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CHAPTER NO. -01
MEASURING INSTRUMENTS

Learning Objective:

1.1 Define Accuracy, precision, Errors, Resolutions Sensitivity and tolerance.

1.2 Classification of measuring instruments.

1.3 Explain Deflecting, controlling and damping arrangements in indicating type of instruments.
1.4 Calibrations of instruments.

Measurement:
» Measurement is the act or the result of a quantitative comparison between a pre-determined
standard and unknown quantity.
Measurand:
» The physical quantity or the characteristics conditions which is the objective of measurement in
an instrumentation system is termed as measured, process variable or instrument variable.
Standard:
» ltis defined as something that is set up and established by an authority as a rule of measure
quantity.
Instrumentation:
» The technology of using instruments to measure and control the physical and chemical
properties of material is called Instrumentation. Measurement are always made by using an
instrument of some kind. Ex-Thermometer, stop watch, Weight measuring instruments etc.

1.1Define Accuracy, Precision, Errors, Resolutions Sensitivity and

Tolerance:

Performance Characteristics:
» The performances of a system are classified into two types.
1. Static Characteristic
2. Dynamic Characteristic
Static Characteristics:
» Static characteristic of an instrument are the characteristics which doesn’t vary with time.
Accuracy:
» ltis the closeness with which an instrument reading approaches the true value of the quantity
being measured.
Precision:
1. Itis the degree of exactness or which a system is designed.
2. It refers to the degree of arrangement within a group of measurements. It is usually expressed in
terms of the deviation in measurement.
Error:
» ltis defined as the difference between the based measured value and true value of the quantity
Resolution:
> Resolutions the least increment value of input or output that can be detected, caused or otherwise
discriminated by the measuring device. It is the smallest change in measurement variable to
which an instrument can response.




Sensitivity:
» Sensitivity can be defined as a ratio of a change output to the change input at steady state
condition. it is denoted as k.
Reproducibility:
> Reproducibility of an instrument is the closeness of the output for the same value of input.
Perfect reproducibility means that the instrument has no drift.
Dynamic characteristics:
» The Dynamic Characteristics are those which change within a period of time that is generally
very short in nature. There are 4 dynamic characteristics.
» Speed of response-It is the rapidity with which an instrument responds to the changes to in the
measurement quantity.
Fidelity-
» The degree to which an instrument indicates the measure variable without dynamic error.
Lag-
> Itis retardation or delay in the response an instrument to the changes in measurement.
Error-
> ltis defined as the difference between the based measured value and true value of the quantity
Tolerance:
» Itis the range of inaccuracy which can be tolerated by a measuring instrument.

1.2. Classification of Measuring Instrument:

Measuring
Instrument

Absolute Secondary
Instrument Instrument

Indicating Integrating Recording
Type Type Type

» Generally measuring instruments are classified into two categories. i.e. absolute instrument and
secondary instrument.

Absolute Measuring Instruments:

» These instruments give output in terms of physical constant of the instruments. Example-
Tangent galvanometer are absolute instruments.

Secondary Measuring Instruments:

» These instruments are constructed with the help of absolute instruments. Secondary instruments
are calibrated by comparison with absolute instruments. Again, secondary instruments are
classified as 3 types i.e., indicating type, recording type, integrating type.

Indicating:

> Indicate the quantity to be measured by means of a pointer which moves on a scale. Examples

are ammeter, voltmeter, wattmeter etc




Recording:

» Indicating instruments that continuously records the values of the measured variable on a chart
or dial. The recording is generally made by a pen on a graph paper which is rotated on a dice or
drum at a uniform speed. The amount of the quantity at any instant may be read from the traced
chart.

Integrating:

> Records the total quantity of the measured variable over a period of time. Eg: kilowatt-hour
(KWh) meter.

1.3. Explain Deflecting, controlling and damping arrangements in

indicating type of instruments:
» There are three types of torque seen in indicating instrument which are as following: -
1. Deflecting torque
2. Controlling torque
3. Damping torque
Deflecting Torque (Tg): -
> Deflecting torgue is the amount of Torque needed for the pointer to move from its zero position.
» For the ammeter to indicate a value of 1 ampere of current a torque or force is required which is
called deflecting torque and is proportional to current.
Controlling Torque (T,):
» The controlling torque is in opposite to the deflecting torque at a point where controlling torque
and deflecting torque is equal the pointer stops and show the measured value of the reading.
» The controlling torque is also used to bring the pointer to zero initial position if there is a no
deflecting torque.
Damping Torgue (T,):
» Damping torque is one which acts on the moving system of the instrument only when it is
moving and always opposes its motion.

1.4. Calibration of instruments:
Calibration is the documented comparison of the measurement device to be calibrated against a
traceable reference device. It has two objectives.
. To check the accuracy of instrument.
. To check traceability of the instrument

POSSIBLE SHORT TYPE QUESTIONS WITH ANSWER

1. Define accuracy & Precision. (W-18, S-05,13,19)
Ans: - Accuracy is the degree to which the result of a measurement, calculation, or specification
conforms to the correct value or a standard.

The precision of a measurement system is the degree to which repeated measurements under
unchanged conditions show the same results.

2. What is Resolution? (S-11,13,16,18, W-18)
Ans: - Resolution is the ability of the measurement system to detect and faithfully indicate small
changes in the characteristic of the measurement result.



https://en.wikipedia.org/wiki/Result

3. What is the difference between indicating type & integrating type instruments?
Ans: - The value of the electrical quantity is indicated by these instruments at the time when it is being
measured. Pointers moving over the scale give the indication in indication type instruments.
Ex: -Ammeters, Voltmeters and watt meters are the examples of these instruments.
The total amount of either electricity or electrical energy supplied over a period of time is measured by
integrating type instruments.
Ex: -Ampere hour meters, watt-hour meters, energy meters are the few examples of these instruments.

4. What is Deflecting torque? (S-15,18)
Ans: - The torque due to which pointer of a measuring instruments deflect from its zero position is
called deflecting torque.

5. What s Tolerance? (S-05,06,07,08)
Ans: - A tolerance is a positive or negative amount by which a designer may allow a manufactured item
to deviate from an ideal value.

6. Define sensitivity. (W-06,10,17,18)
Ans: -The smallest change that can be detected by a measuring instrument.

POSSIBLE LONG TYPE QUESTIONS:
1. Explain different types of damping system & State which type of damping is most efficient?

(S-11,13,19)

2. Classify various types of electrical measuring instruments & explain each term. (S-09)

3. State in brief the various parts torque & their arrangement in indicating type instrument?
(S-06,10)




CHAPTER:2

ANALOG AMMETERS AND VOLTMETERS

Learning Objectives:

2.1 Describe Construction, principle of operation, errors, ranges merits and demerits of:
2.1.1 Moving iron type instruments.

2.1.2 Permanent Magnet Moving coil type instruments.

2.1.3 Dynamometer type instruments

2.1.4 Rectifier type instruments

2.1.5 Induction type instruments

2.2  Extend the range of instruments by use of shunts and Multipliers.

2.3 Solve Numerical

2.1. Introduction:

Voltmeter and Ammeter are essential for voltage and current measurement. The ammeter has
low resistance so that when it connected in series with any circuit it doesn’t change the current value.
The voltmeter has high resistance and is so designed that when it connected parallel with the circuit for
measuring the voltage.

Types of Instruments used as ammeter and voltmeter:
1. Moving Iron type (Ml type)
2. Permanent Magnet Moving Coil (PMMC type)
Electro-dynamo type
Rectifier type
Electrostatic type
Induction type

2.1.1. Moving Iron Type (MI type) Instruments:

The most common type of ammeter and voltmeter used for laboratory or switchboard at power
frequency are the Ml type instruments. M1 type instruments are used for measurement for AC and DC
quantities. There are two type of MI type instruments

1. Attraction Type
2. Repulsion Type

Attraction Type Instruments-
» The instrument in which the iron plate attracts from the weaker field towards the stronger field
such type of instrument is known as the attraction type instrument.

Construction of Attraction Type Instrument —

The stationary coil of the attraction type instrument is flat and has a narrow opening. The
moving element is the flat disc of the iron core. The current flow through the stationary coil produced
the magnetic field which attracts the iron coil.

The iron vane deflects from the low magnetic field to the high magnetic field, and the strength
of the deflection is directly proportional to the magnitude of the current flow through it.

In short, we can say that the iron coil attracts towards in.

The attraction type instruments use spring, which provided the controlling torque. The deflection

of the coil is reduced by the piston which is attached to the moving coil.

o oA w
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Repulsion Type Instruments —

» The repulsion type instrument has two vanes or iron plates. One is fixed, and the other one is
movable. The vanes become magnetised when the current passes through the stationary coil and
the force of repulsion occur between them. Because of a repulsive force, the moving coil starts
moving away from the fixed vane

_j"’;_/l‘ﬂouing iron
N\ piece

| connected

-
A S -
— / to spindle

X Fixed
coil

» The spring provides the controlling torque. The air friction induces the damping torque, which
opposes the movement of the coil. The repulsion type instrument is a non-polarized instrument,
i.e., free from the direction of current passes through it. Thus, it is used for both AC and DC.

Torgue equation in Ml type Instruments:
Torque equation of moving iron instruments can be draw by energy relation.

_1.odL
Td.Te—ZI m
_1,5dL

Td_z de

where
Td = Deflection torque
6 = deflection and
L = coil inductance

Controlling Torque Tc is provided by controlling spring. Deflection torque is balanced by Controlling
torque Tc=K @
Where K = Control Spring constant Nm/rad.

T. = K8
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Where K=spring constant

Errors with both AC and DC:

» The following are the main errors in moving iron instruments, when these are used either on DC

or AC.

Error due to hysteresis:

> Because of hysteresis in the iron parts of the operating system, the readings are higher for

descending values but lower for ascending values. The hysteresis error is considerably reduced
by using mumetal or permalloy which have negligible hysteresis loss.

Error due to stray magnetic fields:

» Since the operating magnetic field of the moving iron instruments in comparatively weak,

therefore, stray fields (fields other than the operating magnetic field) affect these instruments
considerably. Thus, the stray fields cause serious errors. These errors can be minimized by using
an iron case or a thin iron shield over the working parts.

Error due to temperature:

» The effect of temperature change on moving iron instrument arises mainly from the temperature

coefficient of spring. With the change in temperature stiffness of the spring varies which causes
errors. However, for voltmeters, both the temperature coefficient of spring and temperature
coefficient of resistance of voltmeter circuit may balance each other.

Errors with AC only:

Error in moving iron instruments due to change in frequency:

» The change in frequency produces a change in impedance of the coil and change in magnitude

of eddy currents. The increase in impedance of the coil with the increase in frequency causes
serious errors in case of voltmeters only. However, this error can be eliminated by connecting a
condenser of suitable value in parallel with the swamp resistance 'r’ of the instrument. The
impedance of the whole circuit of the instrument becomes independent of frequency if C = L/r?,
where C is the capacitance of the condenser.

Advantages of Moving Iron Instruments:

The moving iron instruments are cheap, robust and simple in construction.
These instruments can be used on both AC and DC.

These instruments are reasonably accurate.

The moving iron instruments possess high operating torque.

. These instruments can withstand overloads momentarily.

Disadvantages of Moving lron Instruments:

1.

w

The scale of moving iron instrument is non-uniform; crowded at the beginning, therefore,
accurate readings are not possible at this end.

These instruments are not very sensitive.

Power consumption is quite high in the moving iron instruments.

Errors are introduced due to change in frequency in case of AC measurements.

9|Page
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2.1.2. Permanent Magnet Moving Coil (PMMC type) Instruments:

The instruments which use the permanent magnet for creating the stationary magnetic
field between which the coil moves is known as the permanent magnet moving coil or PMMC
instrument.

Construction of PMMC Instrument:

The moving coil and permanent magnet are the main part of the PMMC instrument.

Pivot and jewel
Bearing ‘\\.

Pointer
Spring ——» t—E—) “—’—l Sca' e

Balancing )
Weight Mirror

North Core South
\
Coil and Permanent
Former H Magnet

= - Pivot and jewel
Scale _—qwl \ Bearing

Radial

Field
N

Moving Coil —

The coil is the current carrying part of the instruments which is freely moved between the stationary
field of the permanent magnet. The current passes through the coil deflects it due to which the
magnitude of the current or voltage is determined.

The coil is mounted on the rectangular former which is made up of aluminium. The former
increases the radial and uniform magnetic field between the air gap of the poles. The coil is wound with
the silk cover copper wire between the poles of a magnet.

The coil is mounted on the rectangular former which is made up of aluminium. The former increases the
radial and uniform magnetic field between the air gap of the poles. The coil is wound with the silk cover
copper wire between the poles of a magnet.

Magnet System —

The PMMC instrument using the permanent magnet for creating the stationary magnets. The Alcomax
and Alnico material are used for creating the permanent magnet because this magnet has the high
coercive force (The coercive force changes the magnetisation property of the magnet). Also, the
magnet has high field intensities.

Control —

In PMMC instrument the controlling torque is because of the springs. The springs are made up of
phosphorous bronze and placed between the two jewel bearings. The spring also provides the path to the
lead current to flow in and out of the moving coil. The controlling torque is mainly because of the
suspension of the ribbon.
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Damping — The damping torque is used for keeping the movement of the coil in rest. This damping
torque is induced because of the movement of the aluminium core which is moving between the poles
of the permanent magnet.

Pointer & Scale — The pointer is linked with the moving coil. The pointer notices the deflection of
the coil, and the magnitude of their deviation is shown on the scale. The pointer is made of the
lightweight material, and hence it is easily deflected with the movement of the coil. Sometimes the
parallax error occurs in the instrument which is easily reduced by correctly aligning the blade of the
pointer.

Torgue Equation for PMMC Instrument:

The deflecting torque induces because of the movement of the coil. The deflecting torque is expressed
by the equation shown below.

T, = NBLd] — — — — — eql
Where,
N — Number of turns of coil
B — flux density in the air gap
L, d — the vertical and horizontal length of the side.
| — current through the coil.

G=NBLd————— eq2
The spring provides the restoring torque to the moving coil which is expressed as
T.=K8 ————— eq3
Where K = Spring constant.
For final deflection,
T.=T,
By substituting the value of equation (1) and (3) we get,
K6 = GI
GI
0= 7 ————— eq4
K
I==G————— eq5

The above equation shows that the deflection torque is directly proportional to the current passing
through the coil.
Error in PMMC Instruments:
Magnet — The heat and vibration reduce the lifespan of the permanent magnet. This treatment also
reduced the magnetism of the magnet. The magnetism is the property of the attraction or repulsion of
the magnet. The weakness of the magnet decreases the deflection of the coil.
Springs — The weakness of the spring increases the deflection of moving coil between the permanent
magnet. So, even for the small value of current, the coil shows large deflection. The spring gets
weakened because of the effect of the temperature. One degree rise in temperature reduces the 0.004
percent life of the spring.
Moving Coil — The error exists in the coil when their range is extended from the given limit by the
use of the shunt. The error occurs because of the change of the coil resistance on the shunt resistance.
This happens because the coil is made up of copper wire which has high shunt resistance and the shunt
wire made up of Manganin has low resistance.

To overcome from this error, the swamping resistance is placed in series with the moving
coil. The resistor which has low-temperature coefficient is known as the swamping resistance. The
swamping resistance reduces the effect of temperature on the moving coil.
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Advantages of PMMC Instruments:

The following are the advantages of the PMMC Instruments.

The scale of the PMMC instruments is correctly divided.

The power consumption of the devices is very less.

The PMMC instruments have high accuracy because of the high torque weight ratio.

The single device measures the different range of voltage and current. This can be done by the

use of multipliers and shunts.

5. The PMMC instruments use shelf shielding magnet which is useful for the aerospace
applications.

Disadvantages of PMMC Instruments:
The following are the disadvantages of the PMMC instruments.

1. The PMMC instruments are only used for the direct current. The alternating current varies with
the time. The rapid variation of the current varies the torque of the coil. But the pointer cannot
follow the fast reversal and the deflection of the torque. Thus, it cannot use for AC.

2. The cost of the PPMC instruments is much higher as compared to the moving coil instruments.

Uses:
These instruments are used for the measurement of DC current and voltage.

o e

2.1.3 Dynamometer type instruments:
» These instruments are the modified form of permanent magnet moving coils type instruments.
Principle of Dynamometer type instruments:
» These instruments are based on that principle the mechanical force exists between the current
carrying conductors.
Construction of Dynamometer type instruments:

A dynamometer type instrument as shown in fig essentially consists of a fixed coil and a moving
coil. The fixed coil is split into two equal parts which are placed close together and parallel to each
other. The moving coil is pivoted in between the two fixed coils.

The fixed and moving coils may be excited separately or they may be connected in series
depending upon the use to which the measurement is put. The moving coil is attached to the moving
system so that under the action of deflecting torque, the pointer moves over the scale.

Fixed Coil Fixed Coil
CYTYT Y LY Y Y
| ik
Y WY
Moving Coil |
E L V. load
l Series Resistor ‘g 1

The controlling torque is provided by two springs which also serve the additional purpose of
leading the current into and out of the moving coil. Air friction damping is provided in such
instruments.
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Working of Dynamometer type instruments:

When instrument is connected in the circuit, operating currents flow through the coils. Due to
this, mechanical force exists between the coils. The result is that the moving coil moves the pointer over
the scale. The pointer comes to rest at a position where deflecting torque is equal to the controlling
torque.

By reversing the current, the field due to fixed coils is reversed as well as the current in the
moving coil, so that the direction of deflecting torque remains unchanged. Therefore, such instruments
can be used for both d.c and a.c measurements
Deflecting torgue of Dynamometer type instruments:

Let

If = current through fixed coil

Im = current through moving coil

Since If = Im because the fixed and coils are in series,
T; =1?

Since the control is by springs, therefore,

controlling torque T is proportional to the angle of deflection

The pointer will come to rest at a position when Td = Tc

Advantages of Dynamometer type instruments:
1. These instruments can be used for both a.c and d.c measurements.
2. Such instruments are free from hysteresis and eddy current errors.

Disadvantages of Dynamometer type instruments:
1. Since torque / weight ratio is small, therefore, such instruments have frictional errors which
reduce sensitivity.
2. Scale is not uniform.
A good amount of screening of the instruments are required to avoid the effect of stray fields.
4. These instruments are costlier than types and, therefore, they are rarely used as ammeters and
voltmeters.

Uses:

1. These instruments are used for the measurement of DC and AC quantities.
2. Used in the operation of Wattmeter.

2.1.4 Rectifier type instruments:
The rectifying element converts the alternating current to the direct current which indicates by
the DC responsive meter. The PMMC uses as an indicating instrument.
Rectifier type Instrument are of two types:
1. Half wave Rectifier
2. Full wave Rectifier

w

Full Wave
Rectifier bridge
O
Input Rs
Alternating ,\M
Current voltage
— Multiplier

Resistance \+

o '\Diode </D' KME

nstruments
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Half wave Rectifier:

N
N Input wavefarm !
72N R
Diode i/ \
RS 0 i %I I‘ _—
| -
g A v ' | ?1-.\ ,.“IFE .!\ f'll
Multiplier N/ N4
PMMC V- P T Glipi maverain oo
Input /) l=1mA N /N s
— Rm=3000hm | " { | o
V=V2 X Sinwt | | | '
0

The rectifying element converts the AC voltage into unidirectional DC voltage. Thus, the
rectified output voltage obtains through the rectify instrument. The PMMC instrument deflects through

the average value of current which depends on the average voltage of the apparatus.
n

1
Vo = 1 Vi sinwd (wt) = EVm
0

V,, = 0.318V,
V,, = 0.318 X V2V

Full wave Rectifier:

W
A Input waveform
Multiplier L R L b
; - \\ ' 1 // S !
Resistance / \ L/ \ !
Full Wave \! v :
s \ i I
% AN Rectifier bridge ' \ f \',-
Rs o I i ’l f \ at
{ |
Input J' , H'J
Alternating f \ E\\ /
Current voltage O: e ,/f ; PN
—_— Vin _/‘\u‘rp/«l\ ‘_e_c_"iff‘_y__\_\___i_ _____
V =V, sinwt ) / \\ v/ \\\ e N
( / PMMC _l‘,-' _________ \4\ _I‘.' _________ E‘ :”."i ________ Ell'f: ..... Waverage
o \” _/Instruments ' ‘r Y \
0 ! ' e 0

The DC voltage applied to the circuit causes the full-scale deflection of the PMMC meter. The
sinusoidal voltage applies to the meter express as

s
1
Vo = ;j V, sinwt d(wt) =
0
V,, = 0.636V,
V,, = 0.9V

Vin

SR

Advantages of Rectifying Instrument:
1. The frequency range of the instruments increases from 20HZ to high-frequency range.
2. The current operating range for such type of instrument is much lower for voltmeter as
compared to the other AC instrument.
3. The instrument has uniform scales for the large range.
4. The accuracy of the instrument is £5 percent when it is in normal operating condition.
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Applications of Rectifying Instrument:
1. The instrument uses for measuring the voltage whose range lies between 50 — 250 V.
2. It uses as a milliammeter or micro-ammeter.
3. The rectifying instrument use in the communication circuit for measurement.

2.1.5 Induction type instruments:

In all induction meters two fluxes which are produced by two different alternating currents on a
metallic disc. Due to alternating fluxes there is an induced emf, the emf produced at one point interacts
with the alternating current of the other side resulting in the production of torque.

The emf produced at the point two interacts with the alternating current at point one, resulting in
the production of torque again but in opposite direction. Hence due to these two torques which are in
different directions, the metallic disc moves.

Torque Equation:
Let us take flux produced at point one be equal to F; and the flux and at point two be equal to F,. Now
the instantaneous values of these two fluxes can written as:
F, = Fppq Sin wt
Fyo = Fpp sin(wt — B)
Where, Fm1 and Fry, are respectively the maximum values of fluxes F; and F,, B is phase difference
between two fluxes. We can also write the expression for induced emf’s at point one be

__aF)
7 4t

__d®)
2T dt

Thus, we have the expression for eddy currents at point one is

E
11 = E =K X f X Fl
Where, K is some constant and f is frequency. the expression for deflecting torque as
Tsg1 =K XF,xXI; Xcos(90—B+A) =K XF; XF, xgcos(90—B+A)

Similarly, the expression for Ty, is,

The total torque is Tq1 — Tg2, On substituting the the value of T4, and T4, and simplifying the expression
we get

Ty =Ty =K X F; XF, xgsinBcosA

Which is known as the general expression for the deflecting torque in the induction type meters
2.2. Extend the range of instruments by use of shunts and Multiplier

Extension of Range of Ammeter by Shunt
1. Itis possible to extend the range of an ammeter by using a shunt. A shunt is a low-value
resistance having minimum temperature co-efficient and is connected in parallel with
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the ammeter whose range is to be extended. The combination is connected in series with the
circuit whose current is to be measured.

2. This shunt provides a bypath for extra current because it is connected across (i.e., in parallel
with) the instrument.

3. These shunted instruments can be used to measure currents many times greater than their normal
full-scale deflection current

4. The ratio of maximum current (with shunt) to the full-scale deflection current (without shunt) is
known as the ‘multiplying power’ or ‘multiplying factor’ of the shunt.

Example: A moving coil ammeter reading up to 1 ampere has a resistance of 0.02 ohm. How could
this instrument be adopted to read current up to 100 amperes.

Solution: In this case,

Full-scale deflection current of the ammeter, Im=1A
Line current to be measured, | = 100 A

Resistance of ammeter, Rm = 0.02 ohm

Let, the required shunt resistance = S

=100 A | =1A Rm-=0.020hm

e ()
N

Ammeter

S

AMWN———

As seen from Figure, the voltage across the instrument coil and the shunt resistance is the same since
both are joined in parallel.

Ly X Ry =S x I =SU — I,

1x0.02  0.02

= = = 0.000202
(100—1) 99

Extension of Range of Voltmeter by Multipliers
1. Multipliers are used for the range extension of voltmeters. The multiplier is a non-inductive
high-value resistance connected in series with the instrument whose range is to be extended.
2. The combination is connected across the circuit whose voltage is to be measured.

Example: A moving coil voltmeter reading up to 20 mV has a resistance of 2 ohms. How this
instrument can be adopted to read voltage up to 300 volts.

Solution: In this case,
Voltmeter resistance, Ry =2 ohm
Full-scale voltage of the voltmeter, V =R, X I,,, =20mV =0.02 V
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Full-scale deflection current, I, = RL Xl =0'2£ =0.01A
Voltage to be measured, V =300V
Let the series resistance required =R

Then as seen from figure, the voltage drop across Ris V —v

Rxl,=V—-v

V-v

R =—

Im
300-0.02

0.01

= 29998 ohms

R =
~299.98
T 0.01

Ir‘n=0'01A

Voltmeter

V=300V

4

Advantages:
1. They are inexpensive as compared to moving iron type instruments.
2. They have high torque is to weight ratio as compared to other instruments.
3. They retain their accuracy over wide range of temperature as well as loads.

POSSIBLE SHORT TYPE QUESTIONS WITH ANSWERS
1.How can you extend the range of an ammeter? (S-19,14)

Ans-The range of an ammeter is extended by adding a shunt resistance of very low value across the
meter.

2.How can you can measure both ac and dc quantities? (S-19)
Ans-Ac and DC quantities can be measured by using MI type instruments.

3.What are the advantages of PMMC type instrument? (S-19)
Ans- The following are the advantages of the PMMC Instruments.
1. The scale of the PMMC instruments is correctly divided.
2. The power consumption of the devices is very less.
3. The PMMC instruments have high accuracy because of the high torque weight ratio.
4. The single device measures the different range of voltage and current. This can be done by the
use of multipliers and shunts.
5. The PMMC instruments use shelf shielding magnet which is useful for the aerospace
applications.
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4.State the basic principle of a rectifier instrument? (S-14,08)
Ans-Basic principle of rectifier type instrument is that as it is connected to the secondary of the CTy, it
can measure the dc values of current of CT secondary.

5.Write the disadvantages of MI type instrument? (S-08)
Ans-The following are the advantages of Ml type instrument.
1. The scale of moving iron instrument is non-uniform; crowded at the beginning, therefore,
accurate readings are not possible at this end.
2. These instruments are not very sensitive.
Power consumption is quite high in the moving iron instruments.
4. Errors are introduced due to change in frequency in case of AC measurements.

w

6.Why the graduation of the scale of MI type instrument is not uniform? (S-08)

Ans-The graduation of the scale of MI moving iron instruments are not uniform throughout because
these instruments are used for both AC and DC. For dc the scale is uniform but for ac the scale is not
uniform.

POSSIBLE LONG TYPE QUESTIONS
1.Explain with neat diagram the operating principle of PMMC instrument? (S-18,16,14)

2.Explain clamp on ammeter. (W-18)

3.With a neat sketch explain the operating principle of Ml type instrument. (S-19)

18| Page




CHAPTER NO.-03
WATTMETERS AND MEASUREMENT OF POWER

Learning Objective:

3.1Describe Construction, principle of working of Dynamometer type wattmeter.
(LPF and UPF type)

3.2The Errors in Dynamometer type wattmeter and methods of their correction.
3.3Discuss Induction type watt meters.

3.1Describe Construction, principle of working of Dynamometer type

wattmeter. (LPF and UPF type)

Dynamometer type wattmeter:

» A dynamometer type wattmeter is basically a moving coil instrument. A wattmeter in which

fixed coils produce the operating field is known as a dynamometer type wattmeter.
Dynamometer Type Wattmeter Working Principle:

> In these wattmeter’s, the field produced by the current-carrying moving coil tries to come in line
with the field produced by the current-carrying fixed coil, and a deflecting torque is exerted on
the moving system. As a result, deflection takes place in the pointer.

Construction of Dynamometer Type Wattmeter:

» A dynamometer type wattmeter primarily consists of two coils called fixed coil and moving coil.
The fixed coil is splitted into two equal parts, which are placed parallel to each other.

» The fixed coil is connected in series with the load and carries the circuit current. It is, therefore,
called the current coil. Since current coils carry full load current, so these are made up of thick
wire and current flow through them is high, so few turns are sufficient to produce the desired
magnetic field.

Fixed Coil
YT

|

\'A Load

YNTY Y

Moving Coil |

Series Resistor ‘g

» A high resistance is connected in series with the moving coil to limit the current through it. The
springs provide the controlling torque. Air friction damping is employed in this type of
instruments.

» Its current coil is connected in series with the load, carries the load current, and the potential
coil, connected in parallel with the load.

Dynamometer Type Wattmeter Working:

» The fixed coil produces a field Fr,, and the moving coil creates a field F,. The field F; tries to
come in line with the main field Fn,, which provides a deflecting torque on the moving coil.
Thus, the pointer attached to the spindle of the moving coil deflects. This deflection is controlled
by the controlling torque produced by the springs.
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Advantages:
1. It can be used both on AC and DC circuits.
2. It has a uniform scale.
3. We can obtain a high degree of accuracy through careful design.

Disadvantages:
1. At low power factors, the inductance of the potential coil causes serious errors.
2. The reading of the instrument may be affected by stray fields acting on the moving coil. To
prevent it, magnetic shielding is provided by enclosing the instrument in an iron case.
LPF type wattmeter:
> A low power factor (LPF) wattmeter is an instrument used to measure power in low power
factor circuits. This type of wattmeter is employed for power measurement in circuits whose
power factor is less than 0.5.
UPF type wattmeter:
> Resistive circuits have unity power factor hence UPF wattmeter are used to measure power in
these circuits. As secondary side is short circuited the coil will be purely resistive in nature so
power factor will be unity. So UPF wattmeter is used in short circuit test of transformer.

Difference Between LPF and UPF Wattmeter:

LPF Wattmeter UPF Wattmeter
In the case of LPF wattmeter, the deflecting The error caused by pressure coil inductance is
torque is small even when the current and large.
pressure coils are fully energized (~+ Td « coso).
The pressure coil current is very high. The pressure coil current is small.
The error caused by pressure coil inductance is | The error caused by pressure coil inductance is
large. Zero.
The control torque is small. The control torque is large.
The resistance of the pressure coil circuit is The resistance of the pressure coil circuit is large
small.
In LPF wattmeter results are inaccurate. In UPF wattmeter results are accurate.

3.2The Errors in Dynamometer Type Wattmeter and Methods of Their

correction:
» The following are severe errors in this type of wattmeter:
Error due to potential coil inductance:

» The inductance of the potential coil is liable to cause an error in the reading of the wattmeter.
Because of this error, the wattmeter gives a high reading on the lagging power factor and low
reading on the leading power factor. The high non-inductive resistance connected in series with
the coil swamps the phasing effect of the potential coil inductance.

Error due to power loss in the potential coil or current coil:

» Another possible error in the indicated power may be due to some voltage drop in the current
coil or the current taken by the potential coil. We can overcome this defect by using an
additional compensating winding.

» This winding is connected in series with the potential coil and so placed that it produces a field
in the opposite direction to that of the current coils.
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Error due to eddy currents:

» The alternating field of fixed or current coil induces eddy currents in the solid metal parts which
set up their own magnetic field. This alters the magnitude and phase of the magnetic field,
causing deflection. Thus, an error is introduced in the instrument reading.

» To reduce this error, the solid metal parts are placed as far away as possible from the current
coil.

Error due to the stray magnetic field:

» The dynamometer type wattmeter has a relatively weak operating field; therefore, stray fields
affect the reading of this instrument considerably and cause serious errors. Hence, this type of
instrument must be shielded against stray magnetic fields try using iron cases or providing thin
iron shields over the working parts.

3.3. Discuss Induction Type Wattmeters:
» The induction type wattmeter is used to measure a.c power only.

Principle of Induction type wattmeter:

» The principle of operation of an induction wattmeter is same as that of induction ammeters and
voltmeters i.e., induction principle. However, it differs from induction ammeter or voltmeter in
so far that separate two coils are used to produce the rotating flux in place of one coil with phase
split arrangement.

Construction of Induction type wattmeter:

» It consists of two laminated electromagnets. One electromagnet, called shunt magnet is
connected across supply and carries current proportional to the applied voltage.

» The coil of this magnet is made highly inductive so that the current in it lags behind the supply
voltage by 90 degrees. The other electromagnet, called series magnet is connected in series with
supply and carries the load current. The coil of this magnet is made highly non inductive so that
the angle of lag or lead is determined fully by the load.

» A thin aluminium disc mounted on the spindle is placed in between the two magnets so that it
cuts the fluxes of both the magnets. The controlling torque is provided by spiral springs. The
damping is electromagnet and is usually provided by a permanent magnet embracing the
aluminium disc.

» Two or more closed copper rings, called shading rings are provide on the central limb of the
shunt magnet. By adjusting the position of these rings, the shunt magnet flux can be made to lag
behind supply voltage by exactly 90degrees.

Shunt or Copper shade
vollage;magnetl W /’ ring
= | s )
VY L |
' = ‘ Load
supsty T,

Alu_minium' ‘
disc Series

) magnel

1L
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Working of Induction type wattmeter:

When the wattmeter is connected in the circuit to measure a.c power, the shunt magnet carries
current proportional to the supply voltage and the series magnet carries the load current. The two fluxes
produced by the magnets induce eddy currents in the aluminium disc. The interaction between the
fluxes and eddy currents produces the deflecting torque on the disc, causing the pointer connected to the
moving system to move over the scal