MEASUREMENTS AND INSTRUMENTATION UNIT I
INTRODUCTION
MEASUREMENTS:
The measurement of a given quantity is essentially an act or the result of comparison between the
quantity (whose magnitude is unknown) & a predefined standard. Since two quantities are
compared, the result is expressed in numerical values.
BASIC REQUIREMENTS OF MEASUREMENT:
i) The standard used for comparison purposes must be accurately defined & should be commonly
accepted
ii) The apparatus used & the method adopted must be provable.
MEASURING INSTRUMENT:
It may be defined as a device for determining the value or magnitude of a quantity or variable.
1.1 FUNCTIONAL ELEMENTS OF AN INSTRUMENT:
Most of the measurement systems contain three main functional elements. They are:
i) Primary sensing element
ii) Variable conversion element &
iii) Data presentation element.

Primary sensing element:
The quantity under measurement makes its first contact with the primary sensing element of a
measurement system. i.e., the measurand- (the unknown quantity which is to be measured) is first
detected by primary sensor which gives the output in a different analogous form This output is then
converted into an e electrical signal by a transducer - (which converts energy from one form to
another). The first stage of a measurement system is known as a detector transducer stage’.
Variable conversion element:
The output of the primary sensing element may be electrical signal of any form; it may be voltage, a
frequency or some other electrical parameter
For the instrument to perform the desired function, it may be necessary to convert this output to
some other suitable form.
Variable manipulation element:
The function of this element is to manipulate the signal presented to it preserving the original nature
of the signal. It is not necessary that a variable manipulation element should follow the variable
conversion element Some non -linear processes like modulation, detection, sampling , filtering,
chopping etc.,are performed on the signal to bring it to the desired form to be accepted by the next
stage of measurement system This process of conversion is called μ signal conditioning’
The term signal conditioning includes many other functions in addition to Variable conversion &
Variable manipulation In fact the element that follows the primary sensing element in any
instrument or measurement system is called conditioning element’

NOTE: When the elements of an instrument are actually physically separated, it becomes
necessary to transmit data from one to another. The element that performs this function i s called a
data transmission element’.
Data presentation element:
The information about the quantity under measurement has to be conveyed to the personnel
handling the instrument or the system for monitoring, control, or analysis purposes. This function is
done by data presentation element In case data is to be monitored, visual display devices are needed
these devices may be analog or digital indicating instruments like ammeters, voltmeters etc. In case
data is to be recorded, recorders like magnetic tapes, high speed camera & TV equipment, CRT,
printers may be used. For control & analysis is purpose microprocessor or computers may be used.
The final stage in a measurement system is known as terminating stage’
STATIC & DYNAMIC CHARACTERISTICS
The performance characteristics of an instrument are mainly divided into two categories:
i) Static characteristics
ii) Dynamic characteristics
Static characteristics:
The set of criteria defined for the instruments, which are used to measure the quantities which are
slowly varying with time or mostly constant, i.e., do not vary with time, is called ‘static
characteristics’.
The various static characteristics are:
i) Accuracy ii) Precision
iii) Sensitivity
iv) Linearity
v) Reproducibility vi) Repeatability
vii) Resolution
viii) Threshold ix) Drift
x) Stability
xi) Tolerance
xii) Range or span
Accuracy:
It is the degree of closeness with which the reading approaches the true value of the quantity to be
measured. The accuracy can be expressed in following ways:
a) Point accuracy:
Such an accuracy is specified at only one particular point of scale. It does not give any information
about the accuracy at any other point on the scale.
b) Accuracy as percentage of scale span:
When an instrument as uniform scale, its accuracy may be expressed in terms of scale range.
c) Accuracy as percentage of true value:
The best way to conceive the idea of accuracy is to specify it in terms of the true value of the
quantity being measured.
Precision:
It is the measure of reproducibility i.e., given a fixed value of a quantity, precision is a measure of
the degree of agreement within a group of measurements. The precision is composed of two
characteristics:
a) Conformity:
Consider a resistor having true value as 2385692 , which is being measured by an ohmmeter. But
the reader can read consistently, a value as 2.4 M due to the nonavailability of proper scale. The
error created due to the limitation of the scale reading is a precision error.
b) Number of significant figures:

The precision of the measurement is obtained from the number of significant figures, in which the
reading is expressed. The significant figures convey the actual information about the magnitude &
the measurement precision of the quantity.
The precision can be mathematically expressed as: P=1- Xn-Xn(bar)/ Xn
Where, P = precision
Xn = Value of nth measurement
Xn(bar) = Average value the set of measurement values
Sensitivity:
The sensitivity denotes the smallest change in the measured variable to which the instrument
responds. It is defined as the ratio of the changes in the
output of an instrument to a change in the value of the quantity to be measured.
Mathematically it is expressed as,

if the calibration curve is liner, as shown, the sensitivity of the instrument is the slope of the
calibration curve. If the calibration c urve is not linear as shown, then the sensitivity varies with the
input.
Inverse sensitivity or deflection factor is defined as the reciprocal of sensitivity.
Inverse sensitivity or deflection factor = 1/ sensitivity
Linearity:
ǻqi
=
ǻqo
The linearity is defined as the ability to reproduce the input characteristics symmetrically &
linearly.
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Reproducibility:
It is the degree of closeness with which a given value may be repeatedly measured. It is specified in
terms of scale readings over a given period of time.
Repeatability:
It is defined as the variation of scale reading & random in nature.
Drift:
Drift may be classified into three categories:
a) zero drift:
If the whole calibration gradually shifts due to slippage, permanent set, or due to undue warming up
of electronic tube circuits, zero drift sets in.

b) span drift or sensitivity drift
If there is proportional change in the indication all along the upward scale, the drifts is called span
drift or sensitivity drift.
c) Zonal drift:
In case the drift occurs only a portion of span of an instrument, it is called zonal drift.
Resolution:
If the input is slowly increased from some arbitrary input value, it will again be found that output
does not change at all until a certain increment is exceeded. This increment is called resolution.
Threshold:
If the instrument input is increased very gradually from zero there will be some minimum value
below which no output change can be detected. This minimum value defines the threshold of the
instrument.
Stability:
It is the ability of an instrument to retain its performance throughout is specified operating life.
Tolerance:
The maximum allowable error in the measurement is specified in terms of some value which is called
tolerance.
Range or span:
The minimum & maximum values of a quantity for which an instrument is designed to measure is
called its range or span.
Dynamic characteristics:
The set of criteria defined for the instruments, which are changes rapidly with time, is called
‘dynamic characteristics’.
The various static characteristics are:
i) Speed of response ii) Measuring lag
iii) Fidelity
iv) Dynamic error
Speed of response:
It is defined as the rapidity with which a measurement system responds to changes in the measured
quantity.
Measuring lag:
It is the retardation or delay in the response of a measurement system to changes in the measured
quantity. The measuring lags are of two types:
a) Retardation type:
In this case the response of the measurement system begins immediately after the change in measured
quantity has occurred.
b) Time delay lag:
In this case the response of the measurement system begins after a dead time after the application of
the input.
Fidelity:
It is defined as the degree to which a measurement system indicates changes in the measurand
quantity without dynamic error.
Dynamic error:
It is the difference between the true value of the quantity changing with time & the value indicated by
the measurement system if no static error is assumed. It is also called measurement error.

ERRORS IN MEASUREMENT
The types of errors are follows
i) Gross errors
ii) Systematic errors
iii) Random errors
Gross Errors:
The gross errors mainly occur due to carelessness or lack of experience of a human begin
These errors also occur due to incorrect adjustments of instruments
These errors cannot be treated mathematically
These errors are also called personal errors’.
Ways to minimize gross errors:
The complete elimination of gross errors is not possible but one can minimize them by the following
ways: Taking great care while taking the reading, recording the reading &
calculating the result Without depending on only one reading, at least three or more readings must be
taken * preferably by different persons.
Systematic errors:
A constant uniform deviation of the operation of an instrument is known as a Systematic error
The Systematic errors are mainly due to the short comings of the instrument & the characteristics of
the material use d in the instrument, such a s defective or worn parts, ageing effects, env iron metal
effects, etc.
Types of Systematic errors:
There are three types of Systematic errors as:
i) Instrumental errors
ii) Environmental errors iii) Observational errors
Instrumental errors:
These errors can be mainly due to the following three reasons:
a) Short comings of instruments:
These are because of the mechanical structure of the instruments. For example friction in the bearings
of various moving parts; irregular spring tensions, reductions in due to improper handling ,
hysteresis, gear backlash, stretching of spring, variations in air gap, etc .,
Ways to minimize this error:
These errors can be avoided by the following methods:
Selecting a proper instrument and planning the proper procedure for the measurement recognizing the
effect of such errors and applying the proper correction factors calibrating the instrument carefully
against a standard
b) Misuse of instruments:
A good instrument if used in abnormal way gives misleading results. Poor initial adjustment,
Improper zero setting, using leads of high resistance etc., are the examples of misusing a good
instrument. Such things do not cause the permanent damage to the instruments but definitely cause
the serious errors.
C) Loading effects
Loading effects due to im proper way of using the instrument cause the serious errors. The best ex
ample of such loading effect error is connecting a w ell calibrated volt meter across the two points of
high resistance circuit. The same volt meter connected in a low resistance circuit gives accurate
reading..
to minimize this error:
Thus the err ors due to the loading effect can be avoided by using an instrument intelligently and
correctly.
Environmental errors:

These errors are due to the conditions external to the measuring instrument. The various factors
resulting these environmental errors are temperature changes, pressure changes, thermal emf, and
ageing of equipment and frequency sensitivity of an instrument.
Ways to minimize this error:
The various methods which can be used to reduce these errors are:
i) Using the proper correction factors and using the information supplied by the manufacturer of the
instrument
ii) Using the arrangement which will keep the surrounding conditions
Constant
iii) Reducing the effect of dust ,humidity on the components by hermetically sealing the components
in the instruments
iv) The effects of external fields can be minimized by using the magnetic or electro
static shields or screens
v) Using the equipment which is immune to such environmental effects.
Observational errors:
These are the errors introduced by the observer.
These are many sources of observational errors such as parallax error while reading a meter, wrong
scale selection, etc.
Ways to minimize this error
To eliminate such errors one should use the instruments with mirrors, knife edged pointers, etc.,
The systematic errors can be subdivided as static and dynamic errors. The static errors are caused by
the limitations of the measuring device while the dynamic errors are caused by the instrument not
responding fast enough to follow the changes in the variable to be measured.
Random errors:
Some errors still result, though the systematic and instrumental errors are reduced or at least
accounted for. The causes of such errors are unknown and hence the errors are called random errors.
Ways to minimize this error The only way to reduce these errors is by increasing the number of
observations and using the statistical methods to obtain the best approximation of the reading.

STATISTICAL EVALUATION OF MEASUREMENT DATA
Out of the various possible errors, the random errors cannot be determined in the ordinary process of
measurements. Such errors are treated mathematically
The mathematical analysis of the various measurements is called
statistical analysis of the data’.
For such statistical analysis, the same reading is taken number of times, g generally u sing different
observers, different instruments & by different ways of measurement. The statistical analysis helps to
determine analytically t he uncertainty of the final test results.
Arithmetic mean & median:
When the n umber of readings of the same measurement are taken, the most likely value from the set
of measured value is the arithmetic mean of the number of readings taken.
The arithmetic mean value can be mathematically obtained as,

This mean is very close to true value, if number of readings is very large.
But when the number of readings is large, calculation of mean value is complicated. In such a case, a
median value is obtained which is obtained which is a close approximation to the arithmetic mean
value. For a set of μ Q¶ measurements X1, X2, X3.Xn written down in the ascending order of
magnitudes, the median value is given by,
Xmedian=X (n+1)/2
Average deviation:

The deviation tells us about the departure of a given reading from the arithmetic mean of the data set

Where
di=xi- X
di = deviation of ith reading
Xi= value of ith reading
X = arithmetic mean
The average deviation is defined as the sum of the absolute values of deviations divided by the
number of readings. This is also called mean deviation

STANDARD & CALIBRATION
CALIBRATION
Calibration is the process of making an adjustment or marking a scale so that the readings of an
instrument agree with the accepted & the certified standard.
In other words, it is the procedure for determining the correct values of measurand by comparison
with the measured or standard ones. The calibration offers a guarantee to the device or instrument
that it is operating with required accuracy, under stipulated environmental conditions.
The calibration procedure involves the steps like visual inspection for various defects, installation
according to the specifications, zero adjustment etc.
The calibration is the procedure for determining the correct values of measurand by comparison with
standard ones. The standard of device with which comparison is made is called a standard
instrument. The instrument which is unknown & is to be calibrated is called test instrument. Thus
in calibration, test instrument is compared with standard instrument.
Types of calibration methodologies:
There are two methodologies for obtaining the comparison between test instrument & standard
instrument. These methodologies are
i) Direct comparisons
ii) Indirect comparisons
Direct comparisons:
In a direct comparison, a source or generator applies a known input to the meter under test.
The ratio of what meter is indicating & the known generator values gives the meter¶ s error.
In such case the meter is the test instrument while the generator is the standard instrument.
The deviation of meter from the standard value is compared with the allowable performance limit.
With the help of direct comparison a generator or source also can be calibrated.
Indirect comparisons:
In the indirect comparison, the test instrument is compared with the response standard instrument of
same type i .e., if test instrument is meter, standard instrument is also meter, if test instrument is
generator; the standard instrument is also generator & so on.
If the test instrument is a meter then the same input is applied to the test meter as well a standard
meter. In case of generator calibration, the output of the generator tester as well as standard, or set to
same nominal levels. Then the transfer meter is used which measures the outputs of both standard
and test generator.
Standard
All the instruments are calibrated at the time of manufacturer against measurement standards.
A standard of measurement is a physical representation of a unit of measurement.
A standard means known accurate measure of physical quantity.
The different size of standards of measurement is classified as i) International standards
ii) Primary standards

iii) Secondary standards IV) Working standards
International standards
International standards are defined as the international agreement. These standards, as mentioned
above are maintained at the international bureau of weights an d measures and are periodically
evaluated and checked by absolute measurements in term s of fundamental units of physics.
These international standards are not available to the ordinary users for the calibration purpose.
For the improvements in the accuracy of absolute measurements the international units are replaced
by the absolute units in 1948. Absolute units are more accurate than the international units.
Primary standards
These are highly accurate absolute standards, which can be used as ultimate reference standards.
These primary standards are maintained at national standard laboratories in different countries.
These standards representing fundamental units as well as some electrical and mechanical derived
units are calibrated independently by absolute measurements at each of the national laboratories.
These are not available for use, outside the national laboratories. The main function of the primary
standards is the calibration and verification of secondary standards.
Secondary standards
As mentioned above, the primary standards are not available for use outside the national laboratories.
The various industries need some reference standards. So, to protect highly accurate primary
standards the secondary standards are maintained, which are designed and constructed from the
absolute standards. These are used by the measurement and calibration laboratories in industries and
are maintained by the particular industry to which they belong. Each industry has its own standards.
Working standards
These are the basic tools of a measurement laboratory and are used to check an d calibrate the
instruments used in laboratory for accuracy and the performance.
Principle and Types of Analog and Digital Voltmeters
Ø Basically an electrical indicating instrument is divided into two types. They are i) Analog
instruments
ii) Digital Instruments.
Ø Analog instruments are nothing but its output is the deflection of pointer, which is proportional to
its input.
Ø Digital Instruments are its output is in decimal form.
Ø Analog ammeters and voltmeters are classed together as there are no fundamental differences in
their operating principles.
Ø The action of all ammeters and voltmeters, with the exception of electrostatic type of instruments,
depends upon a deflecting torque
Produced by an electric current.
Ø In an ammeter this torque is produced by a current to be measured or by a definite fraction of it.
Ø In a voltmeter this torque is produced by a current which is proportional to the voltage to be
measured.
Ø Thus all analog voltmeters and ammeters are essentially current measuring devices.
The essential requirements of a measuring instrument are
(i) That its introduction into the circuit, where measurements are to be made, does not alter the circuit
conditions;
(ii) The power consumed by them for their operation is small.
Ammeters & Multimeters
Ammeters are connected in series
In the circuit whose current is to be measured. The power loss in an ammeter is I2Ra where I am the
current to be measured and R is the resistance of ammeter. Therefore, ammeters should have a low
electrical resistance so that they cause a small voltage drop and consequently absorb small power.

Voltmeters are connected in parallel with the circuit whose voltage is to be measured. The power
loss in voltmeters is V where V is the voltage U) be measured and R is the resistance of voltmeter.
The voltmeters should have a high electrical resistance, in order that the current drawn by them is
small and consequently the power consumed is small.
Types of instruments
The main types of instruments used as an ammeters and voltmeters are
(i) Permanent magnet moving coil (PMMC)
(ii) Moving iron
(iii) Electro-dynamometer
(iv) Hot wire
(iv) Thermocouple
(vi) Induction
(vii) Electrostatic
viii) Rectifier.

Permanent Magnet Moving Coil Instrument (PMMC)
The permanent magnet moving coil instrument is the most accurate type for d.c. measur ements.
The working principle of these instruments i s the same as that of the d’ Arsonval type of
galvanometers, the difference being that a direct reading instrument is provided with a pointer and a
scale.

Construction of PMMC Instruments
Ø The constructional features of this instrument are shown in Fig.
Ø The moving coil is wound with m any turns of enameled or silk covered copper wire.
Ø The coil is mounted on a rectangular aluminium former which is pivoted on jeweled bearings.
Ø The coils move freely in the field of a permanent magnet.
Ø Most voltmeter coils are wound on metal frames to provide the required electro-magnetic damping.
Ø Most ammeter coils, however, are wound on non -magnetic formers, because coil turns are
effectively shorted by the ammeter shunt.
Ø The coil itself, therefore, provides electromagnetic damping.
Magnet Systems

Ø Old style magnet system consisted of relatively long U shaped permanent magnets having soft iron
pole pieces.
Ø Owing to development of materials like Alcomax and Alnico, which have a high co -ercive force, i
t is possible to use smaller magnet
lengths and high field intensities.
Ø The flux densities used in PMIMC instruments vary from 0.1 W b/m to 1 Wb/m.
Control
Ø When the coil is supported between two jewel bearings the control torque is provided by two
phosphor bronze hair springs.
Ø These springs also serve to lead current in and out of the coil. The control torque is provided by the
ribbon suspension as shown. Ø This method i s comparatively new and is claimed to be
advantageous as it eliminates earing friction.

. Damping
Ø Damping torque is produced by movement of the aluminium former moving in the magnetic
field of the permanent magnet.
Pointer and Scale
Ø The pointer is carried by the spindle and moves over a graduate d scale.
Ø The pointer is of light-weight construction and, apart from those used i n some inexpensive
instruments has the section over the scale twisted to form a fine blade.
Ø This helps to reduce parallax err ors i n the reading of the scale.
When the coil is supported between two jewel bearings the control torque is provided by two
phosphor bronze hair springs.
Ø These springs also serve to lead current in and out of the coil.
Torque Equation.
The torque equation of a moving coil instrument is given by

and G being constants) we get a uniform (linear) scale for the instrument.
Errors in PMMC Instruments
The main sources of errors in moving coil instruments are due to
Ø Weakening of permanent magnets due to ageing at temperature effects.
Ø Weakening of springs due to ageing and temperature effects.
Ø Change of resistance of the moving coil with temperature.
Advantages and Disadvantages of PMMC Instruments
The main advantages of PMMC instruments are
Ø The scale is uniformly divided.
Ø The power consumption is very low
Ø The torque-weight ratio is high which gives a high accuracy. The accuracy is of the order of
generally 2 percent of full scale deflection.
Ø A single instrument may be used for many different current and voltage ranges by using
different values for shunts and multipliers.
Ø Since the operating forces are large on account of large flux densities which may be as high as
0.5 Wb/m the errors due to stray magnetic fields are small.
Ø Self-shielding magnets make the core magnet mechanism particularly useful in aircraft and
aerospace applications.
The chief disadvantages are
Ø These instruments are useful only for d.c. The torque reverses if the current reverses. If the
instrument is connected to a.c., the pointer cannot follow the rapid reversals and the deflection
corresponds to mean torque, which is zero. Hence these instruments cannot be used for a.c.
Ø The cost of these instruments is higher than that of moving iron instruments.

Moving Iron Instruments
Classification of Moving Iron Instruments
Moving iron instruments are of two types
(i) Attraction type. (ii) Repulsion type.
Attraction Type

The coil is flat and has a narrow slot like opening.
Ø The moving iron is a flat disc or a sector eccentrically mounted.
Ø When the current flows through the coil, a magnetic field is produced and the moving iron
moves from the weaker field outside the coil to the
Stronger field inside it or in other words the moving iron is attracted in.
Ø The controlling torque is provide by springs hut gravity control can be used for panel type of
instruments which are vertically mounted.
Ø Damping is provided by air friction with the help of a light aluminium piston (attached to the
moving system) which move in a fixed chamber closed at one end as shown in Fig. or with the
help of a vane (attached to the moving system) which moves in a fixed sector shaped chamber a
shown.
Repulsion Type
In the repulsion type, there are two vanes inside the coil one fixed and other movable. These are
similarly magnetized when the current flows through the coil and there is a force of repulsion
between the two vane s resulting in the movement of the moving vane. Two different designs are
in common use
(I) Radial Vane Type
In this type, the vanes are radial strips of iron.
The strips are placed within the coil as shown in Fig.
The fixed vane is attached to the coil and the movable one to the spindle of the instrument.
(a) Radial vane type. (b) Co-axial vane type

ii) Co-axial Vane Type
Ø In this type of instrument, the fixed and moving vanes are sections of co axial cylinders as
shown in Fig.
Ø The controlling torque is provided by springs. Gravity control can also be used in vertically
mounted instruments.
Ø The damping torque is produced by air friction as in attraction type instruments.
Ø The operating magnetic field in moving iron instruments is very weak and therefore eddy
current damping is not used in them as introduction
of a permanent magnet required for eddy current damping would
destroy the operating magnetic field.
Ø It is clear that whatever may be the direction of the current in the coil of the instrument, the
iron vanes are so magnetized that there is always a force of attraction in the attraction type and
repulsion in the repulsion type of instruments.
Ø Thus moving iron instruments are unpolarised instruments i.e., they are independent of the
direction in which the current passes.
Ø Therefore, these instruments can be used on both ac. and d.c.
Torque Equation of Moving Iron Instrument:
An expression for the torque moving iron instrument may be derived by considering the energy
relations when there is a small increment in current supplied to the instrument. When this
happens there will be a small deflection dș a mechanical work will be done. Let Td be the
deflecting torque.
Mechanical work done = Td. d ș
Alongside there will be a change in the energy stored in the magnetic field owing to change in
inductance.
Suppose the initial current is I, the instrument inductance L and the deflection ș. If the current is
increased by di then the deflection changes by d ș and the inductance by dL. In order to affect a n
increment the current there must be an increase in the applied voltage given by

operating current. The deflecting torque is, therefore, uni- directional ( acts in the same direction)
whatever may be the polarity of the current.
Comparison between Attraction and Repulsion Types of Instruments
In general it may be said that attraction-type instruments possess the same advantages, and are
subject to the limitations, described for the repulsion type.
An attraction type instrument will usually have a lower inductance than the corresponding
repulsion type instrument, and voltmeters will therefore be accurate over a wider range of
frequency and there is a greater possibility of using shunts with ammeters.
On the other hand, repulsion instruments are more suitable for economical production in
manufacture, and a nearly uniform scale is more easily obtained; they are, therefore, much more
common than the attraction type.
Errors in Moving Iron Instruments
There are two types of errors which occur in moving iron instruments — errors which occur with
both a.c. and d.c. and the other which occur only with ac. only.
Errors with both D.C. and A.C
i) Hysteresis Error
ii) Temperature error
iii) Stray magnetic field
Errors with only A.C
Frequency errors
Advantages & Disadvantages
1) Universal use
(2) Less Friction Errors
(3) Cheapness
(4) Robustness (5) Accuracy
(6) Scale
(7) Errors
(8) Waveform errors.

Electrodynamometer (Eelectrodynamic) Type Instruments
The necessity for the a.c. calibration of moving iron instruments as well as other types of
instruments which cannot be correctly calibrated requires the use of a transfer type of instrument.
A transfer instrument is one that may be calibrated with a d.c. source and then used without
modification to measure a.c. This requires the transfer type instrument to have same accuracy for
both d.c. and a.c., which the electrodynamometer instruments have. These standards are
precision resistors and the Weston standard cell (which is a d.c. cell).It is obvious, therefore, that
it would be impossible to calibrate an a.c. instrument directly against the fundamental standards.
The calibration of an a.c. instrument may be performed as follows. The transfer instrument is
first calibrated on d.c.This calibration is then transferred to the a.c. instrument on alternating
current, using operating conditions under which the latter operates properly. Electrodynamic
instruments are capable of service as transfer instruments. Indeed, their principal use as
ammeters and voltmeters in laboratory and measurement work is for the transfer calibration of
working instruments and as standards for calibration of other instruments as their accuracy is
very high. Electrodynamometer types of instruments are used as a.c. voltmeters and ammeters
both in the range of power frequencies and lower part of the audio power frequency range. They
are used as watt-meters, and with some modification as power factor meters and frequency
meters

Operating Principle of Electrodynamometer Type Instrument
It would have a torque in one direction during one half of the cycle and an equal effect in the
opposite direction during the other half of the cycle. If the frequency were very low, the pointer
would swing back and forth around the zero point. However, for an ordinary meter, the inertia is
so great that on power frequencies the pointer does not go very far in either direction but merely
stays (vibrates slightly) around zero. If, however, we were to reverse the direction of the flux
each time the current through the movable coil reverses, a unidirectional torque would be
produced for both positive and negative halves of the cycle.
In electrodynamometer instruments the field can be made to reverse simultaneously with the
current in the movable coil if the field (fixed) coil is connected in series with the movable coil.
Construction of Electrodynamometer type instrument
Fixed Coils
The field is produced by a fixed coil.
This coil is divided into two sections to give a more uniform field near the centre and to allow
passage of the instrument shaft.
Moving Coil
A single element instrument has one moving coil.
The moving coil is wound either as a self-sustaining coil or else on a non- metallic former.
A metallic former cannot be used as eddy current would be induced in it by the alternating field.

Light but rigid construction is used for the moving coil. It should be noted that both fixed and
moving coils are air cored.
Control
The controlling torque is provided by two control springs. These springs act as leads to the
moving coil.
Moving System
The moving coil is mounted on an aluminum spindle.
The moving system also carries the counter weights and truss type pointer.
Sometimes a suspension may be used in case a high sensitivity is desired.
Damping
Air friction damping is employed for these instruments and is provided by a pair of aluminum
vanes, attached to the spindle at the bottom.
These vanes move in sector shaped chambers.
Eddy current damping cannot be used in these instruments as the operating field is very weak (on
account of the fact that the coils are air cored) and any introduction of a permanent magnet
required for eddy current damping would distort the operating magnetic field of the instrument.
Shielding
The field produced by the fixed coils is somewhat weaker than in other types of instruments
It is nearly 0.005 to 0.006 Wb/m
In d.c. measurements even the earth magnetic field may affect the readings.
Thus it is necessary to shield an electrodynamometer type instrument from the effect of stray
magnetic fields.
Air cored electrodynamometer type instruments are protected against external magnetic fields by
enclosing them in a casing of high permeability alloy.
This shunts external magnetic fields around the instrument mechanism and minimizes their
effects on the indication.
Cases and Scales
Laboratory standard instruments are usually contained in highly polished wooden cases.
These cases are so constructed as to remain dimensionally stable over long periods of time.
The glass is coated with some conducting material to completely remove the electrostatic effects.
The case is supported by adjustable leveling screws.
A spirit level is also provided to ensure proper leveling.
The scales are hand drawn, using machine sub-dividing equipment. Diagonal lines for fine subdivision are usually drawn for main markings on the scale.
Most of the high-precision instruments have a 300 mr scale with 100, 120 or 150 divisions.
Torque Equation
Let i1 = instantaneous value of current in the fixed coils: A.
i2 = instantaneous value of current in the moving coil: A. L1 = self-inductance of fixed coils: H.
L2 = self-inductance of moving coils H,
M = mutual inductance between fixed and moving coils: Flux linkages of coil 1, ȥ1 = L1 i1 +
Mi2
Flux linkages f coil 2, ȥ2 = L2 i2 + Mi1
Electrical input energy = e1i1dt+e2i2dt

Now the self-inductances L and L are constant and therefore dL
and dL are both equal to zero. Thus we have
Errors in Electrodynamometer Instruments
i) Frequency error
ii) Eddy current error
iii) External magnetic field iv) Temperature changes
Advantages
i) These instruments can be used on both a.c & d.c
ii) Accurate rms value
Disadvantages
(i) They have a low torque/weight ratio and hence have a low sensitivity. (ii) Low torque/weight
ratio gives increased frictional losses.
(iii) They are more expensive than either the PMMC or the moving iron type instruments.
(iv) These instruments are sensitive to overloads and mechanical impacts. Therefore, they must
be handled with great care.
(v) The operating current of these instruments is large owing to the fact that they have weak
magnetic field. The flux density is about 0.006 Wb/m as against 0.1 to 0.5 Wb/m in PMCC
instruments
(vi) They have a non-uniform scale.

Digital Voltmeter
A digital voltmeter (DVM) displays the value of a.c. or d.c. voltage being measured directly as
discrete numerals in the decimal number system. Numerical readout of DVMs is advantageous
since it eliminates observational errors committed by operators.
The errors on account of parallax and approximations are entirely eliminated.
The use of digital voltmeters increases tile speed with which readings can be taken.
A digital voltmeter is a versatile and accurate voltmeter which has many laboratory applications.
On account of developments in the integrated circuit (IC) technology, it has been possible to
reduce the size, power requirements and cost of digital voltmeters.
In fact, for the same accuracy, a digital voltmeter now is less costly than its analog counterpart.
The decrease in size of DVMs on account of use of ICs, the portability of the instruments has
increased.
Types of DVMs
The increasing popularity of DVMs has brought forth a wide number of types employing
different circuits. The various types of DVMs in general use are
(i) Ramp type DVM
(ii) Integrating type DVM
(iii) Potentiometric type DVM
(iv) Successive approximation type DVM (v) Continuous balance type DVM
Ramp type Digital Voltmeter
The operating principle of a ramp type digital voltmeter is to measure the time that a linear ramp
voltage takes to change from level of input voltage to zero voltage (or vice versa).This time
interval is measured with an electronic time interval counter and the count is displayed as a
number of digits on electronic indicating tubes of the output readout of the voltmeter. The
conversion of a voltage value of a time interval is shown in the timing diagram .A negative going
ramp is shown in Fig. but a positive going ramp may also be used. The ramp voltage value is
continuously compared with the voltage being measured (unknown voltage).At the instant the
value of ramp voltage is equal to that of unknown voltage.The ramp voltage continues to
decrease till it reaches ground level (zero voltage).At this instant another comparator called
ground comparator generates. a pulse and closes the gate. The time elapsed between opening and
closing of the gate is t as indicated in Fig. During this time interval pulses from a clock pulse
generator pass through the gate and are counted and displayed. The decimal number as indicated
by the readout is a measure of the value of input voltage.The sample rate multivibrator
determines the rate at which the measurement cycles are initiated. The sample rate circuit
provides an initiating pulse for the ramp generator to start its next ramp voltage. At the same
time it sends a pulse to the counters which set all of them to 0. This momentarily removes the
digital display of the readout.
Integrating Type Digital Voltmeter
The voltmeter measures the true average value of the input voltage over a fixed measuring
period. In contrast the ramp type DVM samples the voltage at the end of the measuring period.
This voltmeter employs an integration technique which uses a voltage to frequency conversion.
The voltage to frequency (VIF) converter functions as a feedback control system which governs
the rate of pulse generation in proportion to the magnitude of input voltage.

Actually when we employ the voltage to frequency conversion techniques, a train of pulses,
whose frequency depends upon the voltage being measured, is generated.
Then the number of pulses appearing in a definite interval of time is counted.
Since the frequency of these pulses is a function of unknown voltage, the number of pulses
counted in that period of time is an indication of the input (unknown) voltage.
The heart of this technique is the operational amplifier acting as an Integrator.
Output voltage of integrator E = -Ei / RC*t
Thus if a constant input voltage E is applied, an output voltage E is produced which rises at a
uniform rate and has a polarity opposite to that input voltage. In other words, it is clear from the
above relationship that for a constant input voltage the integrator produces a ramp output voltage
of opposite polarity. The basic block diagram of a typical integrating type of DVM is shown in

The unknown voltage is applied to the input of the integrator, and the output voltage starts to
rise. The slope of output voltage is determined by the value of input voltage This voltage is fed a
level detector, and when voltage reaches a certain reference level, the detector sends a pulse to
the pulse generator gate. The level detector is a device similar to a voltage comparator. The
output voltage from integrator is compared with the fixed voltage of an internal reference source,
and, when voltage reaches that level, the detector produces an output pulse.
It is evident that greater then value of input voltage the sharper will be the slope of output
voltage and quicker the output voltage will reach its reference level. The output pulse of the
level detector opens the pulse level gate, permitting pulses from a fixed frequency clock
oscillator to pass through pulse generator.

The generator is a device such as a Schmitt trigger that produces an output pulse of fixed
amplitude and width for every pulse it receives. This output pulse, whose polarity is opposite to
that of and has greater amplitude, is fedback of the input of the integrator. Thus no more pulses
from the clock oscillator can pass through to trigger the pulse generator.When the output voltage
pulse from the pulse generator has passed, is restored to its original value and starts its rise
again.When it reaches the level of reference voltage again, the pulse generator gate is
opened.The pulse generator is trigger by a pulse from the clock generator and the entire cycle is
repeated again. Thus, the waveform of is a saw tooth wave whose rise time is dependent upon
the value of output voltage and the fail time is determined by the width of the output pulse from
the pulse generator.Thus the frequency of the saw tooth wave is a function of the value of the
voltage being measured.Since one pulse from the pulse generator is produced for each cycle of
the saw tooth wave, the number of pulses produced in a given time interval and hence the
frequency of saw tooth wave is an indication of the voltage being measured.
Potentiometric Type Digital Voltmeter
A potentiometric type of DVM employs voltage comparison technique. In this DVM the
unknown voltage is compared with reference voltage whose value is fixed by the setting of the
calibrated potentiometer. The potentiometer setting is changed to obtain balance (i.e. null
conditions). When null conditions are obtained the value of the unknown voltage, is indicated by
the dial setting of the potentiometer. In potentiometric type DVMs, the balance is not obtained
manually but is arrived at automatically. Thus, this DVM is in fact a self- balancing
potentiometer. The potentiometric DVM is provided with a readout which displays the voltage
being measured.

The block diagram of basic circuit of a potentiometric DVM is shown. The unknown voltage is
filtered and attenuated to suitable level. This input voltage is applied to a comparator (also
known as error detector).This error detector may be chopper.The reference voltage is obtained
from a fixed voltage source. This voltage is applied to a potentiometer.The value of the feedback
voltage depends up the position of the sliding contact.The feedback voltage is also applied to the
comparator.The unknown voltage and the feedback voltages are compared in the comparator.The
output voltage of the comparator is the difference of the above two voltages.The difference of
voltage is called the error signal.The error signal is amplified and is fed to a potentiometer
adjustment device which moves the sliding contact of the potentiometer. This magnitude by
which the sliding contact moves depends upon the magnitude of the error signal.
The direction of movement of slider depends upon whether the feedback voltage is larger or the
input voltage is larger. The sliding contact moves to such a place where the feedback voltage
equals the unknown voltage. In that case, there will not be any error voltage and hence there will
be no input to the device adjusting the position of the sliding cont act and therefore it (sliding
contact) will come to rest. The position of the potentiometer adjustment device at this point is
indicated in numerical form on the digital readout device associated with it.

PRINCIPLE AND TYPES OF MULTI METERS – SINGLE AND THREE PHASE WATT
METERS AND ENERGY METERS – MAGNETIC MEASUREMENTS – DETERMINATION OF
B-H CURVE AND MEASUREMENTS OF IRON LOSS – INSTRUMENT TRANSFORMERS –
INSTRUMENTS FOR MEASUREMENT OF FREQUENCY AND PHASE.
SINGLE AND THREE PHASE WATTMETERS AND ENERGY METERS
Single Phase Induction Type Meters
The construction and principle of operation of Single Phase Energy Meters is explained below
Construction of Induction Type Energy Meters
There are four main parts of the operating mechanism
(i)
Driving system (ii) Moving system (iii) Braking system (iv) Registering system
DRIVING SYSTEM
The driving system of the meter consists of two electro-magnets. The core of these
electromagnets is made up of silicon steel laminations. The coil of one of the electromagnets is
excited by the load current. This coil is called the current coil. The coil of second electromagnet is
connected across the supply and, therefore, carries a current proportional to the supply voltage. This
coil is called the pressure coil. Consequently the two electromagnets are known as series and shunt
magnets respectively. Copper shading bands are provided on the central limb. The position of these
bands is adjustable. The function of these bands is to bring the flux produced by the shunt magnet
exactly in quadrature with the applied voltage.
MOVING SYSTEM
This consists of an aluminum disc mounted on a light alloy shaft. This disc is positioned in
the air gap between series and shunt magnets. The upper bearing of the rotor (moving system) is a
steel pin located in a hole in the bearing cap fixed to the top of the shaft. The rotor runs on a
hardened steel pivot, screwed to the foot of the shaft. The pivot is supported by a jewel bearing. A
pinion engages the shaft with the counting or registering mechanism.

SINGLE PHASE ENERGY METER
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BRAKING SYSTEM
A permanent magnet positioned near the edge of the aluminium disc forms the
braking system. The aluminium disc moves in the field of this magnet and thus provides a
braking torque. The position of the permanent magnet is adjustable, and therefore braking
torque can be adjusted by shifting the permanent magnet to different
radial positions as explained earlier.

POINTER TYPE

CYCLOMETER REGISTER

REGISTERING (COUNTING) MECHANISM
The function of a registering or counting mechanism is to record continuously a
number which is proportional to the revolutions made by the moving system. By a suitable
system, a train of reduction gears the pinion on the rotor shaft drives a series of five or six
pointers. These rotate on round dials which are marked with ten equal divisions. The
pointer type of register is shown in Fig. Cyclo-meter register as shown in Fig can also he
used.
Errors in Single Phase Energy Meters
The errors caused by the driving system are
(i) Incorrect magnitude of fluxes. (ii) Incorrect phase angles. (iii) Lack of Symmetry in
magnetic circuit.
The errors caused by the braking system are
i) changes in strength of brake magnet
ii) changes in disc resistance
iii) abnormal friction iv) self braking effect
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THREE PHASE GENERAL SUPPLY WITH CONTROLLED LOAD
















L1 – 30A Load Control (Hot Water)
L2 – Maximum 2A Load Control (Storage Heating)
2.5mm² with 7 strands for conductors to control customer contactor
Load carrying conductors not less than 4mm² or greater than 35mm²
All metering neutrals to be black colour 4mm² or 6 mm² with minimum 7 stranded
conductors.
Not less than 18 strand for 25 & 35mm² conductors
Refer to SIR’s for metering obligations
Comply with Electrical Safety (Installations) Regulations 2009 and AS/NZS 3000
Customer needs to provide 2A circuit breaker as a Main Switch and their load
control contactor
Within customer’s switchboard
Meter panel fuse not required for an overhead supply.
Off Peak controlled load only includes single phase hot water & single or multiphase storage heating
Wiring diagram applicable for Solar
Metering diagram is applicable for 2 or 3 phase load. For 2 phase loads – Red and
Blue phase is preferred.
WATTMETER
Electrodynamometer Wattmeters






These instruments are similar in design and construction to electrodynamometer
type ammeters and voltmeters.
The two coils are connected in different circuits for measurement of power.
The fixed coils or “ field coils” arc connected in series with the load and so carry the
current in the circuit.
The fixed coils, therefore, form the current coil or simply C.C. of the wattmeter.
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The moving coil is connected across the voltage and, therefore, carries a current
proportional to the voltage.
A high non-inductive resistance is connected in series with the moving coil to limit
the current to a small value.
Since the moving coil carries a current proportional to the voltage, it is called the ‘ ‘
pressure coil’ ’ or “ voltage coil” or simply called P.C. of the wattmeter.
Construction of Electrodynamometer Wattmeter
Fixed Coils





The fixed coils carry the current of the circuit. They are divided into two halves.
The reason for using fixed coils as current coils is that they can be made more
massive and can be easily constructed to carry considerable current since they
present no problem of leading the current in or out.
The fixed coils are wound with heavy wire. This wire is stranded or laminated
especially when carrying heavy currents in order to avoid eddy current losses in
conductors. The fixed coils of earlier wattmeters were designed to carry a current of
100 A but modem designs usually limit the maximum current ranges of wattmeters
to about 20 A. For power measurements involving large load currents, it is usually
better to use a 5 A wattmeter in conjunction with a current transformer of suitable
range.

DYNAMOMETER WATTMETER
Damping
Air friction damping is used.
The moving system carries a light aluminium vane which moves in a sector shaped box.
Electromagnetic or eddy current damping is not used as introduction of a permanent magnet
(for damping purposes) will greatly distort the weak operating magnetic field.
Scales and Pointers
They are equipped with mirror type scales and knife edge pointers to remove reading errors due
to parallax.
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THEORY OF ELECTRODYNAMOMETER WATT-METERS

CIRCUIT OF ELECTRODYNAMOMETER
It is clear from above that there is a component of power which varies as twice the frequency
of current and voltage (mark the term containing 2 Ȧt).
Average deflecting torque,

Controlling torque exerted by springs Tc= Kș
Where, K = spring constant; ș= final steady deflection.
Errors in electrodynamometer
i) Errors due to inductance effects ii) Stray magnetic field errors
iii) Eddy current errors iv) Temperature error
Ferrodynamic Wattmeters
The operating torque can be considerably increased by using iron cores for the coils.
Ferrodynamic wattmeters employ cores of low loss iron so that there is a large increase in
the flux density and consequently an increase in operating torque with little loss in
accuracy. The fixed coil is wound on a laminated core having pole pieces designed to give a
uniform radial field throughout the air gap. The moving coil is asymmetrically pivoted and
is placed over a hook shaped pole piece. This type of construction permits the use of a long
scale up to about 270° and gives a deflecting torque which is almost proportional to the
average power. With this construction there is a tendency on the part of the pressure coil
to creep (move further on the hook) when only the pressure coil is energized. This is due
to the fact that a coil tries to take up a position where it links with maximum flux. The creep
causes errors and a compensating coil is put to compensate for this voltage creep.
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The use of ferromagnetic core makes it possible to employ a robust construction
for the moving element. Also the Instrument is less sensitive to external magnetic fields.
On the other hand, this construction introduces non-linearity of magnetization curve and
introduction of large eddy current & hysteresis losses in the core.
THREE PHASE WATTMETERS
A dynamometer type three-phase wattmeter consists of two separate wattmeter
movements mounted together in one case with the two moving coils mounted on the same
spindle. The arrangement is shown in Fig. There are two current coils and two pressure
coils. A current coil together with its pressure coil is known as an element. Therefore, a
three phase wattmeter has two elements. The connections of two elements of a 3 phase
wattmeter are the same as that for two wattmeter method using two single phase
wattmeter. The torque on each element is proportional to the power being measured by it.
The total torque deflecting the moving system is the sum of the deflecting torque of’ the
two elements. Hence the total deflecting torque on the moving system is proportional to
the total Power. In order that a 3 phase wattmeter read correctly, there should not be any
mutual interference between the two elements. A laminated iron shield may be placed
between the two elements to eliminate the mutual effects.
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THREE PHASE WATTMETER
INSTRUMENT TRANSFORMERS
Power measurements are made in high voltage circuits connecting the
wattmeter to the circuit through current and potential transformers as shown. The primary
winding of the C.T. is connected in series with the load and the secondary winding is
connected in series with an ammeter and the current coil of a wattmeter. The primary
winding of the potential transformer is connected across the supply lines and a voltmeter
and the potential coil circuit of the wattmeter are connected in parallel with the secondary
winding of the transformer. One secondary terminal of each transformer and the casings
are earthed.

The errors in good modem instrument transformers are small and may be ignored for
many purposes.
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However, they must be considered in precision work. Also in some power
measurements these errors, if not taken into account, may lead to very inaccurate results.
Voltmeters and ammeters are affected by only ratio errors while wattmeters are influenced
in addition by phase angle errors. Corrections can be made for these errors if test
information is available about the instrument transformers and their burdens. Phasor
diagrams for the current and voltages of load, and in the wattmeter coils

of Ferro-magnetic materials used for their construction. Therefore, magnetic
measurements and a thorough knowledge of characteristics of magnetic materials are of
utmost importance in designing and manufacturing electrical equipment.
The principal requirements in magnetic measurements are
(i) The measurement of magnetic field strength in air.
(ii) The determination of B-H curve and hysteresis loop for soft Ferro-magnetic materials.
(iii) The determination of eddy current and hysteresis losses of soft Ferro-magnetic
materials subjected to alternating magnetic fields.
(iv) The testing of permanent magnets.
Magnetic measurements have some inherent inaccuracies due to which the measured
values depart considerably from the true values. The inaccuracies are due to the following
reasons
(i) The conditions in the magnetic specimen under test are different from those assumed in
calculations;
(ii) The magnetic materials are not homogeneous
(iv)There is no uniformity between different batches of test specimens even if such batches
are of the same composition.
Types of Tests
Many methods of testing magnetic materials have been devised wherein attempts
have been made to eliminate the inaccuracies. However, attention will be confined to a few
basic methods of ‘ Testing Ferro-magnetic materials. They are:
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(i) Ballistic Tests: These tests are generally employed for the determination of B- H
curves and hysteresis loops of Ferro-magnetic materials.
(ii) A. C. Testing. These tests may be carried at power, audio or radio frequencies. They
give information about eddy current and hysteresis losses in magnetic materials.
(iii) Steady State Tests. These are performed to obtain the steady value of flux density
existing in the air gap of a magnetic circuit.
Ballistic Tests: These tests are used for determination of flux density in a specimen,
determination of B-H curves and plotting of hysteresis loop.
MEASUREMENT OF FLUX DENSITY
The measurement of flux density inside a specimen can be done by winding a search coil
over the specimen. This search coil is known as a “ B coil” . This search coil is then
connected to a ballistic galvanometer or to a flux meter.
Let us consider that we have to measure the flux density in a ring specimen shown in Fig.
The ring specimen is wound with a magnetizing winding which carries a current I. A
search coil of convenient number of turns is wound on the specimen and connected
through a resistance and calibrating coil, to a ballistic galvanometer as shown. The current
through the magnetizing coil is reversed and therefore the flux linkages of the search coil
change inducing an emf in it. Thus emf sends a current through the ballistic galvanometer
causing it to deflect.
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MAGNETIC POTENTIOMETER
This is a device for measurement of magnetic potential difference between two
points. It can be shown that the line integral of magnetizing force H produced by a coil of N
concentrated turns carrying a current I is:

around any closed path linking the coil.
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Magnetic potentiometer
This is the circuital law of the magnetic field and forms the basis of magnetic
potentiometer. A magnetic potentiometer may be used to determine the mmf around a
closed path, or the magnetic potential difference between two points in a magnetic circuit.
A magnetic potentiometer consists of a one metre long flat and uniform coil made of two or
four layers of thin wire wound unidirectional on a strip of flexible non-magnetic material.
The coil ends are brought out at the middle of the strip as shown in Fig. and connected to a
ballistic galvanometer. The magnetic potential difference between points A and B of the
field is measured by placing the ends of the strip at these points and observing the throw of
the ballistic galvanometer when the flux through the specimen is changed.
DETERMINATION OF B-H CURVE
Method of reversals
A ring shaped specimen whose dimensions are known is used for the purpose
After demagnetizing the test is started by setting the magnetising current to its lowest test
vlane. With galvanometer key K closed, the iron specimen is brought into a ‘ reproducible
cyclic magnetic state’ by throwing the reversing switch S backward and forward about
twenty times.
Key K is now opened and the value of flux corresponding to this value of H is measured by
reversing the switch S and noting the throw of galvanometer. The value of flux density
corresponding to this H can be calculated by dividing the flux by the area of the specimen.
The above procedure is repeated for various values of H up to the maximum testing point.
The B-H curve may be plotted from the measured values of B corresponding to the various
values of H.
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Step by step method
The circuit for this test is shown in Fig. The magnetizing winding is supplied through a
potential divider having a large number of tapping. The tappings are arranged so that the
magnetizing force H may be increased, in a number of suitable steps, up to the desired
maximum value. The specimen before being tested is demagnetized. The tapping switch S
is set on tapping I and the switch S is closed. The throw of the galvanometer corresponding
to this increase in flux density in the specimen, form zero to some value B, is observed.
Step by step method
After reaching the point of maximum H i.e... when switch S is at tapping 10, the
magnetizing current is next reduced, in steps to zero by moving switch 2 down through the
tapping points 9, 8, 7 3, 2, 1. After reduction of magnetizing force to zero, negative values
of H are obtained by reversing the supply to potential divider and then moving the switch S
up again in order 1, 2, 3 7, 8. 9, 10.
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DETERMINATION OF HYSTERESIS LOOP
Method of reversals
This test is done by means of a number of steps, but the change in flux density
measured at each step is the change from the maximum value + Bm down to some lower
value. But before the next step is commenced the iron specimen is passed through the
remainder of the cycle of magnetization back to the flux density + Bm. Thus the cyclic state
of magnetization is preserved.
The connections for the method of reversals are shown in Fig.

Method of reversal
MEASUREMENT OF FREQUENCY :
A frequency meter is an instrument that displays the frequency of a periodic electrical
signal.
Various types of frequency meters are used. Many are instruments of the deflection type,
ordinarily used for measuring low frequencies but capable of being used for frequencies as
high as 900 Hz. These operate by balancing two opposing forces. Changes in the frequency
to be measured cause a change in this balance that can be measured by the deflection of a
pointer on a scale. Deflection-type meters are of two types, electrically resonant
circuits and ratiometers.
An example of a simple electrically resonant circuit is a moving-coil meter. In one version,
this device has two coils tuned to different frequencies and connected at right angles to one
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another in such a way that the whole element, with attached pointer, can move.
Frequencies in the middle of the meter’s range cause the currents in the two coils to be
approximately equal and the pointer to indicate the midpoint of a scale. Changes in
frequency cause an imbalance in the currents in the two coils, causing them, and the
pointer, to move.
Another type of frequency meter, Weston Frequency meter is not of the deflection type, is
the resonant reed type, ordinarily used in ranges from 10 to 1,000 Hz, although special
designs can operate at lower or higher frequencies.
The main principle of working of weston type frequency meter is that "when an current
flows through the two coils which are perpendicular to each other, due to these currents
some magnetic fields will produce and thus the magnetic needle will deflects towards the
stronger magnetic field showing the measurement of frequency on the meter".
Construction of weston frequency is as compared to ferrodynamic type of frequency meter.
In order to construct a circuit diagram we need two coils, three inductors and two
resistors. Axis of both coils are marked as shown. Scale of the meter is calibrated such that
at standard frequency the pointer will take position at 45o. Coil 1 contains a series resistor
marked R1 and reactance coil marked as L1, while the coil 2 has a series reactance coil
marked as L2 and parallel resistor marked as R2. The inductor which is marked as L0 is
connected in series with the supply voltage in order to reduce the higher harmonic means
here this inductor is working as a filter circuit. Let us look at the working of this meter.
Now when we apply voltage at standard frequency then the pointer will take normal
position, if there increase the frequency of the applied voltage then we will see that the
pointer will moves towards left marked as higher side as shown in the circuit diagram.
Again we reduce the frequency the pointer will start moving towards the right side, if lower
the frequency below the normal frequency then it cross the normal position to move
towards left side marked lower side as shown in the figure. Now let us look at the internal
working of this meter. Voltage drop across an inductor is directly proportion to frequency
of the source voltage, as we increase the frequency of the applied voltage the voltage drop
across the inductor L1 increase that means the voltage impressed between the coil 1 is
increased hence the current through the coil 1 increase while the current through the coil 2
decreases. Since the current through the coil 1 increases the magnetic field also increases
and the magnetic needle attracts more towards the left side showing the increment in the
frequency. Similar action will takes if decrease the frequency but in this the pointer will
moves towards the left side.





Weston frequency meter
Electrical resonance type frequency meter
Mechanical resonance type frequency meter
Digital frequency meter

An important electrical quantity with no equivalent in DC circuits is frequency.
Frequency measurement is very important in many applications of alternating current,
especially in AC power systems designed to run efficiently at one frequency and one
frequency only. If an electromechanical alternator is generating the AC, the frequency will
be directly proportional to the shaft speed of the machine, and frequency could be
measured simply by measuring the speed of the shaft. If frequency needs to be measured at
some distance from the alternator, though, other means of measurement will be necessary.
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One simple but crude method of frequency measurement in power systems utilizes the
principle of mechanical resonance. Every physical object possessing the property of
elasticity (springiness) has an inherent frequency at which it will prefer to vibrate. The
tuning fork is a great example of this: strike it once and it will continue to vibrate at a tone
specific to its length. Longer tuning forks have lower resonant frequencies: their tones will
be lower on the musical scale than shorter forks. Imagine a row of progressively sized
tuning forks arranged side-by-side. They are all mounted on a common base, and that base
is vibrated at the frequency of the measured AC voltage (or current) by means of an
electromagnet. Whichever tuning fork is closest in resonant frequency to the frequency of
that vibration will tend to shake the most (or the loudest). If the forks' tines were flimsy
enough, we could see the relative motion of each by the length of the blur we would see as
we inspected each one from an end-view perspective. Well, make a collection of “tuning
forks” out of a strip of sheet metal cut in a pattern akin to a rake, and you have the vibrating
reed frequency meter: (Figure below)

Vibrating reed frequency meter diagram.

The user of this meter views the ends of all those unequal length reeds as they
are collectively shaken at the frequency of the applied AC voltage to the coil. The one
closest in resonant frequency to the applied AC will vibrate the most, looking something
like Figure below.
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Vibrating reed frequency meter front panel
Vibrating reed meters, obviously, are not precision instruments, but they are very simple
and therefore easy to manufacture to be rugged. They are often found on small enginedriven generator sets for the purpose of setting engine speed so that the frequency is
somewhat close to 60 (50 in Europe) Hertz.
While reed-type meters are imprecise, their operational principle is not. In lieu of
mechanical resonance, we may substitute electrical resonance and design a frequency
meter using an inductor and capacitor in the form of a tank circuit (parallel inductor and
capacitor). See Figure below. One or both components are made adjustable, and a meter is
placed in the circuit to indicate maximum amplitude of voltage across the two components.
The adjustment knob(s) are calibrated to show resonant frequency for any given setting,
and the frequency is read from them after the device has been adjusted for maximum
indication on the meter. Essentially, this is a tunable filter circuit, which is adjusted and
then read in a manner similar to a bridge circuit (which must be balanced for a “null”
condition and then read).

This technique is a popular one for amateur radio operators (or at least it was
before the advent of inexpensive digital frequency instruments called counters), especially
because it doesn't require direct connection to the circuit. So long as the inductor and/or
capacitor can intercept enough stray field (magnetic or electric, respectively) from the
circuit under test to cause the meter to indicate, it will work. In frequency as in other types
of electrical measurement, the most accurate means of measurement are usually those
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where an unknown quantity is compared against a known standard, the basic instrument
doing nothing more than indicating when the two quantities are equal to each other. This is
the basic principle behind the DC (Wheatstone) bridge circuit and it is a sound metrological
principle applied throughout the sciences. If we have access to an accurate frequency
standard (a source of AC voltage holding very precisely to a single frequency), then
measurement of any unknown frequency by comparison should be relatively easy. For that
frequency standard, we turn our attention back to the tuning fork, or at least a more
modern variation of it called the quartz crystal. Quartz is a naturally occurring mineral
possessing a very interesting property called piezoelectricity. Piezoelectric materials
produce a voltage across their length when physically stressed, and will physically deform
when an external voltage is applied across their lengths. This deformation is very, very
slight in most cases, but it does exist. Quartz rock is elastic (springy) within that small
range of bending which an external voltage would produce, which means that it will have a
mechanical resonant frequency of its own capable of being manifested as an electrical
voltage signal. In other words, if a chip of quartz is struck, it will “ring” with its own unique
frequency determined by the length of the chip, and that resonant oscillation will produce
an equivalent voltage across multiple points of the quartz chip which can be tapped into by
wires fixed to the surface of the chip. In reciprocal manner, the quartz chip will tend to
vibrate most when it is “excited” by an applied AC voltage at precisely the right frequency,
just like the reeds on a vibrating-reed frequency meter.
Chips of quartz rock can be precisely cut for desired resonant frequencies, and that chip
mounted securely inside a protective shell with wires extending for connection to an
external electric circuit. When packaged as such, the resulting device is simply called a
crystal (or sometimes “xtal”). The schematic symbol is shown in Figure below.

Crystal (frequency determing element) schematic symbol.
Electrically, that quartz chip is equivalent to a series LC resonant circuit. (Figure below)
The dielectric properties of quartz contribute an additional capacitive element to the
equivalent circuit.
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Quartz crystal equivalent circuit
The “capacitance” and “inductance” shown in series are merely electrical
equivalents of the mechanical resonance properties: they do not exist as discrete
components within the crystal. The capacitance shown in parallel due to the wire
connections across the dielectric (insulating) quartz body is real, and it has an effect on the
resonant response of the whole system. A full discussion on crystal dynamics is not
necessary here, but what needs to be understood about crystals is this resonant circuit
equivalence and how it can be exploited within an oscillator circuit to achieve an output
voltage with a stable, known frequency. Crystals, as resonant elements, typically have much
higher “Q” (quality) values than tank circuits built from inductors and capacitors,
principally due to the relative absence of stray resistance, making their resonant
frequencies very definite and precise. Because the resonant frequency is solely dependent
on the physical properties of quartz (a very stable substance, mechanically), the resonant
frequency variation over time with a quartz crystal is very, very low. This is how quartz
movement watches obtain their high accuracy: by means of an electronic oscillator
stabilized by the resonant action of a quartz crystal. For laboratory applications, though,
even greater frequency stability may be desired. To achieve this, the crystal in question
may be placed in a temperature stabilized environment (usually an oven), thus eliminating
frequency errors due to thermal expansion and contraction of the quartz. For the ultimate
in a frequency standard though, nothing discovered thus far surpasses the accuracy of a
single resonating atom. This is the principle of the so-called atomic clock, which uses an
atom of mercury (or cesium) suspended in a vacuum, excited by outside energy to resonate
at its own unique frequency. The resulting frequency is detected as a radio-wave signal and
that forms the basis for the most accurate clocks known to humanity. National standards
laboratories around the world maintain a few of these hyper-accurate clocks, and
broadcast frequency signals based on those atoms' vibrations for scientists and technicians
to tune in and use for frequency calibration purposes.
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ELECTRICAL RESONANCE TYPE FREQUENCY METER

WESTON FREQUENCY METER:

DIGITAL FREQUENCY METER:

20

MEASUREMENT OF PHASE:
A device for measuring the difference in phase of two alternating currents of electromotive
forces.



Analog phase meter
Digital phase meter

DIGITAL PHASE METER

ANALOG PHASE METER

DIGITAL MULTIMETER:

D.C potentiometers, D.C (Wheat stone, Kelvin and Kelvin Double bridge) & A.C bridges (Maxwell,
Anderson and Schering bridges), transformer ratio bridges, self-balancing bridges. Interference &
screening – Multiple earth and earth loops – Electrostatic and electromagnetic Interference –
Grounding techniques.

UNIT-3

COMPARISON METHODS OF
MEASUREMENTS

DC Potentiometer
An instrument that precisely measures an electromotive force (emf) or a voltage

by

opposing to it a known potential drop established by passing a definite current through a resistor
of known characteristics. (A three-terminal

resistive

voltage

divider

is

sometimes

also

called a potentiometer.) There are two ways of accomplishing this balance: the current I may be
held at a fixed value and the resistance R across which the IR drop is opposed to the unknown may
be varied, current may be varied across a fixed resistance to achieve the needed IR drop.
The essential features of a general-purpose constant-current instrument are shown in
the illustration. The value of the current is first fixed to match an IR drop to the emf of a reference
standard cell. With the standard-cell dial set to read the emf of the reference cell, and the
galvanometer (balance detector) in position G1, the resistance of the supply branch of the circuit
is adjusted until the IR drop in 10 steps of the coarse dial plus the set portion of the standard-cell
dial balances the known reference emf, indicated by a null reading of the galvanometer. This
adjustment permits the potentiometer to be read directly in volts. Then, with the galvanometer in
Position G2, the coarse, intermediate, and slide-wire dials are adjusted until the galvanometer
again reads null. If the potentiometer current has not changed, the emf of the unknown can be
read directly from the dial settings.
There is usually a switching arrangement so that the galvanometer can be quickly
shifted between positions 1 and 2 to check that the current.

Figure 3.1 DC Potentiometer

Circuit diagram of a general-purpose constant-current potentiometer, showing essential
features Potentiometer techniques may also be used for current measurement, the unknown current
being sent through a known resistance and the IR drop opposed by balancing it at the voltage

terminals of the potentiometer. Here, of course, internal heating and consequent resistance change
of the current-carrying resistor (shunt) may be a critical factor in measurement accuracy; and the
shunt design may require attention to dissipation of heat resulting from its I2R power consumption.
Potentiometer techniques have been

extended to

alternating-voltage measurements,

but generally at a reduced accuracy level (usually 0.1% or so). Current is set on an ammeter
which must have the same response on ac as on dc, where it may be calibrated with a potentiometer
and shunt combination. Balance in opposing an unknown voltage is achieved in one of two ways:
a slide-wire and phase-adjustable supply; separate in-phase and quadrature adjustments on
Slide wires supplied from sources that have a 90° phase difference. Such potentiometers have
limited use in magnetic testing.
An instrument that precisely measures an electromotive force (emf) or a voltage by
opposing to it a known potential drop established by passing a definite current through a resistor
of known characteristics. (A three-terminal

resistive

voltage

divider

is

sometimes

also

called a potentiometer.) There are two ways of accomplishing this balance the current I may be
held at a fixed value and the resistance R across which the IR drop is opposed to the unknown may
be varied; current may be varied across a fixed resistance to achieve the needed IR drop.
The essential features of a general-purpose constant-current instrument are

shown

in

the

illustration.
The value of the current is first fixed to match an IR drop to the emf of a reference
standard cell. With the standard-cell dial set to read the emf of the reference cell, and the
galvanometer (balance detector) in position G1, the resistance of the supply branch of the circuit
is adjusted until the IR drop in 10 steps of the coarse dial plus the set portion of the standard-cell
dial balances the known reference emf, indicated by a null reading of the galvanometer. This
adjustment permits the potentiometer to be read directly in volts. Then, with the galvanometer in
position G2, the coarse, intermediate, and slide-wire dials are adjusted until the galvanometer
again reads null. If the potentiometer current has not changed, the emf of the unknown can be
read directly from the dial settings. There is usually a switching arrangement so that the
galvanometer can be quickly shifted between positions 1 and 2 to check that the current has not
drifted from its set value.
Potentiometer techniques may also be used for current measurement, the unknown current
being sent through a known resistance and the IR drop opposed by balancing it at the voltage
terminals of the potentiometer. Here, of course, internal heating and consequent resistance change
of the current-carrying resistor (shunt) may be a critical factor in measurement accuracy; and the

shunt design may require attention to dissipation of heat resulting from its I2R power consumption.
Potentiometer techniques have been extended to alternating-voltage measurements, but generally
at a reduced accuracy level (usually 0.1% or so). Current is set on an ammeter which must have
the same response on ac as on dc, where it may be calibrated with a potentiometer and shunt
combination.
Balance in opposing an unknown voltage is achieved in one of two ways: a slide-wire
and phase-adjustable supply; separate in-phase and quadrature adjustments on slide wires
supplied from sources that have a 90° phase difference. Such potentiometers have limited use in
magnetic testing an electrical measuring device used in determining the electromotive force (emf)
or voltage by means of the compensation method. When used with calibrated standard
resistors, a potentiometer can be employed to measure current, power, and other electrical
quantities; when used with the appropriate measuring transducer, it can be used to gauge various
nonelectrical quantities, such as temperature, pressure, and the composition of gases.
A distinction is made between DC and AC potentiometers. In DC potentiometers, the
voltage being measured is compared to the emf of a standard cell. Since at the instant of
compensation the current in the circuit of the voltage being measured equals zero, measurements
can be made without reductions in this voltage. For this type of potentiometer, accuracy can
exceed 0.01 percent. DC potentiometers are categorized as either high-resistance, with a slide-wire
resistance ranging from 104 to 105 ohms (Ω) and a current ranging from 10-1 to 10-9 amperes (A),
or low-resistance, with a slide-wire resistance below 2 × 103 ohms and a current ranging from 10-1 to
10-3A.
The higher resistance class can measure up to 2 volts (V) and is used in testing highly
accurate apparatus. The low-resistance class is used in measuring voltage up to 100 mV. To
measure higher voltages, up to 600 V, and to test voltmeters, voltage dividers are connected to
potentiometers. Here the voltage drop across one of the resistances of the voltage divider is
compensated; this constitutes a known fraction of the total voltage being measured.

BRIDGES
Bridge circuits are mainly used to measure unknown quantities such as resistance,
inductance, capacitance, Impedance and admittance. Bridge circuit consists of 4 resistance arms
forming a closed circuit with dc source of current applied to two opposite junctions and a current
detector connected to the other two junctions.

Types of bridges
 A.C Bridges
 D.C Bridges

DC Bridges
Wheatstone bridge
A Wheatstone bridge is an electrical circuit invented by Samuel Hunter Christie in 1833
and improved and popularized by Sir Charles Wheatstone in 1843. It is used to measure

an

unknown electrical resistance by balancing two legs of a bridge circuit, one leg of which includes
the unknown component. Its operation is similar to the original potentiometer.

Operation

Figure 3.2 Wheatstone Bridge
In the figure 3.2, Rx is the unknown resistance to be measured; R1, R2 and R3 are resistors of
known resistance and the resistance of R2 is adjustable. If the ratio of the two resistances in the
known leg(R2 / R1) is equal to the ratio of the two in the unknown leg (Rx / R3), then the voltage
between the two midpoints (B and D) will be zero and no current will flow through

the

galvanometer Vg. If the bridge is unbalanced, the direction of the current indicates whether R2 is
too high or too low. R2 is varied until there is no current through the galvanometer, which then reads
zero. Detecting zero current with a galvanometer can be done to extremely

high

accuracy.

Therefore, if R1, R2 and R3 are known to high precision, then Rx can be measured to high
precision. Very small changes in Rx disrupt the balance and are readily detected.

At the point of balance, the ratio of R2 / R1 = Rx / R3
𝐼1 − 𝐼2 − 𝐼𝑔 = 0
𝐼3 − 𝐼𝑥 + 𝐼𝑔 = 0
Alternatively, if R1, R2, and R3 are known, but R2 is not adjustable, the voltage difference
across or current flow through the meter can be used to calculate the value of Rx, using
Kirchhoff's circuit laws (also known as Kirchhoff's rules). This setup is frequently used
in strain gauge and resistance thermometer measurements as it is usually faster to read a voltage
level off a meter than to adjust a resistance to zero the voltage.

Derivation
First, Kirchhoff's first rule is used to find the currents in junctions B and D:
Then, Kirchhoff's second rule is used for finding the voltage in the loops ABD and BCD:
𝑅𝑥 =

𝑅2. 𝐼2. 𝐼3. 𝑅3
𝑅1. 1𝐼 𝑥. 𝐼

𝑅𝑥 =

𝑅3. 𝑅2
𝑅1

The bridge is balanced and Ig = 0, so the second set of equations can be rewritten as:
(𝐼3. 𝑅3) − (𝐼𝑔. 𝑅𝑔) − (𝐼1. 𝑅1) = 0
Then, the equations are divided and rearranged, giving:
(𝐼3. 𝑅3) − (𝐼𝑔. 𝑅𝑔) − (𝐼1. 𝑅1) = 0
(𝐼𝑥. 𝑅𝑥) − (𝐼2. 𝑅2) + (𝐼𝑔. 𝑅𝑔) = 0
From the first rule, I3 = Ix and I1 = I2. The desired value of Rx is now known to be given as:
𝐼3. 𝑅3 = 𝐼1. 𝑅1
𝐼𝑥. 𝑅𝑥 = 𝐼2. 𝑅2
If all four resistor values and the supply voltage (VS) are known, and the resistance of
the galvanometer is high enough that Ig is negligible, the voltage across the bridge (VG) can be found
by working out the voltage from each potential divider and subtracting one from the other. The
equation for this is:
𝑉𝐺 =

𝑅𝑥
𝑅2
𝑉𝑆 −
𝑉𝑆
𝑅 3 + 𝑅𝑥
𝑅 1 + 𝑅2

This can be simplified to:
𝑉𝐺 = (

𝑅𝑥
𝑅2
−
) 𝑉𝑆
𝑅3 + 𝑅𝑥 𝑅1 + 𝑅2

with an explosimeter. The Kelvin bridge was specially adapted from the Wheatstone bridge for
measuring very low resistances. In many cases, the significance of measuring the unknown

resistance is related to measuring the impact of some physical phenomenon - such as force,
temperature, pressure, etc. which thereby allows the use of Wheatstone bridge in measuring
those elements indirectly.

KELVIN BRIDGE

Figure 3.3 Kelvin Bridge

A Kelvin bridge (also called a Kelvin double bridge and some countries Thomson bridge)
is a measuring instrument invented by William Thomson, 1st Baron Kelvin. It is used to measure
an unknown electrical resistance below 1 Ω. Its operation is similar

to

the Wheatstone

bridge except for presence of additional resistors. These additional low value resistors and the
internal configuration of the bridge are arranged to substantially reduce measurement errors
introduced by voltage drops in the high current (low resistance) arm of the bridge

Accuracy
There are some commercial the devices reaching accuracies of 2% for resistance
ranges from 0.000001 to 25 Ω. Often, ohmmeters include Kelvin

bridges,

amongst

other

measuring instruments, in order to obtain large measure ranges, for example, the Valhalla 4100
ATC Low-Range Ohmmeter.
The instruments for measuring sub-ohm values are often referred to as lowresistance ohmmeters, milli-ohmmeters, micro-ohmmeters, etc

Principle of operation
The measurement is made by adjusting some resistors in the bridge, and the balance
is achieved when: in 1865 and further improved by Alan Bulletin in about 1926.
Resistance R should be as low as possible (much lower than the measured value)
and for that

reason

If the condition

is usually

made

as

a

short

thick

rod

of

solid copper.

R3R4’ =R3’R 4 met (and value of R is low), then the last component

in the equation can be neglected and it can be assumed that:

𝑅 =𝑅 .𝑅3 +R.(𝑹𝟑𝑹′𝟒)−(𝑹′𝟑.𝑹𝟒)
𝑥
2
′
′
𝑅4

𝑹𝟒.(𝐑+𝑹 𝟑+𝑹 𝟒)

AC BRIDGES

Schering Bridge
A Schering bridge is a bridge circuit used for measuring an unknown electrical
capacitance and its dissipation factor. The dissipation factor of a capacitor is the the ratio of its
resistance to its capacitive reactance. The Schering Bridge is basically a four-arm alternatingcurrent (AC) bridge circuit whose measurement depends on balancing the loads on its arms.
Figure3.4 below shows a diagram of the Schering Bridge.

Figure 3.4 Schering Bridge

In the Schering Bridge above, the resistance values of resistors R1 and R2 are known,
while the resistance value of resistor R3 is unknown. The capacitance values of C1 and C2
are also known, while the capacitance of C3 is the value being measured. To measure R3 and
C3, the values of C2 and R2 are fixed, while the values of R1 and C1 are adjusted until the
current through the ammeter between points A and B becomes zero. This happens when
the voltages at points A and B are equal, in which case the bridge is said to
be 'balanced'.
When the bridge is balanced, Z1/C2 = R2/Z3, where Z1 is the impedance of R1 in
parallel with C1 and Z3 is the impedance of R3 in series with C3. In an AC circuit that has
a capacitor, the capacitor contributes a capacitive reactance to the impedance. The
capacitive reactance of a capacitor C is 1/2πfC.
As such, Z1 = R1/[2πfC1((1/2πfC1) + R1)] = R1/(1 + 2πfC1R1) while Z3 = 1/2πfC3 + R3.

Thus, when the bridge is balanced:
2πfC2R1/(1+2πfC1R1) = R2/(1/2πfC3 + R3); or
2πfC2(1/2πfC3 + R3) = (R2/R1)(1+2πfC1R1); or
C2/C3 + 2πfC2R3 = R2/R1 + 2πfC1R2.
When the bridge is balanced, the negative and positive reactive components are equal and
cancel out, so
2πfC2R3 = 2πfC1R2 or
R3 = C1R2 / C2.
Similarly, when the bridge is balanced, the purely resistive components are equal, so
C2/C3 = R2/R1 or
C3 = R1C2 / R2.

Maxwell's Bridge

Figure 3.5 Maxwell’s Bridge
The Maxwell bridge is used to measure unknown inductance in terms of calibrated resistance
and capacitance. Calibration-grade inductors are more difficult to manufacture than capacitors
of similar precision, and so the use of a simple "symmetrical" inductance bridge is not always
practical. Because the phase shifts of inductors and capacitors are exactly opposite each other, a
capacitive impedance can balance out an inductive impedance if they are located in opposite legs
of a bridge, as they are here.
Another advantage of using a Maxwell bridge to measure inductance rather than a
symmetrical inductance bridge is the elimination of measurement error due to mutual inductance
between two inductors. Magnetic fields can be difficult to shield, and even a small amount
of coupling between coils in a bridge can introduce substantial errors in certain conditions.








ELECTROMAGNETIC INTERFERENCE
Definition
If the parameter to be measured is at the place at which a measurement is to be
displayed or used for control purposes is at some distance from the point of measurement, then it
can lead to various problems. The main one is electrical noise or interference being
superimposed on the measurement signal. This is called electromagnetic interference.

Sources Of Electromagnetic Interference
Sources of noise and interference include
 Ac power circuits, solenoids switching fluorescent lightning, radio frequency
transmitters.
 Welding equipment.
 Inductive or capacitive coupling.
 By having earths of slightly different potentials.

Effects of electromagnetic interference
Electromagnetic interference often affects instrument signals, particularly when operating
with very sensitive instruments which are close to equipment that produces a log of electrical
noise.
Example: Some of the instruments which are close to the measuring instrument include
thyristor drives for AC motors which produce high-frequency spikes. Drives for DC motors also
produce noise, but at lower frequencies than AC drives, as do solid state relays and other

equipment with high inductance or capacitance, such as induction heating.

Electromagnetic compatibility
The electromagnetic compatibility regulations are designed to eliminate radio frequency
interference emissions from electrical machines and to ensure that these machines are immune to
such radiation from external sources.

Limiting Interference Problems
To limit interference problems, the following steps are being taken:
 Signal and power cables are routed as far as possible from one another.
 Sensors such as load beams are electrically insulated from other equipment.
 Shielding is used where necessary and appropriate earthing is done.
 Low pass filters are used to reduce high frequency noise in signals and the
signals themselves are amplified as near to the sensor as possible to reduce the
signal-to-noise ratio on the cabling.
 Sometimes the problem itself can be reduced by using, for example DC ,
instead of AC motors and drives.
 ‘Molybdenum’ metal is useful for mechanical shielding of electrically ‘noisy’
components.

ELECTROSTATIC INTERFERENCE AND SCREENING
The Basics of Balancing
Balanced connections in an audio system are designed to reject both external noise, from
power wiring etc., and also internal cross talk from adjacent signal cables. The basic principle of
balanced interconnection is to get the signal you want by subtraction, using a three wire
connection. In Many cases, one signal wire (the hot or in-phase) senses the actual output of the
sending unit, while the other (the cold or phase-inverted)senses the unit’s output –socket ground,
and the difference between them gives the wanted signal. Are in theory completely cancelled by
the subtraction. In real life the subtraction falls short of perfection, as the gains via the hot and
cold inputs will not be precisely the same, and the degree of discrimination Actually achieved is
called the Common-Mode Rejection Ratio, or CMRR.

Screening
While two wires carry the signal , the third is the ground wire which has the dual of both
joining the grounds of the interconnected equipment, and electrostaticallly screening the two
signal wires by being in some way wrapped around them. The ‘wrapping around’ can mean.



A lapped screen with wires laid parallel to the central signal conductor. The screening
converge is not perfect, and can be badly degraded as it tends to open up on the outside of
cable bends.



A braided screen around the central signal wires. This is more expensive, but opens up
less on bends. Screening is not 100%, but certainly better than screen.



An overlapping foil screen, with the ground wire running down the inside of the foil and
in electrical contact with it. This is usually the most effective as the foil cannot open up
on the outside of bends, and should give perfect electrostatic screening, However, the
higher resistance of aluminium foil compared with Copper braid means that RF screening
may be worse.

Advantages of Balancing
 It discriminates against noise and crosstalk.
 Balanced interconnect aloes 6 dB more signal level on the line.

Electrical Noise
Noise gets into signal cables in three major ways:

Electrostatic coupling
An interfering signal with significant voltage amplitude couples directly to the inner
signal line, through stray capacitance.

Figure3.14 Electrostatic Coupling
The situation is shown in Figure 3.14 with C.C representing the stray capacitance between
imperfectly-screened conductors: this will be a fraction of a Pf in most circumstances. This
coupling can be serious in studio installations with unrelated signals going down the same
ducting.
The two main lines of defence against electrostatic coupling are effective screening

and low impedance drive.
An overlapping foil screen provides complete protection. Driving the line from a
low impedance, of the order of 100 Ohms or less, means that the interesting signal, having passed
through a very small capacitance, is a very small current and cannot develop much voltage across
such a low impedance. For the best effectiveness the impedance must remain low up to as high a
frequency as possible: this can be a problem as op[-amps invariably have a frequency, and this
makes the output impedance side with frequency possible.
This can be a problem as op-amps invariably have a feedback factor that begins to
fall from a low, and possibly sub-audio frequency, and this makes the output impedance rise with
frequency. From the point of view of electrostatic screening alone, the screen does not need tube
grounded at some point. Electrostatic coupling falls off with the square of distance. Rearranging
the cable-run away from the source of interference is more effective than trying to rely on very
good common-mode rejection.

Figure 3.15 Magnetic Coupling
An EMF Vm is induced in both signal conductors and the screen, and according to
some writers, the screen current must be allowed to flow freely or its magnetic field will not
cancel out the field acting on the signal conductors, and therefore the screen should be grounded
at both ends, to form a circuit. In practice on the common-mode rejection of the balanced system,
to cancel out the hopefully equal voltages Vm induced in the two signal wires. The need to ground
both ends for magnetic rejection is not a restriction, as it will emerge that there are other good
reasons why the screens should be grounded at both ends of a cable.

In critical situations the equality of these voltage is maximised by minimising the loop area
between the two signal wires, usually by twisting them tightly together. In practice most audio

cables have parallel rather than twisted signal conductors, and this seems adequate most of the
time. Magnetic coupling falls off with the square of distance, so rearranging the cable-run away
from the source of magnetic field is usually all that is required. It is unusual for it to present
serious difficulties in a domestic environment.


Ground voltages coupled in through the common ground impedance
This is the root of most ground loop problems. In the equipment safety ground
causes a loop ABCD; the more existence of a loop in itself does no harm, but it is
invariably immersed in a 50 Hz magnetic field that will induce mains frequency current
plus odd harmonics into it.
This current produces a voltage drop down the non- negligible ground-wire
resistance, and this once again effectively appears as a voltage source in each of the to
signal lines. Since the CMRR is finite , a proportion of this voltage will appear to be
differential signal, and will be reproduced as such.

GROUNDING TECHNIQUES
Grounding (or)Earthling
This is one of the simplest but most efficient methods to reduce interference.
Grounding can be used for three different purposes:


Protection Ground
Provides protection for the operators from dangerous voltages. Widely used on

mains-operated equipment.


Function Ground
The ground is used as a conductive path for signals.

Example: in asymmetrical cables screen, which is one conductor for the signal, is
connected to the ground.


Screening Ground
Used to provide a neutral electrical path for the interference, to prevent that the

interfering voltages or currents from entering the circuit.
In this chapter we will only consider the third aspect. Grounding of equipment is often
required for the cases 1 or 2 anyhow, so that the screening ground is available "free
of charge".
Sometimes the grounding potential, provided by the mains connection, is very
"polluted". This means that the ground potential itself already carries an interfering signal.

This is especially likely if there are big power consumers in the neighbourhood or even in the
same building. Using such a ground might do more harm than good. The quality of the ground
line can be tested by measuring it with a storage scope against some other ground connection,
e.g. a metal water pipe or some metal parts of the construction. Never use the Neutral (N) of
the mains as ground. It might contain strong interference, Because it carries the load current of
all electrical consumers.
The grounding can be done by single-point grounding or by multi-point grounding. Each
method has advantages which depend on the frequency range of the signal frequencies. All parts
to be grounded are connected to one central point. This results in no "ground loops" being
produced. This means the grounding conductors do not form any closed conductive path in
which magnetic interference could induce currents. Furthermore, conductive lines between
the equipment are avoided, which could produce galvanic coupling of interference. Central
grounding requires consistent

arrangement

of

the grounding circuit

and requires

insulation of the individual parts of the circuit. This is sometimes very difficult to achieve. A
system using the single-point grounding.

Multi-Point Grounding
In multi-point grounding all parts are connected to ground at as many points as possible.
This requires that the ground potential itself is as widely spread as possible.
In practice, all conductive parts of the chassis, the cases, the shielding, the room and the
installation are included in the network. The interconnection of these parts should be done at as
many point possible.

Screening
When considering the effect of electrical and magnetic fields, we have to distinguish
between low and high frequencies. At high frequencies the skin effect plays an important roll for
the screening. The penetration describes the depth from the surface of the conductor, where the
current density has decayed to 37% compared to the surface of the conductor. the interference and
never fully prevent it. This means there will never be a system which is 100% safe from
interference. Because the efforts and the cost will rise with the degree of reduction of
interference, a compromise has to be found between the effort and the result.
The requirement for the reduction of interference will depend on:


the strength of the interference source



the sensitivity of the interference sink



the problems caused by interference



the costs of the equipment

We will discuss ways of preventing interference, their effect, and the main aspects for
the optimum efficiency of each method.

 Receiving / Inspection / Storage
The Package Compact Substation is shipped from the factory ready for installation on
site. It has been submitted to all normal routine tests before being shipped, and it is not required
to do any voltage testing before putting it into service, provided the substation has not
sustained any damage during transportation. Immediately upon receipt of the Package Compact
Substation, examine them to determine if any damage or loss was sustained during transit. If
abuse or rough handling is evident, file a damage claim with carrier and promptly notify
the nearest ABB office. ABB ELECTRICAL INDUSTRIES CO. LTD. is not responsible
for damage of goods after delivery to the carrier; however, we will lend assistance if notified of
claims.

 Personnel Safety
The first and most important requirements are the protection against contact with
live parts during normal service as well as maintenance or modifications. This is the reason why
all live parts have been metal enclosed, so that when the parts are live and the Package Compact
Substation doors are open, no one can be able to touch them. Also, it is safe in case any shortcircuiting or sparking occurs at the bus bars.

 Ventilation
Transformer compartment has been provided with sand trap louvers, to prevent ingress
of sand and that proper air circulation should take place.



Earthling
Proper earthling bus bar has been provided.



Handling
Lifting lugs has been provided on top of four corners of the housing for lifting the DPS

by crane and chains as a single unit, otherwise this can be done by a forklift

of

sufficient capacity, but the lifting fork must be positioned under the transformer portion. Schering
Bridge is independent of frequency.

TRANSDUCERS

INTRODUCTION OF TRANSDUCERS
• A transducer is a device that convert one form of energy
to other form. It converts the measurand to a usable
electrical signal.
• In other word it is a device that is capable of converting
the physical quantity into a proportional electrical
quantity such as voltage or current.

Pressure

Voltage

BLOCK DIAGRAM OF TRANSDUCERS
• Transducer contains two parts that are closely related to
each other i.e. the sensing element and transduction
element.
• The sensing element is called as the sensor. It is device
producing measurable response to change in physical
conditions.
• The transduction element convert the sensor output to
suitable electrical form.

CHARACTERISTICS OF TRANSDUCERS
1.
2.
3.
4.
5.
6.
7.
8.

Ruggedness
Linearity
Repeatability
Accuracy
High stability and reliability
Speed of response
Sensitivity
Small size

TRANSDUCERS SELECTION FACTORS
1.

2.
3.
4.
5.

6.

Operating Principle: The transducer are many times selected
on the basis of operating principle used by them. The operating
principle used may be resistive, inductive, capacitive ,
optoelectronic, piezo electric etc.
Sensitivity: The transducer must be sensitive enough to
produce detectable output.
Operating Range: The transducer should maintain the range
requirement and have a good resolution over the entire range.
Accuracy: High accuracy is assured.
Cross sensitivity: It has to be taken into account when
measuring mechanical quantities. There are situation where the
actual quantity is being measured is in one plane and the
transducer is subjected to variation in another plan.
Errors: The transducer should maintain the expected inputoutput relationship as described by the transfer function so as
to avoid errors.

Contd.
7.

Transient and frequency response : The transducer should meet
the desired time domain specification like peak overshoot, rise
time, setting time and small dynamic error.
8. Loading Effects: The transducer should have a high input
impedance and low output impedance to avoid loading effects.
9. Environmental Compatibility: It should be assured that the
transducer selected to work under specified environmental
conditions maintains its input- output relationship and does not
break down.
10. Insensitivity to unwanted signals: The transducer should be
minimally sensitive to unwanted signals and highly sensitive to
desired signals.

CLASSIFICATION OF TRANSDUCERS
The transducers can be classified as:
I.
II.
III.
IV.
V.

Active and passive transducers.
Analog and digital transducers.
On the basis of transduction principle used.
Primary and secondary transducer
Transducers and inverse transducers.

ACTIVE AND PASSIVE TRANSDUCERS
• Active transducers :
• These transducers do not need any external source of power
for their operation. Therefore they are also called as self
generating type transducers.
I.

The active transducer are self generating devices which
operate under the energy conversion principle.

II. As the output of active transducers we get an equivalent
electrical output signal e.g. temperature or strain to electric
potential, without any external source of energy being used.

Piezoelectric Transducer

CLASSIFICATION OF ACTIVE TRANSDUCERS

ACTIVE AND PASSIVE TRANSDUCERS
• Passive Transducers :
I.

These transducers need external source
of power for their operation. So they are
not self generating type transducers.

II. A DC power supply or an audio
frequency generator is used as an
external power source.
III. These transducers produce the output
signal in the form of variation in
resistance, capacitance, inductance or
some other electrical parameter in
response to the quantity to be measured.

CLASSIFICATION OF PASSIVE
TRANSDUCERS

PRIMARY AND SECONDARY
TRANSDUCERS
• Some

transducers contain the mechanical as well as electrical
device. The mechanical device converts the physical quantity
to be measured into a mechanical signal. Such mechanical
device are called as the primary transducers, because they deal
with the physical quantity to be measured.
•The electrical device then convert this mechanical signal into
a corresponding electrical signal. Such electrical device are
known as secondary transducers.

CONTD
•Ref fig in which the diaphragm act as primary
transducer. It convert pressure (the quantity to be
measured) into displacement(the mechanical signal).
•The displacement is then converted into change in
resistance using strain gauge. Hence strain gauge acts as
the secondary transducer.

CLASSIFICATION OF TRANSDUCERS
According to Transduction Principle

CLASSIFICATION OF TRANSDUCERS
According to Transduction Principle
CAPACITIVE TRANSDUCER:
•In capacitive transduction transducers the measurand is converted to
a change in the capacitance.
• A typical capacitor is comprised of two parallel plates of
d
conducting material separated by an electrical insulating material
called a dielectric. The plates and the dielectric may be either
flattened or rolled.
Area=A
• The purpose of the dielectric is to help the two parallel plates
maintain their stored electrical charges.
• The relationship between the capacitance and the size of capacitor
plate, amount of plate separation, and the dielectric is given by
C = ε0 εr A / d
Either A, d or ε can be varied.
d is the separation distance of plates (m)
C is the capacitance (F, Farad)
ε0 : absolute permittivity of vacuum
εr : relative permittivity
A is the effective (overlapping) area of capacitor plates (m2)

CLASSIFICATION OF TRANSDUCERS
According to Transduction Principle
ELECTROMAGNETIC TRANSDUCTION:
•In electromagnetic transduction, the measurand is
converted to voltage induced in conductor by change in
the magnetic flux, in absence of excitation.
•The electromagnetic transducer are self generating active
transducers
•The motion between a piece of magnet and an
electromagnet is responsible for the change in flux

Current induced in a coil.

CLASSIFICATION OF TRANSDUCERS
According to Transduction Principle
INDUCTIVE TRANSDUCER:
•In inductive transduction, the measurand is converted
into a change in the self inductance of a single coil. It is
achieved by displacing the core of the coil that is
attached to a mechanical sensing element

CLASSIFICATION OF TRANSDUCERS
According to Transduction Principle
PIEZO ELECTRIC INDUCTION :
•In piezoelectric induction the measurand is converted
into a change in electrostatic charge q or voltage V
generated by crystals when mechanically it is stressed
as shown in fig.

CLASSIFICATION OF TRANSDUCERS
According to Transduction Principle
PHOTOVOLTAIC TRANSDUCTION :
•In photovoltaic transduction the measurand is
converted to voltage generated when the junction
between dissimilar material is illuminated as shown in
fig.

Physics of Photovoltaic Generation

n-type
semiconductor
+ + + + + + + + + + + + + + +
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Depletion Zone
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CLASSIFICATION OF TRANSDUCERS
According to Transduction Principle
PHOTO CONDUCTIVE TRANSDUCTION :
•In photoconductive transduction the measurand is
converted to change in resistance of semiconductor
material by the change in light incident on the material.

CLASSIFICATION OF TRANSDUCERS
Transducer and Inverse Transducer
TRANSDUCER:
•Transducers convert non electrical quantity to
electrical quantity.

INVERSE TRANSDUCER:
• Inverse transducers convert electrical quantity to a
non electrical quantity

PASSIVE TRANSDUCERS
• Resistive transducers :
– Resistive transducers are those transducers in which the
resistance change due to the change in some physical
phenomenon.
– The resistance of a metal conductor is expressed by a
simple equation.
– R = ρL/A
– Where R = resistance of conductor in Ω
L = length of conductor in m
A = cross sectional area of conductor in m2
ρ = resistivity of conductor material in Ω-m.

RESISTIVE TRANSDUCER
There are 4 type of resistive transducers.
1.
2.
3.
4.

Potentiometers (POT)
Strain gauge
Thermistors
Resistance thermometer

POTENTIOMETER
• The potentiometer are used for voltage division. They consist of a
resistive element provided with a sliding contact. The sliding contact
is called as wiper.
• The contact motion may be linear or rotational or combination of the
two. The combinational potentiometer have their resistive element in
helix form and are called helipots.
• Fig shows a linear pot and a rotary pot.

STRAIN GAUGE
• The strain gauge is a passive, resistive transducer which
converts the mechanical elongation and compression into a
resistance change.
• This change in resistance takes place due to variation in length
and cross sectional area of the gauge wire, when an external
force acts on it.

TYPES OF STRAIN GAUGE
•
1.
a)
b)
c)
2.

The type of strain gauge are as
Wire gauge
Unbonded
Bonded
Foil type
Semiconductor gauge

UNBONDED STRAIN GAUGE
• An unbonded meter strain gauge is shown in fig
• This gauge consist of a wire stretched between
two point in an insulating medium such as air.
The wires may be made of various copper, nickel,
crome nickle or nickle iron alloys.
• In fig the element is connected via a rod to
diaphragm which is used for sensing the pressure.
The wire are tensioned to avoid buckling when
they experience the compressive force.

• The unbounded meter wire gauges used almost exclusively in
transducer application employ preloaded resistance wire
connected in Wheatstone bridge as shown in fig.
• At initial preload the strain and resistance of the four arms are
nominally equal with the result the output voltage of the bridge
is equal to zero.
• Application of pressure produces a small displacement , the
displacement increases a tension in two wire and decreases it
in the other two thereby increase the resistance of two wire
which are in tension and decreasing the resistance of the
remaining two wire .
• This causes an unbalance of the bridge producing an output
voltage which is proportional to the input displacement and
hence to the applied pressure .

BONDED STRAIN GAUGE
• The bonded metal wire strain gauge are used for both stress
analysis and for construction of transducer.
• A resistance wire strain gauge consist of a grid of fine
resistance wire. The grid is cemented to carrier which may be
a thin sheet of paper bakelite or teflon.
• The wire is covered on top with a thin sheet of material so as
to prevent it from any mechanical demage.
• The carrier is bonded with an adhesive material to the
specimen which permit a good transfer of strain from carrier to
grid of wires.

BONDED METAL FOIL STRAIN GAUGE
• It consist of following parts:
1. Base (carrier) Materials: several types of base material are used to
support the wires. Impregnated paper is used for room temp. applications.
2. Adhesive: The adhesive acts as bonding materials. Like other bonding
operation, successful starain gauge bonding depends upon careful surface
preparation and use of the correct bonding agent.
In order that the strain be faithfully transferred on to the strain gauge, the
bond has to be formed between the surface to be strained and the plastic
backing material on which the gauge is mounted .
.

It is important that the adhesive should be suited to this
backing and adhesive material should be quick
drying type and also insensitive to moisture.
3. Leads: The leads should be of such materials which
have low and stable resistivity and also a low
resistance temperature coefficent

Contd.
• This class of strain gauge is only an extension of the
bonded metal wire strain gauges.
• The bonded metal wire starin gauge have been completely
superseded by bonded metal foil strain gauges.
• Metal foil strain gauge use identical material to wire
strain gauge and are used for most general purpose stress
analysis application and for many transducers.

SEMICONDUCTOR GAUGE
• Semiconductor gauge are used in application where a high gauge
factor is desired. A high gauge factor means relatively higher change
in resistance that can be measured with good accuracy.
• The resistance of the semiconductor gauge change as strain is
applied to it. The semiconductor gauge depends for their action upon
the piezo-resistive effect i.e. change in value of resistance due to
change in resistivity.
• Silicon and germanium are used as resistive material for
semiconductor gauges.

RESISTANCE THERMOMETER

• Resistance of metal increase with increases in
temperature. Therefore metals are said to have a
positive temperature coefficient of resistivity.
• Fig shows the simplest type of open wire construction
of platinum résistance thermometer. The platinum
wire is wound in the form of spirals on an insulating
material such as mica or ceramic.
• This assembly is then placed at the tip of probe
• This wire is in direct contact with the gas or liquid
whose temperature is to be measured.

• The resistance of the platinum wire changes with the
change in temperature of the gas or liquid
• This type of sensor have a positive temperature
coefficient of resistivity as they are made from metals
they are also known as resistance temperature
detector
• Resistance thermometer are generally of probe type
for immersion in medium whose temperature is to be
measured or controlled.

THERMISTOR
•Thermistor is a contraction of a term “thermal resistor”.
•Thermistor are temperature dependent resistors. They are
made of semiconductor material which have negative
temperature coefficient of resistivity i.e. their resistance
decreases with increase of temperature.
•Thermistor are widely used in application which involve
measurement in the range of 0-60º Thermistor are composed
of sintered mixture of metallic oxides such as magnese,
nickle, cobalt, copper, iron and uranium

Contd.
•The thermistor may be in the form of beads, rods and
discs.
•The thermistor provide a large change in resistance for
small change in temperature. In some cases the
resistance of themistor at room temperature may
decreases as much as 6% for each 1ºC rise in
temperature.

Thermocouples
See beck Effect
When a pair of dissimilar metals are joined at one end, and there is a
temperature difference between the joined ends and the open ends,
thermal emf is generated, which can be measured in the open ends.
This forms the basis of thermocouples.

VARIABLE-INDUCTANCE
TRANSDUCERS
• An

inductive electromechanical
transducer is a transducer which converts
the physical motion into the change in
inductance.
• Inductive transducers are mainly used
for displacement measurement.

• The inductive transducers are of the self generating
or the passive type. The self generating inductive
transducers use the basic generator principle i.e. the
motion between a conductor and magnetic field
induces a voltage in the conductor.
• The variable inductance transducers work on the
following principles.
• Variation in self inductance
• Variation in mutual inductance

PRINCIPLE OF VARIATION OF SELF
INDUCTANCE
• Let us consider an inductive transducer having
N turns and reluctance R. when current I is
passed through the transducer, the flux
produced is
•
Φ = Ni / R
• Differentiating w.r.t. to t,
• dΦ/dt = N/R * di/dt
• The e.m.f. induced in a coil is given by
• e = N * dΦ/dt

•
•
•
•
•
•
•

e = N * N/R * di/dt
e = N2 / R * di/dt
Self inductance is given by
L = e/di/dt = N2 / R
The reluctance of the magnetic circuit is R = Ɩ/μA
Therefore L = N2 / Ɩ/μA = N2 μA / Ɩ
From eqn we can see that the self inductance may
vary due to
i. Change in number of turns N
ii. Change in geometric configuration
iii. Change in permeability of magnetic circuit

CHANGE IN SELF INDUCTANCE WITH
CHANGE IN NUMBER OF TURNS N
•

•

From eqn we can see the output may vary with the
variation in the number of turns. As inductive
transducers are mainly used for displacement
measurement, with change in number of turns the
self inductance of the coil changes in-turn changing
the displacement
Fig shows transducers used for linear and angular
displacement fig a shows an air cored transducer for
the measurement of linear displacement and fig b
shows an iron cored transducer used for angular
displacement measurement.

CHANGE IN SELF INDUCTANCE WITH
CHANGE IN PERMEABILITY
• An inductive transducer that works on the principle of change
in self inductance of coil due to change in the permeability is
shown in fig
• As shown in fig the iron core is surrounded by a winding. If
the iron core is inside the winding then the permeability
increases otherwise permeability decreases. This cause the self
inductance of the coil to increase or decrease depending on the
permeability.
• The displacement can be measured using this transducer
Ferromagnetic
former
displacement

coil

VARIABLE RELUCTANCE INDUCTIVE
TRANSDUCER
• Fig shows a variable reluctance inductive transducer.
• As shown in fig the coil is wound on the ferromagnetic iron. The
target and core are not in direct contact with each other. They are
separated by an air gap.
• The displacement has to be measured is applied to the ferromagnetic
core
• The reluctance of the magnetic path is found by the size of the air
gap.
• The self inductance of coil is given by
• L = N2 / R = N2 / Ri + Ra
• N : number of turns
• R : reluctance of coil
• Ri : reluctance of iron path
• Ra : reluctance of air gap

CONTD.
•
•
•
•

The reluctance of iron path is negligible
L = N2 / Ra
Ra = la / μoA
Therefore L œ 1 / la i.e. self inductance of the coil is inversely
proportional to the air gap la.
• When the target is near the core, the length is small. Hence the
self inductance is large. But when the target is away from the
core, the length is large. So reluctance is also large. This result
in decrease in self inductance i.e. small self inductance.
• Thus inductance is function of the distance of the target from
the core. Displacement changes with the length of the air gap,
the self inductance is a function of the displacement.

PRINCIPLE OF CHANGE IN MUTUAL
INDUCTANCE
 Multiple coils are required for inductive transducers
that operate on the principle of change in mutual
inductance.
• The mutual inductance between two coils is given by
•
M = KsqrtL1L2
• Where M : mutual inductance
•
K : coefficient of coupling
•
L1:self inductance of coil 1
•
L2 : self inductance of coil 2
• By varying the self inductance or the coefficient of
coupling the mutual inductance can be varied

DIFFERENTIAL OUTPUT
TRANSDUCERS
• Usually the change in self inductance ΔL for
inductive transducers is insufficient for the detection
of stages of an instrumentation system.
• The differential arrangement comprises of a coil that
is divided in two parts as shown in fig a and b.
• In response to displacement, the inductance of one
part increases from L to L+ΔL while the inductance
of the other part decreases from L to L- ΔL. The
difference of two is measured so to get output 2 ΔL.
This will increase the sensitivity and minimize error.
• .

• Fig c shows an inductive transducer that provides
differential output. Due to variation in the reluctance,
the self inductance of the coil changes. This is the
principle of operation of differential output inductive
transducer

LINEAR VARIABLE DIFFERENTIAL
TRANSFORMER(LVDT)
• AN LVDT transducer
comprises a coil former on to
which three coils are wound.
• The primary coil is excited
with an AC current, the
secondary coils are wound
such that when a ferrite core
is in the central linear
position, an equal voltage is
induced in to each coil.
• The secondary are connected
in opposite so that in the
central position the outputs
of the secondary cancels
each other out.

LVDT contd…
• The excitation is applied to the primary
winding and the armature assists the
induction of current in to secondary
coils.
• When the core is exactly at the center
of the coil then the flux linked to both
the secondary winding will be equal.
Due to equal flux linkage the
secondary induced voltages (eo1 &
eo2) are equal but they have opposite
polarities. Output voltage eo is
therefore zero. This position is called
“null position”

• Now if the core is displaced from its null
position toward sec1 then flux linked to sec1
increases and flux linked to sec2 decreases.
Therefore eo1 > eo2 and the output voltage of
LVDT eo will be positive
• Similarly if the core is displaced toward sec2
then the eo2 > eo1 and the output voltage of
LVDT eo will be negative.

