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CHAPTER 3: ELECTROMECHANICAL INSTRUMENTS

(15th HOUR)

CLASSIFICATION OF INSTRUMENTS GENERALLY.

▪ Absolute instruments

▪ Secondary instruments

ABSOLUTE INSTRUMENTS

CLASSIFICATION OF INSTRUMENTS BASED ON THE WAY THEY REPRESENT

➢ Deflection type instruments: Here, the quantity to be measured produces an effect either in 
the form of a voltage or a current. This effect is then utilized to produce a torque that causes 
a mechanical deflection. With the help of a spring system, this torque is countered by a 
restoring torque that increases with the increase in deflection. When the torques involved 
achieves a state of equilibrium, the pointer comes to a stand still. Now by equating the 
torques involved in a mathematical equation, a relation can be obtained between the cause 
and the deflection in terms of device constants and thus the Instrument can be calibrated. 
Example of this type of system is the PMMC (Permanent Magnet Moving Coil) Instruments.

➢ Null type instruments: Here the quantity to be measured produces an effect that is 
compared with an already calibrated effect of another system. It is achieved with the help of 
a sensitive galvanometer that shows a deflection for any amount of difference between the 
effect to be measured and the already calibrated effect. By manual or automatic control, the 
calibrated effect is varied until it becomes equal to the effect produced by the measuring 
instrument. When such a state is reached, the galvanometer shows no deflection at all and 
quantity is successfully measured. Example of this system is the Wheatstone bridge used for 
the measurement of electrical resistance.



SECONDARY INSTRUMENTS

• Analog mode

• Digital mode

❑ Analog mode: Analog signal is a continuous signal which represents 
physical measurements.Waves are denoted by sine waves. It uses 
continuous range of values to represent information. Analog 
technology records waveforms as they are.

Example Human voice in air, analog electronic devices. 

❑ Digital mode: Digital signals are discrete time signals generated by 
digital modulation. Waves are denoted by square waves. It uses 
discrete or discontinuous values to represent information Samples 
analog waveforms into a limited set of numbers and records them.. 

Example: Computers, CDs, DVDs, and other digital electronic devices. 



❖ Electrical measuring  instruments may also be classified according to 
the kind of current that can be measured by them.Electrical
measuring instruments may be classified as instruments for :

(i) direct current (d.c.) 

(ii) alternating current (a.c.) 

(iii) both direct and alternating current instruments (d.c./a.c.), these 
instruments are appropriately called universal instruments.

❖ Analog instruments depend for their operation on one of the many 
effects produced by current and voltage and thus can be classified 
according to which of the effects is used for their working. 

Analog instruments are also classified as :

1.Indicating

2.Recording 

3.Integrating

16th hour



CLASSIFICATION BASED ON PRINCIPLES OF OPERATION:
As mentioned earlier secondary analog instruments may be classified according to the 
principle of operation they utilise. The effects they utilize are : 

(i) magnetic effect

(ii) heating effect

(iii) electrostatic effect

(iv) electromagnetic effect

(v) hall effect. 

The below table gives effects utilised by various types of instruments:

Effect Instruments 

Magnetic effect Ammeters,Voltmeters,wattmeters,integrating meters 

Heating effect Ammeters,Voltmeters,Wattmeters 

Electrostatic effect Voltmeters 

Induction effect A.C Ammeters,Voltmeters,Wattmeters,Energy meters 

Hall effect Flux meters,ammeters and Poynting vector wattmeter 

 



In order to ensure proper operation of indicating instruments, the following 
three torques are required: 
•Deflecting (or operating) torque.
•Controlling (or restoring) torque.
•Damping torque.

▪ Deflecting Torque:
One important requirement in indicating instruments is the arrangement for 
producing operating or deflecting torque (Td) when the instrument is 
connected in the circuit to measure the given electrical quantity. This is 
achieved by utilizing the various effects of electric current or voltage. The 
deflecting torque causes the moving system to move from its zero position. 
The actual method of producing the deflecting torque depends upon the type 
of instrument and shall be discussed while dealing with particular instruments.
▪ Controlling Torque: 
The controlling torque (Tc) opposes the deflecting torque and increases with 
the deflection of the moving system. The pointer comes to rest at a position 
where the two opposing torques are equal i.e. Td = Tc. . The controlling torque 
in indicating instruments may be provided by one of the following two 
methods:
(i)  Spring control.
(ii) Gravity control.



Spring control
17th hour
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➢ DAMPING TORQUE: 18th hour
A damping torque is produced by a damping or stopping force which acts on 
the moving system only when it is moving and always opposes its motion. Such 
a torque is necessary to bring the pointer to rest quickly. If there is no damping 
torque, then the pointer will keep moving to and fro about its final deflected 
position for some time before coming to rest, due to the inertia of the moving 
system.
This damping torque acts only when the pointer is in motion and always 
opposes the motion. The position of the pointer when stationary is, therefore, 
not affected by damping torque. The degree of damping decides the behavior 
of the moving system.
If the instrument is under-damped, the pointer will oscillate about the final 
position for some time before coming to rest. On the other hand, if the 
instrument is over damped, the pointer will become slow and lethargic.

However, if the degree of damping is adjusted to such a value that the pointer 
comes up to the correct reading quickly without oscillating about it, the 
instrument is said to be critically damped. The damping torque in indicating 
instruments can be provided by:
• Air friction damping.
• Fluid friction damping.
• Eddy current damping.
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Eddy current damping 19th hour
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DIFFERENT TYPES OF DAMPING SYSTEM CURVES GRAPHICALLY
The damping of a system can be described as being one of the following:
➢ Overdamped
The system returns (exponentially decays) to equilibrium without oscillating. If 
the damping torque is more than that required for critical damping,then the 
instrument is said to be overdamped.
➢ Critically damped
When the moving system moves rapidly but smoothly to its final steady 
position then it is said to be critically damped and  system returns to 
equilibrium as quickly as possible without oscillating.
➢ Underdamped
When the moving system oscillate about the final steady position with the 
decrease in amplitude and take some time before it comes to rest  is said to be 
under damped. The system oscillates (at reduced frequency compared to the 
undamped case) with the amplitude gradually decreasing to zero
➢ Undamped
The system oscillates at its natural resonant frequency without experiencing 
decay of its amplitude.For example, consider a door that uses a spring to close 
the door once open. This can lead to any of the above types of damping 
depending on the strength of the damping. If the door is undamped it will 
swing back and forth forever at a particular resonant frequency. 



20th hour
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Classification of Ammeters and Voltmeters

Types of Ammeters, Voltmeters are discussed in the below section:

Ammeters and voltmeters are classified as follows:

▪ Moving Coil

(a) Permanent magnet type

(b) Dynamometer type

▪ Moving Iron Type

(a) Attraction type

(b) Repulsion type

▪ Hot wire

▪ Electrodynamometer 

▪ Thermocouple

▪ Induction

▪ Electrostatic

▪ Rectifier



PERMANENT MAGNET MOVING COIL INSTRUMENT 
OR PMMC INSTRUMENT (21th hour)



CONSTRUCTION:

1)Stationary Part or Magnet 

2)Moving 

3)Control 

4)Damping 

5)Meter

WORKING:

When a current flow through the coil, it generates a magnetic field which is proportional to the 
current in case of an ammeter. The deflecting torque is produced by the electromagnetic action 
of the current in the coil and the magnetic field. When the torques are balanced the moving coil 
will stopped and its angular deflection represent the amount of electrical current to be 
measured against a fixed reference, called a scale. If the permanent magnet field is uniform and 
the spring linear, then the pointer deflection is also linear. The controlling torque is provided by 
two phosphorous bronze flat coiled helical springs. These springs serve as a flexible connection 
to the coil conductors. Damping is caused by the eddy current set up in the aluminum coil which 
prevents the oscillation of the coil.



APPLICATIONS: 22nd hour

The PMMC has a variety of uses onboard ship. It can be used as:

1)Ammeter:

When PMMC is used as an ammeter, except for a very small current range, the moving coil is 
connected across a suitable low resistance shunt, so that only small part of the main current 
flows through the coil. The shunt consists of a number of thin plates made up of alloy metal, 
which is usually magnetic and has a low temperature coefficient of resistance, fixed between 
two massive blocks of copper. A resistor of same alloy is also placed in series with the coil to 
reduce errors due to temperature variation. 

2)Voltmeter:

When PMMC is used as a voltmeter, the coil is connected in series with high resistance. Rest of 
the function is same as above. The same moving coil can be used as an ammeter or voltmeter 
with an interchange of above arrangement.

3)Galvanometer: 

Galvanometer is used to measure small value of current along with its direction and strength. It 
is mainly used onboard to detect and compare different circuits in a system.

4)Ohm Meter:

The ohm meter is used to measure resistance of the electric circuit by applying a voltage to a 
resistance with the help of battery. A galvanometer is used to determine the flow of current 
through the resistance. The galvanometer scale is marked in ohms and as the resistance varies, 
since the voltage is fixed, the current through the meter will also vary.



Advantages:
✓ The PMMC consumes less power and has great accuracy.
✓ It has uniformly divided scale and can cover arc of 270 degree.
✓ The PMMC has a high torque to weight ratio.
✓ It can be modified as ammeter or voltmeter with suitable 

resistance.
✓ It has efficient damping characteristics and is not affected by 

stray magnetic field.
✓ It produces no losses due to hysteresis.

Disadvantages:
• The moving coil instrument can only be used on D.C supply as 

the reversal of current produces reversal of torque on the coil.
• It’s very delicate and sometimes uses ac circuit with a rectifier.
• It’s costly as compared to moving coil iron instruments.
• It may show error due to loss of magnetism of permanent 

magnet.
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