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Voltage meas - requency measurement,
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Gravity Control ’ COW

Fig. 1 shows the gravity control system. At the zero position of

the pointer, the controlling torque is zero. This position is
shown as position A of the weight in the Fig. 2. if the system
deflects, the weight positions also changes, as shown in the
Fig.2The system deflects through an angle 6. The control
weight acts at a distance / from the center. The component
Wsin® of this weight tries to restore the pointer back to the zero
position. This is nothing but the controlling torque Te.

controlling torque Tc= Wsinb x /
= Ksin 0
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Fia.2
Sprin I
Two hair springs are attac(ﬁ@aovmg system which
exerts controlling torqu
The springs are made up of non-magnetic QJ like sﬂlcon
bronze, hard rolled silver copper, platinum silver a
For most of the instruments, phosphor bronze sptral are
Flat spiral springs are used in almost all indicating i mstruments

The inner of the spring is attached to the spindle while the outer
end is attached to a lever or arm which is actuated by a set of screw
mounted at the front of the instrument. So zero setting can be easily
done. The controlling torque provided by the instrument is directly
proportional to the angular deflection of the pointer.
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Low resistance — Less than 1 ohm , Example Armature

inding Resistance

esistance 1 to 1M Ohm , Example Shunt field winding

L 4

High Resi stancmaﬂggmmple Insulation Resistance
The principle of operation of all pot@ ased on the

circuit of figure, which shows the schematic : f‘t‘basic
L
slide wire potentiometer. With switch S in the operate pos

the galvanometer key K open, the battery supplies the working
current through the s-lide wire and the rheostat. We can vary the
current by adjusting rheostat. The method of measuring the
unknown voltage E depends upon finding the positioh of slide wire
such that galvanometer shows zero deflection. It means unknown
voltage E equals to the voltage drop E1 across the portion ac of the
slide wire. The slide wire has the uniform cross-sectioﬁ and hence it
has uniform resistance along its length. Slide wire consists of cm

scale along its length. Since the resistance of the slide wire is known

éccurately, the voltage drop along the slide wire can be controlled

2%3

1%6 .
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marked as RYB as shown

by adjusting the value of working current. So knowing the value of
unknown voltage E and working current I, we can calculate

resistance using the formula R=V/I.

It works “or ‘f,- p. clple of induction motors. In this coils are

connected in star supply is given from three terminal

When supply is given the

coils produces the rotating magnetlc %se rotating magnetic '
aldmin .

fields produces eddy emf in the movable

aluminium disc, eddy currents interact with the rotating m

Ks shown in
the diagram. These eddy emf produces eddy
agneti

field due this a torque is produced which causes the light aluminum
disc to move. If the disc moves in the clockwise direction then chosen
sequence is RYB and if the direction of rotation is in anticlockwise

the sequence is reversed
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. The analog meters provide measurement in analog form
but digital meters in digital form.

. The output of Analog meters cannot be interfaced with
external equipment. The output of digital meters can be
interfaced with external equipment

. In case of Analog meters Construction is simple.But in
casé digital meters Construction is complicated

. The analog meters size is bigger but digital meters are
smaller,

. Analog metes does not require ADC converter but dioital '
meters required, :

. Analog meters are less accurate but digital meters are

more accurate. .
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Pmt and iewel

Balancing /’

Weight Mirror

moving coil and permanent magnet are the main part of the

ment. The parts of the PMMC instruments are
explained b

| m}?a?ﬂs

5 :
Moving Coil — The co @ ept carrying part of the instruments
which is freely moved betw ionary field of the permanent

magnet. The current passes throug 7'1' ﬂects it due to which
the magnitude of the current or voltage‘i ﬁ d. The coil is
mounted on the rectangular former which s ma

the air gap of the poles. The coil is wound with the silk co
wire between the poles of a magnet.

“Valummlum.
The former increases the radial and uniform magnetic”fiel ecn

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

3+5
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11
(i)

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.

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. |

Wen Damping

Arrangements of air friction damping are shown in fig. (a) and fig.
(b). In the arrangement shown in fig (a), a light aluminum piston is
attached to the spindle that carries the pointer and moves with a very
little clearance in a rectangular or circular air chamber closed at one
end.

The cushioning action of the air on the piston damps out any

tendency of the pointer to oscillate about the final deflected position.

15
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Fluid Friction Damping

I/ Instrument
0’_‘ D spindile

Tl | > Rotation

- - -
- - T -

Damping oil

-

In this method, discs or vanes attached to the spindle of the moving
system are kept immersed in a pot containing oil of high viscosity. As
the pointer moves, the friction between the oil and vanes opposes the

motion of the pointer and thus necessary damping is provided.

PMI\% ﬁ;ﬁng device. The current capacity of PMMC

is small. It is imﬁr ctic struct a PMMC coil, which can carry

a current greater than 100 re a shunt is required for

Rm = Internal resistance of movement (CO)Q @./J/

Rsh = Resistance of shunt in Q I CQ

/7?"'

measurement of large currents.

Im = Ifs = Full scale deflection current of movement in Ampere
Ish = Shunt current in Amperes

I = Current to be measured in Amperes

Since the shunt resistance is in parallel with the meter movement, the

voltage drop across shunt and movement must be same
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(i)

TaRy =1.R,

_L.R,
= f‘

I‘=I—I-
~. We can write R,:I-'-%_I )
I A
In R.lt
1 R
—_—ly—=
I. Rﬁ

li =m is known as ‘multiplying power’
of shunt
"/
Resistance of shunt R, = m—1)

1.Soft iron is used for Conductor coil is used

mechanism
2, Magfie , c Dynamic effect
3 Both AC &I DC Measurement only

4.Accurasy Less a?a b More
5.Scale is non uniform s uniform

6.Air friction damping w@l pmg

A ajznamometer type wattmeter essentially consists of Q/}?
called fixed coil and moving coil. The fixed coil is splitted into two
equal parts which are placed parallel to each other. The two fixed
coils are air-cored to avoid hysteresis effects when used on AC.
The fixed coil is connected in series with the load and carries the
circuit current. It is, therefore, called current coil. The moving coil is
pivoted between the two parts of the fixed coil and is mounted on the
spindle. A pointer is attached to the spindle which gives deflection.
The moving coil is connected in parallel with the load and carries the

current proportional to the voltage. It is, therefore, called potential

coil.

15
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(ii)

Generally, a high resistance is connected in series with the moving
coil to limit the current through it. By limiting the current, the
moving: coil is made of light weight which in turn increases the

sensitivity of the instrument.

&

<

Fixed Coil Fixed Coil

Moving Coil
Series Resistor

e~ Ll

Calibration can be done either by du‘cct ] tom loading.
In direct loading both the current and pressure co .JVT om the
same supply at rated voltage. Energy meters of high ra

tested by direct loading would involve large amount of power. Suc

meters are thus tested using phantom loading, wherein the pressure
coil is supplied from rated supply and current coil circuit from a

separate low voltage sup_ply

Indicated energy for 1 impulse of energy meter (IR)

= 1/k x 60x60x1000
True Energy =Wxt
% error =( IR — TR)/100 '
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AC
sSupply Shunt
Magnet

Braking

~ Curréntcoil
(tess Tum )

The energy meter has four main parts. They are the

Driving System
Moving System

ing System

Registcring%{ﬁ - '
Driving System — Thegld@si the main component of the
1

driving system. It is the temporary ﬁch is excited by the
current flow through their coil. The core of t agnet is made
up of silicon steel lamination. The driving system Has tW(C
electromagnets. The upper one is called the shunt electro_magnet@?

the lower one is called series electromagnet.

Moving System — The moving system is the aluminium disc
mounted on the shaft of the alloy. The disc is placed in the air gap of
the two electromagnets. The eddy current is induced in the disc
because of the change of the magnetic field. This eddy current is cut
by the magnetic flux. The interaction of the flux and the disc induces
the deflecting torque.

Braking system — The permanent magnet is used for reducing the
rotation of the aluminium disc. The aluminium disc induces the eddy

current because of their rotation. The eddy current cut the magnetic

15
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