplexes the seven channels and counts the time
duration of fifty pulses in each channel. After comparing
the measured vélue with the time periods available in lookupA
table, the temperatures are stored in different memory
locations. The values of temperature stored in the locations
got automatically modified with the changes in the
temperatures or presisely the resistance of thermistor
without changing any hardware in the transmitting end . The
system may alsc give alarms or actuate rélays for any
preselected values of temperatures by Slightiy modifying the

software and hardware at the receiving end .

The sensors of the scanner can be mounted at the time

of manufacturing the motor and can easily be retrofitted.

Because of difficulty in mounting the sensors at a later
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stage, it waé not possible for the author to actually mount
the sensors (thermistor) on motor and scan the temperature
of the motor while running. .In actual application the
transmitter circuit can be mounted near the over hang of

winding where cooling is better, Aléo, the military grade

components are recommended. Because of thier higher
temperature ratings. The stablised power supply ftor

the tranmsmitter «circuit can be provided by the storage cell
which can be replaced during planned maintenance or/and
overhauling of the motor. Further work can also be done for
providing stabilised power supply Ffor the transmitter
circuit eitﬁer by stepping down dc voltage available in  the
rotor of dc motor or converting ac voltage of the ac rotor

into dc and Steﬁping dDQn in case of ac motors.This system
can also be attached to a graphic plotter. By studying the
day today plots , the condition monitoring of the‘motor for
longer and. trouble free life can be done. Also , the control
- signal from the microprocessor can be* used for trouble

shooting by connecting it to the alarm or the circuit

breaketr.
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APPENDIX
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| Temperat— !Resistan | Time :Frequeﬁcy:Decimalcount: Hexa
'

iure( Dg.C)ice (K )i period | (KHz) for S0 pulse! Equivalent
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H 62 P 1.509 i 23436 1 4.267 ! 18000. 00 ! 4650
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Temperature - Resistance, Time period,
Frequency chart

(For 10 K Thermistor)
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! z9 ! 5.89 | 84770 ! 1.180 H
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