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CLASS NOTES ON ELECTRICAL MEASUREMENTS & INSTRUMENTATION

MEASURING INSTRUMENTS

1.1 Definition of instruments
An instrument is a device in which we can determine the magnitude or value of the
quantity to be measured. The measuring quantity can be voltage, current, power and energy ele.

Generally instruments are classified in to two categories.

Instrument

Absolute l*mrument Secondary lns{rument

1.2 Absolute instrument

An absolute instrument determines the magnitude of the quantity to be measured in terms of the
instrument parameter. This instrument s really used, because cach time the value of the
measuring quantitics varics. So we have to calculate the magnitude of the measuring quantity,
analytically which is time consuming. These types of instruments are suitable for laboratory use.

Example: Tangent galvanometer.

1.3 Secondary instrument

This instrument determines the value of the quantity to be measured directly. Generally these
instruments are calibrated by comparing with another standard secondary instrument,
Examples of such instruments are voltmeter, ammeter and wattmeter etc. Practically

secondary instruments are suitable for measurement.

Secondary instruments
v
? ! v
Indicating instruments Recording Integrating Electromechanically

Indicating instruments
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1.3.1 Indicating instrument

This instrument uses a dial and pointer to determine the value of measuring quantity, The pointer
indication gives the magmtude of measunng quantity,

1.3.2 Recording instrument

This type of instruments records the magnitude of the quantity 10 be measured continuously over
4 specified period of time.

1.3.3 Integrating instrument

This type of instrument gives the total amount of the guantity to be measured over a specified
period of time.
1.3.4 Electromechanical indicating instrument

For satisfactory operation electromechanical indicating instrument, three forces are necessary.
They are

(&) Deflecting force

(b) Controlling force

(c)Damping force

1.4 Deflecting force

When there is no input signal to the instrument, the pointer will be at its zero position, To deflect
the pointer from its zero position, a force 18 necessary which 1s known as deflecting force. A
system which produces the deflecting force is known as a deflecting system. Generally a

deflecting system converts an electrical signal to a mechanical force.

Fig. 1.1 Pointer scale
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L4.1 Magnitude effect

When a current passes through the coil (Fig.1.2). it produces a imaginary bar magnet. When 2
soft-iron prece is brought near this corl 1t 1s magnetized. Depending upon the current direction
the poles are produced in such a way that there will be a force of attraction between the coil and

the soft iron piece. This principle 1s used in moving ron attraction type instrument,
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Fig. 12

If two soft iron pieces are place near a current carrying coil there will be a force of repulsion
hetween the two soft iron pieces. This principle is utilized in the moving iron repulsion type

mstrument,

1.4.2 Force between a permanent magnet and a current carrying coil
When o current carrying coil is placed under the influence of magnetic ficld produced by a
permanent magnet and a force is produced between them. This principle is wtilized in the moving

coil type instrument.

Fig. 1.3

1.4.3 Force between two current carrying coil

When two current carrying coils are placed closer to each other there will be a force of repulsion
between them, If onc coil is movable and other is fixed, the movable coil will move away from

the fixed one. This principle is utilized in electrodynamometer type instrument.



CLASS NOTES ON ELECTRICAL MEASUREMENTS & INSTRUMENTATION

Fig. 1.4

1.5 Controlling force

To make the measurement indicated by the pointer definite (constant) a foree is necessary which
will be acting in the opposite direction to the deflecting force, This force 15 known as controlling
force, A system which produces this force is known as a controlled system, When the extemnal
signal to be measured by the instrument is removed, the pointer should retumn back to the zero
position. This is possibly due 1o the controlling force and the pointer will be indicating a steady
value when the deflecting torque is equal to controlling torque.

7;:7: (1.1)

1.5.1 Spring control

Two springs are attached on either end of spindle (Fig. 1.5).The spindle is placed m jewelled
bearing, so that the frictional force between the pivot and spindle will be minimum, Two springs
are provided in opposite direction to compensate the temperature error, The spring is made of
phosphorous bronze.

When a current is supply, the pointer deflects due to rotation of the spindle. While spindle is
rotate, the spring attached with the spindle will oppose the movements of the pointer. The wrque
produced by the spring is directly proportional to the pointer deflection 8.

To =@ (1.2)

The deflecting torque produced Ty proportional 1o “I'. When7 =7, the pointer will come to &
steady position. Therefore
R (1.3)
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Fig. 1.5

Since, @and | are directly proportional to the scale of such instrument which uses spring
controlled is uniform.
1.6 Damping force

The deflection torque and controlling torque produced by systems are electro mechanical.
Due to mertia produced by this system, the pointer oscillates about 1t final steady position before
coming to rest. The time required to take the messurement is more. To damp out the oscillation
1s quickly, a damping force 1s necessary. This force is produced by different systems.

(a) Air friction damping

(h) Fluid friction damping

(¢) Eddy current damping
L.6.1 Air friction damping

The piston is mechanically connected to a spindle through the connecting rod (Fig, 1.6). The
pointer 15 fixed to the spindle moves over a calibrated dial. When the pointer oscillates in
clockwise direction, the piston goes inside and the cylinder gets compressed. The air pushes the
piston upwards and the pointer tends to move in anticlockwise direction.
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Fig. 1.6

If the pointer oscillates in anticlockwise direction the piston moves away we pressure of the
air inside cylinder gets reduced. The external pressure is more than tha ¢ intemnal pressure,
Therefore the piston moves down wards, The pointer tends o move in clock wise direction,

1.6.2 Eddy current damping

Fig 1.6 Disc type

An aluminum circular disc is fixed to the spindle (Fig. 1.6). This disc is made to move in the
magnetic ficld produced by a permanent magnet.
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When the disc oscillates it cuts the magnetic flux produced by damping magnet. An emf is
induced in the circular disc by faradays law. Eddy currents are established in the disc since it has
several closed paths. By Lenz's law, the cumrent carrying disc produced a force in a direction
opposite to oscillating force. The damping force can be vaned by varying the projection of the
magnet over the circular disc.
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Fig. 1.6 Rectangular type

1.7 Permanent Magnet Moving Coil (PMMC) instrument

One of the most accurate type of instrument used for D.C. measurements is PMMC instrument.
Construction: A permanent magnet is used in this type instrument. Aluminum former is
provided in the cyhndrical in between two poles of the permanent magnet (Fig, 1.7), Coils are
wound on the aluminum former which s connected with the spindie. This spindle is supported
with jeweled beanng. Two springs are attached on either end of the spindle. The terminals of the
moving coils are connected 1o the spring. Therefore the current flows through spring 1, moving

conl and spring 2.

Damping: Eddy current damping is used. This is produced by aluminum former,
Control: Spring control is used.
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Pri fo tion

When D.C, supply 1s given to the moving coil, D.C. current flows through it. When the current
carrying coil is kept in the magnetic field, it experiences a force. This force produces a torque
and the former rotates. The pointer is attached with the spindle. When the former rotates, the
pointer moves over the calibrated scale, When the polanty is reversed a torque is produced in the
opposite dircction, The mechanical stopper does not allow the dellection in the opposite
direction. Therefare the polarity should be maintained with PMMC instrument.

If A.C. 1s supplied, a reversing torque is produced. This cannot produce a continuous deflection.

Therefore this instrument cannot be used in A.C,

Torgue developed by PMMC

Let  T,=deflecting torque
T = controlling torque
#=angle of deflection

K=spring constant
b=width of the coil
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=height of the coil or length of coil
N=No. of fums

I=current

B=Flux density

A=area of the coil

The force produced in the coil is given by
F=RBIlLsn#

When =90
For N tums, F = NBIL
Torque produced Ty = Fx L, distance

1; = NBILxb = RINA

Td =8ANI

Tyl

Torque/weight is high

Power consumption is less

Scale is uniform

Damping is very effective

Since operating field is very strong, the effect of stray field is negligible
Range of instrument can be extended

Use only for D.C.
Cost is high
Error 1s produced due to ageing effect of PMMC

Friction and iemperature cmor arc present

(1.4)

(L.5)
(1.6)

(1.7)
(1.8
(1.9)



CLASS NOTES ON ELECTRICAL MEASUREMENTS & INSTRUMENTATION

1L7.1 Extension of range of PMMC instrument
Case-1: Shunt
A low shunt resistunce connected in parrel with the ammeter to extent the range of current, Large

current can be measured using low current rated ammeter by using a shunt.

Let R, =Resistance of meter
R, =Resistance of shunt
1, = Current through meter

Iy =current through shunt

I= current to be measure

LV =V (L10)
LRy =T Ry

(L11)

S
N

Apply KCL at ‘P* I =1, + 1 (1.12)

Eq"(1.12) + by 1,

2 oyl (1.13)

I'm I
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! R
__=|+._.A'. l."‘
’m Rm ( )
R
al=] 1+ .15
m[ Rxh] \ )

[1 + gﬂ] is called multiplication factor
h

Shunt resistance is made of manganin, This has least thermoelectric emf. The change is
resistance. due to change in temperature is negligible.

Case (I1): Multiplier

A large resistance is connected in series with voluneter is called multiplier (Fig. 1.9). A large
voltage can be measured using a voltmeter of small rating with a multiphier.

Let R, =resistance of meter
R, =resistance of multiplier
V. =Voltage across meter
V.= Voltage across series resistance

V= voltage to be measured

Lostl (1.16)

Vo Ve

——= (1.17)

Rm RJC

o Yo B (1.18)
Vm m
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Apply KVL, V=V, +V.. (119

Eq (1.19)+V,,

¥

LIPS P S5 1+¢] (1.20)

vm VJTJ |l. 'Hl'?l.-'

.~.v:;¢n[1+ﬁ-—“‘J (1.21
l‘EJ'FT

K
[I 3+ i] —+Multiplication factor
[l

L8 Maoving Iron (M1) instruments
Ome of the most accurate instrament used for both AC and DC measurement is moving iron
instrument. There are two types of moving iron msirument,

& Allraction Lype

&  Repulsion type
1.8.1 Attraction type MLL instrument
Construction: The moving iron fixed to the spindle 18 kept near the hollow fixed coil (Fig. 1107
The pointer and balance weight are attached (o the spindle, which 15 supported with jeweled
bearing. Here air friction damping is used,

Principle of operation
The current o be measured is passed through the fixed coil. As the current is flow through the

fixed col, @ magnete held s produced. By magnetc induction the moving ron gets magnetized,
The north pole of moving codl 15 attracted by the south pole of fixed coil. Thuas the deflecting
force 15 prodluced due to force of altraction. Since the moving iron 15 attached with the spindle,
the spindle rotates and the pointer moves over the calibrated scoale. But the force of attraction

depends on the current flowing through the coil,

Turgue developed by M1
Let * 87 be the deflection comesponding 1o a current of “i” amp

Let the current increases by di. the cormesponding deflection is * 8 + d@”
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Fig. 1,10

There is change in inductance since the position of moving iron change w.rt the fixed
electromagnets.

Let the new inductance value be ‘L+dL”, The current change by *di” is dt seconds,

Let the emf induced in the coil be *¢’ volt,

d di . dL
= (Liy=L5+i— 3
¢ dt( i) dt“m (1.22)
Multiplying by "idt’ in equation (1.22)
exidt = Lﬂxi:h +i-—d£‘-xidt (1.23)
dt dt
exidt = Lidi+i>dL (1.24)

Eq” (1.24) gives the energy is used in 1o two forms, Part of energy is stored in the inductance.
Remuining energy is converted in to mechanical energy which produces deflection.

e [(600)
L oot
R Rl -

£ o
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Change in energy stored=Final energy-initial encrgy stoned
1 .S T
=E:L+ﬂ|£.:ll:l+ﬂ|” —ELI'

=é (L +dLW +di® +2idiy - Li%)

- .'i{fu dL)G® + icki)— Li* )

= 110 4 2Lidi + 2dL+ dididL - Li%)

R
| o
=E{EL|£|’[+! alL}
R B
= Lidi + -Er dl (1.25)

Mechanical work to move the pointer by «#
=T,d@ (1.26)

By law of conservation of energy,
Electrical energy supplicd=Increase in stored energy+ mechanical work done.

Input energv= Energy stored + Mechanical energy

Lidi + i%dL = Lidi +12r'3d.f, FTd0 (127

I';

SPdL=Tyd6 (1.28)
|l

T=5i (1.29)

At steady state condition Ty =T

I =~ ol

e | e P, 1.30

2" ue ot
| il

Tty i) 1.31
K de (Al

o j* (1.3

When the instruments measure AC, &eo i’ .

Scale of the instrument is non wniform.
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Advantages
MI can be used in AC and DC

It is cheap
Supply is given to a fixed coil, not in moving coil,

Simple construction

N w e NN

Less friction error,
Disadvantages

vt suffers from eddy current and hysteresis error

¥ Scale is not uniform

v It consumed more power

v Calibration is different for AC and DC operation
1.8.2 Repulsion tvpe moving iron instrument
Construction: The repulsion type instrument has a hollow fixed iron attached to it (Fig. 1.12).
The moving iron i1s connected to the spindle. The pointer is also attached to the spindle in
supported with jeweled bearing,
Principle of operation: When the current flows through the coil, a magnetic field is produced by
it. So both fixed iron and moving iron are magnetized with the same polarity, since they are kept
in the same magnetic field. Similar poles of fixed and moving iron get repelled. Thus the
deflecting wigue is produced duc to magnetic repulsion. Since moving iron is atteched 10
spindle, the spindle will move. So that pointer moves over the calibrated scale.
Damping: Air friction damping is used to reduce the oscillation.

Control: Spring control is used.
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Fg. 1.12

1.9 Dynamometer (or) Electromagnetic moving coil instrument (EMMC)
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This instrument can be used for the measurement of voltage, current and power. The difference
between the PMMC and dynamometer type instrument is that the permanent magnet is replaced
by an clectromagnet.

Construction: A fixed coil is divided in 10 two equal half, The moving coil is placed between the
two ball’ of the fixed coil. Both the fixed and moving coils are air cored. So that the hysieresis
effect will be zero. The pointer is attached with the spindle. In 2 non metallic former the moving
coil is wounded,

Control: Spring control is used.

Damping: Air friction damping is used.

Principle of operation:

When the current flows through the fixed coil, it produced a magnetic field, whose flux density is
proportional to the current through the fixed coil. The moving coil is kept in between the fixed
coil. When the current passes through the moving coil, a magnetic field is produced by this coil.

The magnetic poles are produced in such a way that the torque produced on the moving coil
deflects the pointer over the calibrated scale. This instrument works on AC and DC. When AC
voltage is applied, alternating current flows through the fixed coil and moving coil, When the
current in the fixed coil reverses, the current in the moving coil also reverses. Torque remains in
the same direction. Since the current iy and i reverse simultancously. This is because the fixed

and moving coils are either connected in series or parallel.

Fig. 1.14
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Let

Ly=5elf inductance of fixed conl

L:= Self inductance of moving coil

M=mutual inductance between fixed coil and moving coil
iy -current through fixed coil

iz=current through moving coil

Total inductance of system,

Logpat = Ly + Lo +2IM (1.33)
But we know that in case of M.1
| - dlL)
F=si— 1.34
ol W
;-j,=";_f?j'1—am.+ig+zm (1.35)
The value of L; and Ly are independent of “& " but "M’ varies with &
|
o dM
T.|1' =|'?H‘1 []3-”
If the coils are not conneted i series f #6;
.. dM
Ty =i~ (1.38)
Tr=Fy (1.39)
o _ iy AM (1.40)
K d8

Hence the deflection of pointer is propomtional to the cument passing through fxed coil and

mving cail.
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1.9.1 Extension of EMMC instrument

Case-1 Ammeter connection

Fixed coil and moving coil are connected in parallel for ammeter connection. The coils are
designed such that the resistance of cach branch 1s same.

Therefore

Lh=hL=I

Fig. 1.15

To extend the range of current a shunt may be connected in parallel with the meter, The value
R, is designed such that equal current flows through moving coil and fixed coil.

dM
ATg=hiy—— 1.41
a=hi2—0 (1.41)
y dM
Or o Ty=12 22 1.42)
Tr=K8 (1.43)
1% am
= S ‘
X 48 (1.44)
Qe t? (Scale 1s not uniform) (1.45)

Case-11  Voltmeter connection

Fixed coil and moving coil are connected in series for voltmeter connection. A multiplier may be

connected in series 1o extent the mnge of valtmeter.
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Fig. 1.16
v, V
’|=,—'-,2=—2 (1.46)
2y 73
r‘,gl’Lngx:‘i“’; (LAD)
7, 7, dé
Td=K'VxK2deM (Ld®)
2, Zy do
KV: aMm
T;= X— 1.49
U ZZ; d e
Tye¥? (1.50)
~0=V? (Scalein not uniform) (1.51)

Case-111 As wattmeter

When the two coils are connected o paraliel, the instrument can be used as a watmeter, Fixed
coil is connected in series with the load. Moving coil is connected in parallel with the load. The
moving coil i1s known as voltage coil or pressure coil and fixed coil is known as current coil.
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Fig. 1.17



CLASS NOTES ON ELECTRICAL MEASUREMENTS & INSTRUMENTATION

Assume that the supply voltage is sinusoidal. If the impedance of the coil is neglected m
comparison with the resistance ‘R’ The current,

Vi SI0 WE

Ir= (1.52)
Let the phase difference between the currents | and | is ¢
Iy =1, sin(wt —¢) (1.53)
dM
Ty =hlz = 1.54
275 (1L54)
Vi, sinwi dM
Ty=1 o L e — 1.55
& =1, sin(wr —@)x R 76 ( )
I,= -;;(l V. sin ursmhw-—m)% (1.56)
7j,=%lmvwsmwl sin(we — é):—j:; (1.5T)
The average deflecting torque
| 0
Tdave =30 (j)r,, xd(wr) (1.58)
T) =-—l—2f 4 x 1V sinwesin{we — ¢)ﬂxd(ur) (1.59)
any m . R mom da
V.. ..
(1) =2x2an da[f{ww cos(2wr — o)klwr] (1.60)
VI ol
(n)m'zﬁ do[jcmm!wr _(cos{sz ¢)dm] (1.61)
T = Zﬁ; S [coso[..:ﬁ"] (1.62)
T Valn M [cos $(2TT~0)] 1.63
( A)uv. 4HRK—J_E COSN ) ( . )
3 lem ' dA’
g == > xkxﬁstﬁ (1.64)
Tt davg = Vims X Ly XCOS@X— : xgﬂ- (1.65)

R d8
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(T vy = KVIcosg (1.66)
T o< 8 (L6T)
&= KVIcosg ( 1.68)
oo V1 cos b { 1.64)
Advantages

¥ It can be wsed for voltmeter, ammeter and watimeter
¥ Hysteresis ermor is nill

v Eddy current error ig nill

+  Damping is effective

* It can be measure comrectively and accurately the rms value of the voltage

Disadvaniages

¥ Beale is not uniform
Power consumption is high{because of high resistance )
Cost 15 more

Error is prisluced due to frequency, temperature and stray field.

LR S B S

TorqueSweight is low, (Because field sirength is very low)

Errors in PMMC

¥ The permanent magnet produced emor due to ageing effect. By heat treatment, this emor
can be climinated,

¥ The spring produces error due to ageing effect. By heat treating the spring the emor can
be eliminated.

* When the temperature changes, the resistance of the coil vary and the spring also
produces error in deflection. This error can be minimized by wsing a spring whose
iemperature co-efficient is very low.

[ (1] Difference between attraction and repulsion type instrument

An atraction type imstrument will nsually have a lower inductance, compare (o repulsion type
instrument. But in other hamd. repulsion type instruments are more suitable for cconomical
production in manufacture and nearly uniform scale is more easily obtained, They are therefore

much meere comieen than attraction type,
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LI1T  Characteristics of meter
1.11.1 Full scale deflection current( / zg;) )

The cwrent required to bring the pointer to full-scale or extreme right side of the
instrument is called full scale deflection current. It must be as small as possible. Typical value 1s
hetween 2 i A 1o 30mA,

L.11.2 Resistance of the coil( R, )

This is ohmic resistance of the moving coil. It is due to 2, L and A. For an ammeter this should

be as small as possible.
L.1L.3 Sensitivity of the meter(S)
S= o (Qlvolt).T S = Z—I
£sD v

It is also called ohms/volt rating of the instrument. Larger the sensitivity of an instrument, more
accurate is the instrumeni. It is measured in Q/voll, When the sensitivity is high, the impedance
of meter is high. Hence it draws less current and loading affect is negligible, It is also defend as
one over full scale deflection current.

112 Error in M.1 instrument

1.12.1 Temperature error

Due to temperature variation, the resistance of the coil varies. This affects the deflection of the

instrument, The coil should be made of manganin, so that the resistance is almost constant.

1.12.2 Hysteresis error

Due 1o hysteresis affect the reading of the instrument will not be comect. When the current is
decreasing, the flux produced will not decrease suddeniy. Due to this the meter reads a higher
vadue of current. Similarly when the current increases the meter reads a lower value of current.
This produces error in deflection. This error can be eliminated using small iron parts with narrow

hysteresis loop so that the demagnetization takes place very quickly.

1.12.3 Eddy current error
The eddy currents induced in the moving iron affect the deflection. This error can be reduced by

increasing the resistance of the iron,
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1.12.4 Stray field error
Since the operating field is weak, the effect of stray field is more. Due 10 this, error is produced
in deflection. This can be eliminated by shielding the parts of the instrument.

1.12.5 Frequency error
When the frequency changes the reactance of the coil changes,

Z= (R +Rs)2 4+ X3 (1.70)

I=Z= ‘ E (L71)

2 J(Ry+RsP+X}

T
' ' ( /_LLg‘:}JC‘nu |‘
| el
"

Fig. 1,18

Deflection of moving iron voltmeter depends upon the current through the coil. Therefore.
deflection for a given voltage will be Jess at higher frequency than ar low frequency. A capacitor
is connected in parallel with multiplier resistance. The net reactance, ( X, — X ) 15 very small,
when compared 10 the series resistance, Thus the circuit impedance is made independent of
frequency. This is because of the circuil is almost resistive,
L
(Rs)z

C=04] (1.72)

1.13 Electrostatic instrument
In mulu cellular construction several vans and quadrants are provided. The voltage is o be
measured is applied between the vanes and quadrant. The force of attraction between the vanes
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and quadrant produces a deflecting torque. Controlling torque is produced by spring control. Air
friction damping is used.

The instrument is generally used for measuring medium and high voltage. The voltage is reduced
to low value by using capacitor potential divider. The force of attraction is proportional 10 the
square of the voluage.

— AL
Cpl‘l??‘( spef

N A

Fig. 1.19

) o Y /"'rf""h»' ‘J"F.:/

T b ic i
V=Voltage applicd between vane and quadrant
C=capacitance between vane and guadrant

Energy stored=-,1; cv? (1.73)

Let " &’ be the deflection comesponding 1o a voltage V.
Let the voltage increases by dv, the comesponding deflection is' @ + dé”
When the voltage is being increased, a capacitive current flows

._dg d(CV) dC dv
5 el B il T st Y —_— 1.74
i r - o +C o (1.74)

V x.dr multiply on both side of equation (1,74)
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A [
r 4 =Tl
! 2. m\—-r
+ F - /
A
T A
[
Fig. 1,20
vidt=2C v+ cv ¥y (175)
dt dr
Vidt = V2dC +CVdV (1.76)
Change in stored energy=-_l;f(.’+ dCXV +dV) - %CV2 (1.77)
= E[(C—nlC)V" +dv? +’VdV]- -CV‘
2 2 2 2 | s
=-2-[CV +CdV = +2CVIV 4 V dC+dCdV +2V(1VdC]--2-CV
L2
=;" dC"'WdV
V3C+ VY = %Vde+C‘VdV + Fxrdd (1.78)
dedv=-_l;V2dC (1.79)
Iy _vi["cJ (1.80)
2 lLae
At steady state condition, 7, =T
Imz-’-v![ic-) (1.81)
2 da
0‘_V°(dc) (1.82)
2Kk \de
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Advantages
It 15 used in both AC and DC.

There is no frequency error.
There is no hysteresis error,

o ol SRS R

There is no steay magnetic ficld crror. Because the instrument works on electrostatic
principle.
¥ It is used for high voltage
¥ Power consumption is negligible.
Disadvantages
v Scale is not uniform
v Large in size
v Cost is mare
L.14 Multi range Ammeter
When the switch is connected to position (1), the supplied current I,

:rl If 1”\—, -f—'ﬂn Tstn, Y Icha
- Tew
(AL Evhq

-

J
% & & Em

e
W

Fig. 1.21

iRy = LRy (1.83)

- ’mRm — ’mRm (184)
Lin) e

R
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s my 1 L
’"l
R I
» =2 == 1.85
i ma =1 . l" ( )
R 15
R = Ll 3 - ] -86
T L T PN
R I/
R = il 3 = 1.87
o T i TR L
1.15 Ayrion shunt
Ry = Ry ~ R (1.88)
Ry =Ry —Rypz (1.89)
Ry =Ry — Rypa (1.90)
Ry =Ry (1.91)

Fig. 1.22

Ayrton shunt is alse called universal shunt, Ayrton shunt has more sections of resistance, Taps

are brought out from various points of the resistor, The variable points in the ofp can be
connected to any position. Various meters require different types of shunts. The Aryton shunt is
used in the lab, so that any value of resistance between minimum and maximum specified can be

used. Tt eliminates the possibility of having the méter in the circuit without a shunt.



CLASS NOTES ON ELECTRICAL MEASUREMENTS & INSTRUMENTATION

1.16 Multi range D.C. voltmeter

R,] = Rm(ml ~1)
Ro =R, (my—1) (1.92)
R =Ry (my=1)
Vi Va Va
m =_;m2=—'m3=_ (l~93)
' Vm Vm vm

We can obtain different Voltage ranges by connecting different value of multiplier resistor in
series with the meter. The number of these resistors is equal to the number of ranges required.

1.17 Potential divider arrangement
The resistance Ry, B>, Ryand Ry is connected in series to obtained the ranges Vi, Vs.Vy and Vy
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LoAaD

Fig. 1.24

Consider for voltage V. (R + R ), =V

-~ R =""/L-Rm e “// —Ry =[_V‘L)Rm"km

" { !"...)
m

R| = (M| - |)Rm

For Vi (Ry+ Ky + Ry M =Vy = Ky g‘{l_k'_km

m
v,
Ry ===~ (m—1)R,,—R,,
Vm
&)
Ry =my Ry — Ry —(my =R,y
“ R, (my—=1=m+1)
Ry =(my — )R,
For Vs (R3 + Ry + Ry + Rm)lm =V;

R3 =¥l—'R: —R| -Rm

=-|‘;,2-Rm =(my =m )R, —(m =R, "R,"

m

=myR,, —(my —my )R, —(m —1}R,, - R,

Ry =(my—m)R,,

(1.94)

(1.95)

(1.96)

(1.97)

(1.98)
(1.99)
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For Vi (Ry+Ra+Ra+ R+ R M, =V

v
Ry == Ry =Ry =R =Ry,
M

¥
=[L';4 ]ﬂm —Apmiy — iy )Ry, — (g — 1y J Ry — (o =1} Ryy — Ry

(4]

E,*:Rm[m_i—m3+m2—m;__. -|-m|—m]+|—k1

Ry = {m-l- — }Rﬂl

Example: 1.1
A PMMC ammeter has the following specification

Coil dimension are lcmx lem. Spring constant is 0.15%10" N —mirad . Flux density is

152107 wir/m® . Determine the no. of turns required to produce a deflection of 90" when a current
2mA flows through the coil.

Solution:
At steady state condition T; =T
BANT = K¢

= J"'.f=E
BAI
A=lx10~4m?

k=155 -8 N_m

:
B=1Sx10 " wh/m*

l=2x107" A

8=00 =%m.-f

N=TH3 ans.
Example: 1.2
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The pointer of a moving coil instrument gives full scale deflection of 20mA. The potential
difference across the meter when carrying 20mA s 400mV.The instrument to be used is 200A
for full scale deflection. Find the shunt resistance required to achieve this, if the instrument to be
used as a voltmeter for full scale reading with 1000V, Find the series resistance to be connected
i?

Solution:

Case-1

V,, =400mV

1, =20mA

=200A

PR L
e

R \
1=1 [I+-—"L
" R.\'hJ

200 = 20x1073| 1 4 10-]
Ry

Ry =2%1070Q
Case-11
V=1000V

R

"m
-3 R,.
4000 =400x10 [l+—-—]
20
R, =49.98Q

Example: 1.3

A 150 v moving tron voltmeter is intended for SOHZ, has a resistance of 3KQ. Find the series
resistance required to extent the range of instrument to 300v. If the 300V instrument is used to
micasure a d.¢, volage of 200V, Find the voltage across the meter?

Solution:
R,, =3kQ.V,, =150V .V =300V
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Example: 1.4
What 15 the value of seres resistance to be used to extent (Mo 200V range of 20,0008} volt
visltmeter to O to 20080 volt?

Solution:
Ve, =V =V =1800

| |
20000 Seasitivity

ITpsp =

Vﬂ. ZRM. .‘-'{J:FSD = R.'re' = 35”51 ans:

Example: 1.5
A mowving coil instrument whose resistance 15 2560 gives o full scale deflection with a corrent of
ImA. This mstrument 15 to be used with & mangamin shunt, © extent its range o 100mA,
Calculate the error caused by a 10°C rise in temperature when:
{a) Copper moving coil is connected directly across the manganin shunt.
ib) A 75 ohm manganin resistance is used in series with the instrument moving coil.
The wemperature co-efficiem of copper is (L004/°C and that of manganin is 0.00015%C,
Solution:
Case-1
= 1mA

R, =250
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I=100mA
f=!,,,[|+-fqﬂ'-]
R.ﬂ'r
5 25
[Uﬂﬂl(H ]zr—ﬂ‘?!;'
=i i

¥
= ;% —0.25250)

Instrument resistance for 10°C rise in temperamre, R, = 251 +0.004%10)
R =R, (1+ g, xr)

R = 2660

sl =10

Shunt resistance for 10°C, rise in temperature

K o = [L25TH] + DO 15X 10) = 0. 252953

chy s )

Current through the meter for 100maA in the main circuil for 10°C rise in temperature

Ry
I= llnur[] ¥ a]pm'r_‘

n=1,|1+
"""( u.::izsr]

I'__ﬁ,h:m = (L903mA

But normal meater current=1ma
Error due to rise in temperature=((.963- 1 )*100=-3.7%

Cage-b A voltmeter

Total resistance in the meter circuit= B, + Ry =25+ T75=10001

Iy
f:fm['l +—mj
IF"':n'l

rm::[nﬁ]
R.'.'J'r
10

Ry = =1.010
1001




CLASS NOTES ON ELECTRICAL MEASUREMENTS & INSTRUMENTATION

Resistance of the instrument cireuit for 10°C rise in temperature
K =25(1 + 0,004 = 101+ T30 + 0013 = 10 = D01 £

"l"'||-|lr
Shunt resistance for 10'C rise in temperature
R =011 + 0N [5x 14) =1.0] 1 343

|:f|; el

I=I,,,[[+£—’:]
Lt

101.11

00 = it
ae Jr"‘['J'l.nlus]

Im|t = 10" =0.9905mA

Error =((0.9903- 1 y* 1 =-1.95%

Example: 1.6

The coil of a 600V M.1 meter has an indoctance of | henery. It gives correct reading at S0HZ and
requires 100mA. For its full scale deflection, what is % error in the meter when connected to
200V D.C. by comparing with 200V A.C?

Solution:
¥on = HiMv, I = HHmA
Case-1 AC.

Lim =1r"1-={1{ﬂ=ﬁ'|.ﬂ]]ﬂ
| S R

X; = 20HfL = 3140

R =y Zm™ — X7 =/(6000)% — (3147 = 59900

Tac =48 = 2 = 33.33mA
Case-11 D.C
v 0
I =—25 =200 _ 3330
R, 3990
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Emore 100~ 1€ 1 0p - 33393333 0 b 18
Fap 13,13

Example: 1.7

A 250V M1 voltmeler has coill resistance of 50061, coil inductance O 1.O4 H and series
resistance of 2kLE The meter reads correctively ar 2500 D.C. What will be the value of
capacitance 1o be used for shunting the series resistance to make the meter read correctly al
SOHZ? Whiat is the reading of voltmeter on A.C. withoul capacitance?

Solution: C=04] & 3
(Ryg1™
=UA1:L;1=IJ.1;:F
(2107

For AC Z=(R, +Rs ) + X2

Z = {500+ 200002 + (314)? = 25200
With D.C
Ruusat = 25000

For 250041 — 250V

2500
25(H

2a0
25200
2500

#2520 = 248V

Example: 1.5
The relationship between inductance of moving iron ammeter, the current and the position of

pointer is as follows:

Reading (A) 1.2 |.4 1.6 1.8
Deflection degree) 365 49.5 6l.5 T4.5
Inductance ( i ) 3752 576.5 577.8 578.8

Calculate the deflecting torque and the spring constant when the current 15 1.5AY
Solution:
For current I=1.5A, #=555 degree=0 96865 rad
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LT (s i =0.11uH {deg ree =06.3uH [ rad

do 60-49.5
Deflecting torque , T, -—12 ::g ;(l 51 x6.3x10°° =7.09%10 " N —m
Spring constant, K = /- M-')MQXIO“‘M
a 0.968 ' rad
e
T s e ™ 77 <B)
- Ik - -
.g Iy
4 13
5
-t f ——
6 1o 2 3'443)“ (= 7¢ §2 8=
= DS eedy py (Cologve)
Fig. 1.25
Example: 1.9

For a certain dynamometer ammeter the mutual inductance ‘M’ varies with deflection ¢ as

M =—6cos(@+4 30 ymH Find the deflecting torque produced by a direct current of 50mA
corresponding 1o a deflection of 60,

Solution:

dM aM
T,; hlzﬁ-’zﬁ

M =-6cos(@+30")

%“—;- — 6sin(@+30)mH

%—% g=t0= 63|n ) = 6mH !deg

Ty=1° ‘:M—g-(somo")’ x6x1073 =15x10"° N —m
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Example: 1.10
The inductance of a moving iron ammeter with a full scale deflection of 90° at 1.5A, is given by

the expressionl = 200+ 408 - 48° -—03,11!1 , where & 1s deflection in radian from the zero
position. Estimate the angular deflection of the pointer for a current of 1.OA.

Solution:
L =200+ 406 - 487 — ¢  uH

dL.
4 10=%

dl o | P § O 2
2_50:90. _40-8x—2-—3(?) HH | rad =200k | rad

| dL ]
=1
2K {da

L),
2

- = 40— 86— 36" uH | rad

1

(1.3)
K

%20%10°0

0 | -

K=Spring constant=14.32x10"" N —m / rad

For I=1A, . 0--—'—-1 (dL)
2K \dé

nf=tx Ol ga_2?)

2 14, vx m‘"
364 36.648° 40 =0
8 =1.008rad,57.8"
Example: 1.11
The inductance of a moving iron instrument is given by L=10+50-6° -03;111 , where @ 18
the deflection in radian from zere position. The spring constant is 12x 1076 N = m/ rad . Estimate

the deflection for a current of 5A.
Solution:
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dL =(5 _2o)ﬂ
do rad

- ! 2(.‘1_1.)
"2k \de
(5)%

! -6
= -(5 = 28)x10
2 12x1070

. 8=169rad 968

Example: 1.12

The following figure gives the relation between deflection and induc, ¢ of a moving iron
instrument,

Deflection (degree) 20 0 40 50 60 70 8 90

Inductance (uH ) 335 345 3555 3665 3765 385 3912 3965

Find the current and the torgue 1o give & deflection of () 30° (b) 8", Given that control spring

constani is 0.4x107% N - m/ deg ree
Solution:

I ,2fdL
T Ldo)

(a) For =30
The curve is linear

dL)  _3555-335

N — 10754 | deg ree =58.7uH | rad
[de]g=3(, 30-20 Dete SN
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Example: 113
In an electrostatic voltmeter the full scale deflection is obtained when the moving plate turns

through 90", The torsional constant is 10x10~* N — /e, The relation between the angle of
deflection and capacitance between the lixed and moving plates is given by
Deflection (degree) 0 10 20 30 40 50 60 70 80 90

Capacitance (PF) 814 121 I56 1892 220 246 272 294 316 334
Find the voltage applied to the instrument when the deflection is 90"

Solution:
]
" c\/ e

e
" .'
e ’
-
Y - P
| ~|./
«
‘v
[opoandentitl
I »
0
*
- ’ * -
-l - 4 i . V— > P
t .Y :, : ;',. g PN 5 it e 1%

- Dagtearam (). oot

Fig. 1.27
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E—mﬁ*:E:&@: L.BZPF /deg ree = 104.2PF f rad

e ab 11044

I—
Spring constant & =10x10° " =" — 1.1745% 10" 8 N - m / deg ree

ol

_ 1 afde L, _ [2K8
H“:xv [dﬁ']jv_ | dC
\ a0

|1 0. 1745 ICII_E'“ el
1—':\1 itk S i T Y

104.2x107"
Example: 1.14

Design & multl range d.c. mille ammeter using & basic movement with an internal resistance

R, =500 and a full scale deflection curent /,, =1md . The ranges required are 0= 10mA; (-50mA;

0= 100mA and 0-500mA.

Solution:
Case=1 - 10maA

Multiplying power mr = I{ = ..:.J =10
+ Shunt resistance R, = T W 5.550
m=1 10-=1
Case-I1 (-50mA
e $ ~50
K a0
Ria=—=—_=10302
2 m=1 50-1

Case-Ill 0-100mA. m =$ - 1000

Ry = i = (1.50662

m=1 100-=1
Case-IV U‘-5-ﬂ[!m.-"£..m=g=5mﬂ
s 50
Ryg=—0_= =018
4" m—1 500-1

Example: 1.15
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A moving coil volimeter with a resistance of 2062 gives a full scale deflection of 120", when a
potential difference of 100mY is applied across it The moving codl bhas dimension of
Hmm*25mm and 15 wounded with 100 tums, The contmol spring constant is
0375107 N ~m { deg ree. Find the thax density, in the air gap. Find also the diameter of copper

wire of coil winding if 30% of nstrument resistance is due to coil winding. The specific

resistance for copper=1.7x 107 £,

Sodution:

Data given

'r"'m = (e V'

R, =208

g=120

N=1{)

K=0375x107"N = m/ deg ree
R =30 afR,

p=1.7=107 " Qm

V "
:m=Ri=5x:u YA

T;=BANI.Te = K@=0375x107"" %120 = 45107 "N = m

_h
.+ - Al =0.12wh/m?

ANT  30%25x107% % 100%5% 107
Rp =03%20=60

Length of mean turn path =2{a+b) =2(55)=1 1 lhmm

T4

Re=N
o [m

_Nxpx(h) _100x17x107° x110x10~
R f

A
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=3.116x1075m?
=31.16%10"> mm>

A =-I-:-d2 =d =02mm

Example: 1.16
A moving coil instrument gives a full scale deflection of 10mA, when the potential difference
across i1s terminal is 100mV. Calculate

(1) The shunt resistance for a full scale deflection corresponding to 100A
(2) The resistance for full scale reading with 1000V,
Calculate the power dissipation in each case?

Solution:

Data given
1., =10mA
Vi = H0mV
I =100A

I= lm(l + —-R-m-)
Rsh

100 = wxm“’(l +£’-}
R.xlc

Ry =1001x107°Q

R, =70V =100V
R, =m0 _ 100
I 1

Vv =Vm[l +%—'—c}

m

1ooo=|oox10‘3(|+%)

“ R, =99.99KQ

Example: 1,17
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Design an Aryton shunt to provide an ammeter with current ranges of 1A 5A.10A and 20A. A
basic meter with an internal resistance of 50w and a full scale deflection current of ImA is to be
used.

Solution: Data given

ll=lA
-3 &
Ln=1x103A 12 =5A [ * 1,
Rp=500  [3=104L 1 _ 100004

143=204] ° Im
rl‘;:l—":ZOOOOA
lﬂl
. ... (.
oy =1 1000~
R 50
R = m_ - =0.012
2 =1 5000~
R 50
Ryy=—"2_= =().005
=1 100001 o
. .. N T

Tmg—1 20000-]
- The resistances of the various section of the umversal shunt are
Ry = Ry — Ry = 0.05-0.01 = 0.04Q
Ry = Ry = Rya = 0L01=0.005 = 0.0052
Ry = Ry — Ryyq = 0.005— 0,025 = 0.0025Q
Ry = R4 =0.0025Q

Example: 1.18

A basic d° Arsonval meter movement with an internal resistance R, =100Q and a full scale
current of 1, =lmA is 1o be converted in to a multi range d.c. voltmeter with ranges of 0-10V, 0-

S0V, 0-250V, 0-500V. Find the values of various resistances using the potential divider
arrangement,
Solution:

Data given
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m =—Y1-=——-l-9-—3=l00
R, = 1000 Ve 100x10
Im=lIM mzzp‘?—:—i:—=500
-3 . Y T
VM =lmx‘x‘0 v Vm lwxlo‘3
Vm =l(l)mV " V_". ._:.__.5_(_1)_, N
Vie 100x1073

Ry = (= T)R,, = (100 =1)x 100 = 990022

R2 =(M2 - IR, = (500 =100) x 100 =40KQ

Ry = (m3 = my )R, = (2500 = 500)x 100 = 200KQ
Ry =(mg —m3)R,, = (5000-2500)x100 = 250KQ
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AC BRIDGES
2.1 General form of A.C. bridge

AC bridge are similar to D.C. bridge in topology(way of connecting).It consists of four arm
AB.BC.CD and DA .Generally the impedance to be measured is connected between “A' and ‘B’
A detector is connected between ‘B and "D’ The detector 1s used as null deflection instrument
Some of the arms are variable element. By varying these elements, the potential values at *B” and
‘D’ can be made equal, This is called balancing of the bridge.

R b !

73 AL
N P

n 3 h/“nj"

"V vhro dion Gelina..

Fig. 2.1 General form of A.C. bridge
At the balance condition, the current through detector is zero,

ali=l3
iz=i4
I

s o A3 (2.1)
Ia Ia
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At balance condition,
Voltage drop across *AB '=vollage drop across “AD".

E1=£1
shiZy=1121
Similarly, Voltage drop across "BC =voltage drop across ‘DC

Ei=Ea

nA3Z3=14Z4

From Eqm. (2.2), we have - I—'=£
Iz Z

From Eqn. (2.3), we have . S

ls Z3

From equation -2_1, it can be seen that, equation -2.4 and equation-2.5 are equal.

Za_74
71 7
B IY T

Products of impedances of opposite arms are equal,
2|20 |24 20y =212 6, |25| 2 65

= &

|Z4|£ 8y + 6y = 22| <60 + 84
Z1)24|=|22] 23|

6 +6y =0y + 6y

(2.2)

(2.3

(2.4]
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= For balance condition, magniiude on either side must be equal.
= Angle on either side must be equal.

For halince condition,

. i|=f?-. lz2=14
o [ Zi|24]=|22|24]

o BB =86

s Ei=E7 5 £Ea= Fq.
2.2 Types of detector
The following types of instruments are used as detector in A.C. bridge.

* Vibration galvanometer
*  Head phones (speaker)
#  Tuoned amplificr

2.2.1 Vibration galvanometer
Between the point *B' and *D' a vibration galvanometer is connected to indicate the brndge
balance condition. This A.C. galvanometer which works on the principle of resonance. The

AC, palvanometer shows a dol, if the bridge is unbalanced.

2.1.2 Head phones
Two speakers are connected in parallel in this system. If the bridge is unbalanced, the

speaker produced more sound energy. If the bndge 15 balanced, the speaker do not pmduced

any seund energy.

2.2.3 Tuned amplifier

If the bridge is unbalanced the output of wned amplifier is high. 1f the bridge is balanced,
cutput of amplifier is zero.
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2.3 Measurements of inductance
2.3.1 Maxwell's inductance bridge

The choke for which R, and L, have to measure connected between the points ‘A’ and
‘B, In this method the unknown inductance s measured by comparing it with the standard

mductance,

Fig. 2.2 Maxwell's inductance bridge

L; is adjusted, until the detector indicates zero current.
Let Ry= unknown resistance

L= unknown inductance of the choke.

L= known standard inductance

R Ra Ri= known resistances.



CLASS NOTES ON ELECTRICAL MEASUREMENTS & INSTRUMENTATION | 2015
L 4 E = B £
Fig 2.3 Phasor diagram of Maxwell's inductance bridge
Al balance condition, 2| Za= 22 23
(Ry + JXI4)Rs =(Ry + jXI5 )Ry
(R + jWL| Ry = (Rg + j‘t’Lz JRy
RiRy + jwlyRy = RyRy + jwla Rs
Comparing real part,
RyRy = RaRs
T L (26)
Ry
Comparing the imaginary parts,
WL|R4 = WLQR3
Ly Ry

L =— 2.7

1 R, (2.7)

WL, WLR:Ry
fuctor of chok = =—a
- i Ry RyRaRy
WL,
= 28
Q R (2.8)

58
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Advantages

¥ Expression for Ry and L, are simple.

¥ Equations area simple

v They do not depend on the frequency (as w is cancelled)
¥ R, and L are independent of ¢ach other.

Disadvantages
v Variable inductor is costly:
¥ Variable inductor is bulky,
2.3.2 Maxwell's inductance capacitance bridge

Unknown inductance is measured by comparing it with standard capacitance, In this bridge.
balance condition 1s achieved by varying “Cy'.

Fig 2.4 Maxwell's inductance capacitance bridge
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At balance condition, Z;Zi=Z+Z> (2.9)
I
I i ij
Zy =Rl ——= ﬁ
ch“ RA < =
wCy
i .. (2.10)

FUUWRC 1 1+ jwRyCa

» Substituting the value of Zs from eqn. (2.10) in egn. (2.9) we get

Ry + jwly }X————=RsR
(Ry + jwly) T4 Gy ks

£,y= B

daman i ‘:V -3
% 2 — /
— /-//.‘ /
v S B=T
‘ilQn / e 3
Ir E By

Fig 2.5 Phasor diagram of Maxwell's inductance capacitance bridge
(R + jwlq )Ry = RyRy (14 jwR;Cy)
RyRy + jwLiRy = RyRy + jwC4R4Ry R
Comparing real parts,

KRy = Ry R3
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::u::rl:ﬁ'*ﬁ'jL (2.11)
Ry
Comparing imaginiry par,
I"I-'.L|Hq = |-'|-'U4H4R1H_1;
f.| = ﬂ;ﬂg R:; tl. i 1:'
O-factor of choke,
¥, .. O wx Oy By Ry = Ry
R, B R+ K
0 =wl,R, (2.13)
Advantages
v Equation of Ly and R, are simple.
¥ They are independent of frequency:
v They ure independent of each other.
v

Stamdard capacitor ix much smaller in size than standard mductor.
Disadvantages

Standard varable capacitance is costly.

¥ It can be used for measurements of Q-factor in the ranges of 1w [0,

¥ It cannotl be used for messurements of choke with Q-factors more than 10,
We know that Q =wC Ry

For measuring chokes with higher value of Q-factor, the value of Cy and Ry should be
higher, Higher values of standard resistance are very expensive, Therefore this bridge cannot be

used for higher value of Q-Tacior measurements.
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2.3.3 Hay's bridge

Fig 2.6 Hay’s bridge

» El=5LR+ jhX,
» E=E+Ea

> EgmlyRgt—

- E3 'I3R3

| I+ jwRC,
24 - R‘ Cr s = -
WGy mCy
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Fig 2.7 Phasor diagram of Hay's bridge

At balance condition, ZyZ=7/27%

(R + jwly )P RCa g Ry
JwCy

(Ry + JwLy)(1+ jwRsCyq)= JwR>C3Rs

Ry + jWCy Ry Ry + jwhy + j*w  LiCyRy = jwC4RoRy

(Ry =W LiC4Rs) + j(wC4RyRy +wly) = jwC4RaRy
Comparing the real term,

Ry —wLiC4Ry =0

Ry =w’LCsR, (2.14)
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Comparing the imaginary terms,

W“G4R4R| + !-1f'L| = WE;,RZR:;

CaRyiRy + 1y =CaRa Ry

Ly =CyR R —C Ry R (2.15)
Substituting the value of R fro eqn. 2.14 into egn. 2,15, we have,

Ly =CyRaRy =CyRy xw LTy Ry

Ly =CyRa Ry = LCy Ry

L= w?LCy Re™ 1= CyRy Ry

CyRa R
=< ._!.-_1_-%. — (2.16)
|+H‘2L;|l:-_1'fl'd'

Substituting the value of L) in egn. 2.14 | we have

WO Ry Ry Ry

EI
1+ wllf.'f R_lz

(2.1T)

_why _ wxCaRyRy L+ w2 Cy Ry
B 14+w'CPRZ WO RIRRy

1
‘::' g h"{‘.g 1‘34

(2.18)
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Advantages

¥ Fixed capucitor is cheaper than variable capacitor.
¥ This bridge is best suitable for measuring high value of Q-factor.

Disadvantages

v Equations of Lland R1 are complicated.
¥ Measurements of R; and L; require the value of frequency.
¥ This bridge cannot be used for measuring low Q- factor.

2.3.4 Owen’s bridge

— =

E

Fig 2.8 Owen's bridge

> £| =’|R‘+jI|X|
> Iyleads Eq by 90"
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> ii'=f2'|+ii'3
. I2
> Erx=0Ry+—
wC
1’21'1

17¥-

Fig 2.9 Phasor diagram of Owen’s bridge

Balanee condition, 21 734 = iz ig

WGy )
2 (R el ot U DB C Vs R

JwCy wCy
Co{Ry + jwLy) = RyCy(1+ jwR3Cy)
RyCs + jwlyCs = RyCy + JWRyCaR3Cy
Comparing real terms,

RyCy =R:Cy

— 511,
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_RiCy

L
Ca

Comparing imaginiry terms,

wilyCs = Wl B30y

l'q = Rzﬂﬂf-q_
WLy  wRaRC4C;
(- factor = =
L RyCy
Q = 'II.-'REI:':
Advantages

¥ Expression for Ry and L, are simple,

¥ Ry and L are independent of Frequency.
Dizadvantages

¥ The Circuits used two capacitons.

¥ Wariable capacitor is costly.

*  Q-factor range is resiriced.
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2.3.5 Anderson’s bridge

*

Fig 2.10 Anderson's bridge

Ei =Lk +n)+ jHh Xy
r Ey=Ep

E4=lpr+Ep

‘f

olhy=li vl

Ey+E4=E

"

E\+E3=E

A U
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< S 20 G) £~mf ¢ Z
/’ v 5o
P 3 — : v
oo s "
- — — —— 1}' - 4
// ,ﬂl Lk : /
//,.. T = el /s
e —— /
i = 1.4
:___—"— £y I
O —
T k) EyAT:R = L

Fig 2.11 Phasor diagram of Anderson’s bridge

Step-1 Take I, as references vector .Draw I,R,' in phase with I,
RI=(R +n) . LXyis L, to I,R,'
Ey = 1R} + jl X,

Step-2 Iy =15 , E5 isin phase with /5, From the circuit ,
Ey=Eg , I leads Ec by 90"

Sl_£2-3 E,j =Icr+Ec

Step-4 Draw /4 in phasc with £y ,By KCL, J2 =l + ¢
Step-5 Draw E; in phase with I,

Step6  ByKVL, Ej+Ey=E or Ex+Ey=E

> L7 15
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t v
-_l ‘,_,_,__ 2

0 0

Fig 2.12 Equivalent delta to star conversion for the loop MON

2 Rgxr _  jwCR4r
7 - =
R4+r+—.l—- 14 jwC(Ry+71)
jwe
1
Ryx-
26 — ? 'i“c = R“
R,+r+r_—'; 1+ jWC(Ry +7r)
me
(R.' + pwly )% — Ry =R3(Ry + :’WCR-Q’
I+ jwC(Ry +r) I+ jwC(Ry +r)
=g (Rf + jwLy )Ry _ pa| RO+ WC(Ry + 1))+ wCrRy
1+ jWC(Rg +7)  ° I+ jWC(Ry +1)

=5 RIRy + jwii Ry = Ry Ry + jOWRsRy(r + Ry)+ jwCrRyRy
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Fig 2.13 Simplificd diagram of Anderson’s bridge

Comparing real term,

RIRs = Ra Ry
(R +n)Ry =Ry Ry

RiR
Rn‘—;“‘}"l

Comparing the imaginary term,
wliRy = wCRa Ry (r + Ry )+ werks Ry

=R
Ry

Ll (r+R4}+R3rC

L =R3({£1(r+k‘)+r]
Ry

Advantages

Variable capacitor is not required.

R; and L; are independent of frequency.

v

v Inductance can be measured accurately,
v

¥ Accuracy is better than other bridges.
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Disadvantages

¥ Expression for Ry and L, are complicated.
¥ This is not in the standard form A.C. bridge.

2.4 Measurement of capacitance and loss angle. (Dissipation factor)
2.4.1 Dissipation factors (D)

A practical capacitor is represented as the series combination of small resistance and
idcal capacitance.

From the vector diagram, it can be seen that the angle between voltage and current is shightly less
than 90", The angle * " is called loss angle.

Fig 2.14 Condensor or capacitor

Fig 2.15 Representation of a practical capacitor
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V\g I
‘,}‘.!0 4 T s
‘., £ Lows ongle«
) | ol TR &
2 |
|
I% \
\ |
l'. |
\ |
" v \
V‘\} L8 .

Fig 2,16 Vector diagram for a practical capacitor

A dissipation factor is defined as “tan 8.

sand=——=——=wCR
Xe Xo
D=wCR
D=—|—
Q
D=lan5=5i“5 s

cosd

sT For small value of * 4" in radians

D=6=Loss Angle  (*d' must be in ralian)
2.4.2 Desauty’s Bridge
Cy= Unknown capacitance

At balance condition,
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S A

N, S

E,

Fig 2,17 Desauty’s bridge

i[:‘]__;
N

\

E’:I:

Fig 2,18 Phasor diagram of Desauty’s bridge
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2.4.3 Modified desauty’s bridge

Fig 2.19 Modified Desauty’s bridge

L1|R| . 5 s
1‘ A&\?- z" N :15
[ \ N
| : \‘ N e ks
' \ Vg -.\‘\-_ \
| —LLD
| \\)
= . — - S~ .
l‘V| SR E;:;-,' £b~l~ fr-p“ . /

Fig 2.20 Phasor diagram of Modified Desauty’s bridge
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Rl =(Ri+n)

Ry =(Ry +13)

L3Ry = Ra(RL 4—

At balance condition, (R,l B
w(| wCs

)

RIR;+ .R‘ = RyR) + L
wCy wCy

Comparing the real term, R} Ry = B3R}

_(Ry 43Ry
Ry

R+

Comparing imaginary term,
Ry Ry

WC| w( 2

_RiCy
R3

)

Dissipation factor D=wC,r

Advantages
v 1yand ¢; are independent of frequency,
¥ They are independent of each other.
v" Source need not be pure sine wave.

2.4.4 Schering bridge

Ey=hn-jhHXy

Cz = Cy= Standard capacitor (Internal resistance=(0)
Cy= Variable capacitance,

Cy= Unknown capacitance.

ri= Unknown series equivalent resistance of the capacitor.
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R+=Ry= Known resistor,

Fag 2.21 Schering bridge

1 wCip +1
fwCy wCy

Ryx——
Zy= y wCy _ Ry
R‘_'_L l+jWC‘R4
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) :,:[\

o
\ 1y

\ \

Fig 2.22 Phasor diagram of Schering bridge

At balance condition, 21 24 =22 23

I+pwCin,  Re _ Ry
IwC,y I+ jwCyRy  wCa

(1+ jwclll )R4C2 =R3C1(| + ij‘;r_; )
RyCr + jwCinRyCy = RyCy + wCy Ry R G
Comparing the real part,

_ RaCy

=0y
Ry

Comparing the imaginary part.
WCV‘R,;CZ = WC4R3R4C1

_CyRy
(&)

Dissipation factor of capacitor,
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D=wCin =wxﬁ—cz x—c"ﬁi'
Ry G

S D =wlyRy

Advantages

* In this type of bridge, the value of capacitance can be measured accurately.
¥ It can measure capacitance value over a wide range.

* It can measure dissipation factor accurately,
Disadvantages

¥ It requires two capacitors,
¥ Variable standard capacitor is costly.

2.5 Measurements of frequency
2.5.1 Wein's bridge

Wein's bridge i popularly used for measurements of frequency of frequency. In this bridge, the
valoe of all parameters are known. The source whose frequency has to measure is connecied as

shown in the i gure.

. | i+
Zy=ne—=211
Wiy JwC
. Rq
215 WCaRs

Al balance condition, il i‘:-i =.'-Ii'1 ﬂ

j‘l-'l'l:EF] +J}{R o RE .
we 0 14 jwCaks

(14 wCin W+ jwCr Ry )Ry = Ba Ry % jwl)y

Ry

RaRy
Ry

['*.f'wﬂzﬂz + jwCin =W CiCan s ]= e



CLASS NOTES ON ELECTRICAL MEASUREMENTS & INSTRUMENTATION

Fig 2.24 Phasor diagram of Wein's bridge
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Comparing real term,
l—wlfjﬂ'y].ﬂ'g =M

Wi Car By =1
3 I
W
CiCrn K
| ; |

M= ———

Ttk T MjC,Ganks

NOTE

The above bridge can be used for measurements of capacitance. In such case, ry and C, are
unknown and frequency is known. By equating real terms. we will get Ry and C. Similarly by
eguating imaginary term, we will get another equation in terms of rp and C. I is only used for
measurements of Aodio frequency.

AF=20 HZ to 20 KHZ

R.F=>= 20 KHZ
Comparing imaginary term,
Ry Ry

4

C1Ra 85
Ry

wlsKa+wCpn =wl;

G ==
W Canks
Substituting in egn. (2.19), we have

CaRy+—— = iRy )
wCanRy Ry

Multiplying :4 in hoth sides, we have

29%]

I R
CEHEH E‘i + r = . =E'|
RaRy  woCaRty Rof3
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Ry WCRIR,

W CnCaR;y =1

| |
N VICRC CR R
S WZCQRI[ = 4+ 4 R ]
3

By
Ry (w2C22R2 B --l—)
L Ry

2.5.2 High Voltage Schering Bridge
k] 4‘““ e
¢“‘ v
L N \i\'s‘l‘:\{(%
W, YRl T N .

e LA -‘\_T’-“ ‘ .\1\:'; \
el el |
\ - \, L \
\ < LW \

A o o5
|\ Lo 2 0.t 8t ls._L(“‘(_

Fig 2.25 High Voltage Schering bridge
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(1) The high voliage supply is obtained from a transformer usually at 50 HZ,

2.6 Wagner earthing device:
| 55 i V?¢‘
!
- ( ? 2 »D ;
T N
|
ts 2= Cg
Fig 2.26 Wagner Earthing device

Wagner earthing consists of ‘R™ and 'C” in series. The stray capacitance at node ‘B’ and ‘D’ are
Cg, Cp respectively. These Stray capacitances produced error in the measuremenis of ‘L and
‘C'. These error will predominant at high frequency. The error due to this capacitance can be
eliminated using wagner carthing arm.

Close the change over switch 10 the position (1) and obtained balanced. Now change the
switch 1o position (2) and obtiined balance, This process has (o repeat until balance is achieved
in both the position. In this condition the potential difference across cach capacitor is zero.

Current drawn by this is zero, Therefore they do not have any effect on the measurements.
What are the sources of error in the bridge measurements?

¥ Error due 1o stray capacitance and inductance,

¥ Due to external field.

¥ Leakage error: poor insulation between various paris of bridge can produced this error.
v Eddy current error.

v

Frequency ermor.
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v Waveform error (due to harmonics)
v Residual error: small inductance and small capacitance of the resistor produce this error.

Precaution

¥ The load inductance is eliminated by twisting the connecting the connecting lead.

v' In the case of capacitive bridge. the connecting lead are kept apart.('~ C= E{;ﬂ )

v In the case of inductive bridge, the vanious arm are magnetically screen.

¥ In the case of capacitive bridge, the various arm are electro statically screen to reduced
the stray capacitance between various arm.

¥ To avoid the problem of spike, an inter bridge ransformer is used in between the source
and bridge.

v The stray capacitance between the ends of detector o the ground, cause difficulty in
balancing as well as ermor in measurements, To avoid this problem, we use wagner
earthing device.

2.7 Ballastic galvanometer

This is a sophisticated instrument. This works on the principle of PMMC meter, The oanly
difference is the type of suspension is used for this meter, Lamp and glass scale method is used
to obtain the deflection. A small mirror is attached to the moving system. Phosphorous bronze

wire is used for suspension.

When the D.C. voltage is applied to the terminals of moving coil, current flows through it. When
a current carrying coil kept in the magnetic field, produced by permanent magnet, it experiences
a force. The coil deflects and mirror deflects. The light spot on the glass scale also move, This
deflection is proportional to the current through the coil.

i=g.Q=i:=jidt

&« Q , deflection= Charge
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Fig 2.27 Ballastic galvanometer

2.8 Measurements of flux and flux density (Method of reversal)

D.C. voltage is applied to the electromagnet through a variable resistance R, and a reversing
switch. The voltage applied to the toroid can be reversed by changing the switch from position 2
1o position ‘1", Let the switch be in position ‘2" initially. A constant current flows through the
torord and a constant flux is established in the core of the magnet,

A search coil of few turns is provided on the toroid. The B.G. is connected 1o the search
coil through a current limiting resistance. When it is required 10 measure the flux, the switch is
changed from position ‘2" to position “1°. Hence the flux reduced to zero and it starts increasing
in the reverse direction. The flux goes from + ¢ o - ¢, in time ‘1" second. An emf is induced in
the search coil, science the flux changes with time. This emf circulates a current through R; and
B.G. The meter deflects. The switch is nommally closed. It is opened when it is required to take
the reading.
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2.8.1 Plotting the BH curve

The corve drawn with the current on the X-axis and the flux on the Y-axis, is called
magnetization characteristics. The shape of B-H curve is similar to shape of magnetization

characteristics. The residual magnetism present in the specimen can be removed as follows.

/'/ e
f #
S
/
I/
4 -
¥i¢ M
.___—5 H
Fig 2.28 BH curve

/’\

{1 —

Fig 2.29 Magnetization charicteristics
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Close the switch 'S;" 1o protect the galvanometer. from high current. Change the swiich
S1 from position ‘1" to ‘2" and vice versa for several times,
To start with the resistance ‘R;' is kept st maximum resistance position. For a particular value of
current, the deflection of B.G. is noted. This process is repeated for various value of current. For

each deflection flux can be calculated{ » =-§- ]

Magnetic field intensity value for various coarrent can be calculated.(). The B-H curve can be
plotted by using the value of *‘B” and *H".

2.8.2 Measurements of iron loss:

Let  Rp= pressure coil resistance
Rs = resistance of coil §1
E= voltage reading= Voltage induced in 53
I= current in the pressure coil
V= Voltage applied to wattmeter pressure coil.
W= reading of wattmeter corresponding voltage V
W= reading of wattmeter corresponding voltage E

W=V
2 E.'.:E::;“ﬁ:sxw
W|—)bp W V V

Wi=Total loss=Iron loss+ Cupper loss.

The above circuit is similar 1o no load test of transformer.

In the case of no load test the reading of wattmeter is approximately equal 1o iron loss. lron loss
depends on the emf induced in the winding. Science emf is directly proportional to flux. The
voltage applied to the pressure coil is V. The corresponding of wattmeter is *W'. The iron loss

commesponding E1s K= WTE The reading of the wattmeter includes the losses in the pressure

coil and copper loss of the winding S1. These loses have to be subtracted to get the actual ron

loss.
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2.9 Galvanometers
D-Arsonval Galvanometer
Vibration Galvanometer
Ballistic C

2.9.1 D-arsonval galvanometer (d.c. galvanometer)

ML
ul")l“

,"‘,’:f.'l -
p ks B, B CUERE
Ml-'{l“!
J "
» .M"".':‘ pzr-"“"r
pt Mg M
=" o N
{ |
) = {
I:' | (:n (
| / - |
| N | \
( i - r
L.
.?“
(.l'lﬂ‘l L“v ‘nl’—.","":.r[
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J‘d{n

Lo hIEn  Sad paniyd el]

Fig 2.30 D-Arsonval Galvanometer

Galvanometer 1s a special type of ammeter used for measuring 4 A or mA, This is a
sophisticated instruments. This works on the principle of PMMC meter. The only difference is
the type of suspension used for this meter. It uses a sophisticated suspension called taut
suspension, 5o that moving system has negligible weight.

Lamp and glass scale method is used to obtain the deflection. A small mirror is antached
to the moving system. Phosphors bronze is used for suspension.
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When D.C. voliage is applied to the terminal of moving coil, current flows through it.
When current carrying coil is kept in the magnenc field produced by P.M. | it expenences a
force. The light spot on the glass scale also move. This deflection is proportional to the current
through the coil, This instrument can be used only with D.C. like PMMC meter.

The deflecting Torque,
Tu=BINA

Tu=Gl, Where G=BAN
Te=Ks@=S¢

At balance, Te=Tp = S#=0l

Where G= Displacements constant of Galvanometer

S=Spring constant

2.9.2 Vibration Galvanometer (A.C, Galvanometer_)

The construction of this galvanometer is similar to the PMMC instrument except for the moving
system. The moving coil is suspended using two wvory bridge pieces. The tension of the system
can be varied by rotating the serew provided at the top suspension. The natural frequency can be
varied by varying the tension wire of the screw or varying the distance between ivory bridge

piece.

When A.C. current is passed through coil an alternating torque or vibration is produced. This
vibration is maximum if the natural frequency of moving system coincide with supply frequency.
Vibration is maximum, science resonance takes place. When the coil is vibrating , the miror
oscillates and the dot moves back and front, This appears as a line on the glass scale. Vibration
galvanometer is used for null deflection of a dot appears on the scale. If the bridge is unbalanced,
a line appears on the scale
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Fig 2.31 Vibration Galvanometer

Example 2.2-In a low- Voltage Schering bridge designed for the measurement of
permittivity, the branch *ab’ consists of two electrodes between which the specimen under
test may be inserted, arm ‘bc’ Is a non-reactive resistor Ry in parallel with a standard
capacitor Cy, arm CD is a non-reactive resistor Ry in parallel with a standard capacitor Cy,
arm “da’ is a standard air capacitor of capacitance C;. Without the specimen between the
electrode, balance is obtained with following values , Ci=Ci=120 pF, C;=150 pF,
Ry=R=500002. With the specimen inserted, these values become Cy=200 pF,Ci=1000
pF.Cy=900 pF and R=R=5000LL In such test w=35000 rad/sec. Find the relative
permittivity of the specimen?
capacitance weatured with given medinm

Sol: Relative permittivity( £, ) = —F————— - -
capacitance measured with air medium
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Fig 2.32 Schenng bridge

) =C z(ﬁ)
Ry
Let capacitance value Cy, when without specimen dielectric.
Let the capacitance value Cs when with the specimen dielectric.

Co =C3(RX8y <1504 2P _ 150pF
Rs 5000
Ry 5000
Cy = Cs by = 900% 2 = 900 pF
§ =Gl s000

£ = f,—; = % =6

Example 2.3« A specimen of iron stamping weighting 10 kg and having a area of 16.8 cm’ is
tested by an episten square. Each of the two winding S, and S; have 515 turns. A.C. voltage
of 50 HZ frequency is given to the primary. The current in the primary is 035 A, A
voltmeter connected to S; indicates 250 V. Resistance of §; and S; each equal 1o 40 .
Resistance of pressure coil is 80 kf), Calculate maximum flux density in the specimen and

iron loss/kg if the wattmeter indicates 80 watt?
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Sol'-  E=4.44f9, N

E

B. = =1.3wb/m>
m = A AN Iwb!m
2
oot o Wl s
Rp (Rg+Rp)
40 250°

= 80(] + =T79.26warn

).—
80x10°  (40+80x107)

fron loss/ kg=79.26/10=7.926 w/kg.




