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3.1 Permanent Magnet Moving Coil (PMMC):

» Electromechanical instruments are electrically operated mechanical
instruments used to measure electrical quantities (Volt, Ampere, Ohm).

» A Permanent Magnet Moving Coil (PMMC() is the basic building block of all
electromechanical instruments: galvanometers, DC ammeters and voltmeters and
ohmmeters.

1. A light weight coil of copper wire suspended in the field of
permanent magnet.

2.The current flowing in the wire produces a magnetic field
by the coil which interacts with the field from the magnet
thereby resulting in partial rotation of the coill.

3.The current flowing in the wire is Iindicated by the
deflection on a calibrated scale through a pointer
connected to the caill.




3.1 Permanent Magnet Moving Coil (PMMC):

Deflection Instrument Fundamentals:

To move the pointer in PMMC over the scale,
three forces are required:

1.
2.

3.

Deflection force.
Controlling force.

Damping force.
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3.1 Permanent Magnet Moving Coll (PMMC):

Deflection Instrument Fundamentals:

[1] Deflection force:

It is the magnetic force that
causes the pointer to move from
its zero position when a current
flows.

» This force is established due to
the interaction between the
magnetic field from the current
flow in the coil and the field
from the permanent magnet.

Poles of permanent magnet

Conductor
flux

Figure 3-1 The deflecting force in a
PMMC instrument is produced by the
current in the moving coil. This sets up
a magnet flux which interacts with the
flux from the poles of the permanent
magnet.



3.1 Permanent Magnet Moving Coll (PMMC):

Deflection Instrument Fundamentals:

|2] Controlling force:

e The controlling force in the PMMC instrument is provided by
spiral springs. The springs retain the coil and pointer at their
zero position when no current is flowing.

 The coil and pointer stop rotating when the controlling force
becomes equal to the deflecting force.

« The spring material must be nonmagnetic to avoid any
magnetic field influence on the controlling force.

* The springs are also used to make electrical Connection to the
coil, they must have a low resistance. Phosphor bronze is the
material usually employed.
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Figure 3-2 The controlling force in a PMMC in-
strument is provided by spiral springs. The two
forces are equal when the pointer is stationary.



3.1 Permanent Magnet Moving Coil (PMMC):

Deflection Instrument Fundamentals:

Pointer oscillation Pqinter Oscﬂlafcion
[3] Damping force: N e S i
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3.1 Permanent Magnet Moving Colil (PMMC):
Construction of PMMC:

Zero Control:

the zero-position control can be adjusted to
calibrate the coil and pointer position when no
coil current is flowing.

Permanent

. magnet
Counter weight: B
It provides correct mechanical balance of the
o - o Zero
moving pointer so that there is no control
gravitational effect on the accuracy of the Pole
. h
instrument. o
Pivoted . \ Air gap TPoleshoe
. : coil Spi.ral Counter
PMMC is Polarized: g, heigl
. . . Figure 3-6 A typical PMMC instrument is constructed of a horseshoe magnet, soft-iron pole
The current in the COll Of a PMMC instrument shoes, a soft-iron core, and a suspended coil that moves in the air gap between the soft-iron

core and the pole shoes.

must flow in one particular direction to cause
the pointer to move (positively) from the zero
position over the scale.



3.1 Permanent Magnet Moving Coil (PMMC):
Torque equation and scale

» When a current I flows through a one-turn coil situated in a magnetic field, a force F is
exerted on each side of the coil:

F = BIL newtons

Where B is the magnetic flux density in tesla,
I is the current in amperes, and
L is the length of the coil in meters (@) Force F acts on each

side of the coil

Since for a coil of N turns for two sides

. —1—
F =2BILN newtons i
Deflecting torque: %D
T, = 2BILNr N.m "

Tp=BILN(2r) N.m =T, =BILND N.m (b) Area enclosed by the coil



3.1 Permanent Magnet Moving Coil (PMMC):
Torque equation and scale (Cont.)

» The controlling torque exerted by the spiral springs is directly proportional to the deformation of the
springs. Thus, the controlling torque is proportional to the actual angle of deflection of the pointer:

T.-= K60 N.m Where K is a constant

For a given deflection, the controlling and deflecting torques are equal:
The pointer stops when 1; = T

K6 = BILND

All quantities are constant except 6 and I
v Then, the deflection angle is

0= (] Where C is a constant



3.1 Permanent Magnet Moving Coil (PMMC):
Torque equation and scale (Cont.)

0 =CI
This equation shows that the pointer deflection is always proportional to
the coil current.
Consequently, the scale of the instrument is linear, or uniformly divided;

that is, if 1 mA produces a 1 cm movement of the pointer from zero, 2 mA

produces a 2 cm movement, and so on.

The pointer deflection is always proportional to the coil current and the
scale is linear.



3.1 Permanent Magnet Moving Coil (PMMC):
Torque equation and scale (Cont.)

Example 3.1 :

A PMMC instrument with a.d00-turn coil has a magnetic flux density in its air gaps of

B = 0.2 T. The coil dimensions are D = 1 ¢cm and / = 1.5 cm. Calculate the torque on the
coil for a current of 1 mA. |

Solution Equation 3-1,
Tp=BIIND
=02Tx15% 107 x 1 mAx 100 1 x 102
=3x10°N-m
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3.2 Galvanometer:

> A galvanometer is essentially a PMMC instrument designed to
be sensitive to extremely low currents (microamperes).

> Its scale is a center-zero scale. The pointer can be deflected
to either right or left of zero, depending on the direction of
current through the moving coil.

> Galvanometers are often employed to detect zero current or
voltage in a circuit rather than to measure the actual level of
current or voltage.

Protection of Galvanometer:

A galvanometer must be protected from the excessive current
flow. Protection is provided by an adjustable resistance
connected in shunt with the instrument to limit the input
current.

Shunt S
resistance



3.2 Galvanometer (Cont.)

> The weight of the pointer can
create a problem. This is solved in
many instruments by mounting a
small mirror on the moving coil
instead of a pointer. The mirror
reflects a beam of light on to a
scale, as illustrated in the figure.

> So, light-beam galvanometers
sensitive to much lower current
levels than pointer instruments.

Scale 10 10
20 20
40 30 30 40
50 A 50
Light beam —»E
T On-scale /_7: 1
! deflection X !
@ : Soft iron _ é«
. A core Coil |
Lamp . 0 ;
1 P 1
1 1 r
| ) a +
Mirror Wi /\{ _ |
deflection ™. _ E

poles
(a) Galvanometer using light-beam pointer  (b) The mirror and coil deflection is half
that of the light-beam deflection

Figure 3-21 A galvanometer is simply an extremely sensitive PMMC instrument with a center-
zero scale. For maximum sensitivity, the mass of the moving system is minimized by using a
pointer that consists of a light beam reflected from a mirror fastened to the coil.






3.2 Galvanometer (Cont.)

There are two types of sensitivity:

1.

Galvanometer voltage sensitivity is often expressed for a given value of
critical damping resistance. This is wusually stated in microvolts per

millimeter.
A megohm sensitivity: this is the value of resistance that must be connected

in series with the instrument to restrict the deflection to one scale division
when a potential difference of 1 Vis applied across its terminals.



2.3 Galvanometer (Cont.)

Example 3.2:

A galvanometer has a current sensitivity of 1 wA/mm and a critical damping resistance of
I k€. Calculate (a) the voltage sensitivity and (b) the megohm sensitivity.

Solution

Voltage sensitivity = | k{2 x 1 pA/mm
=1 mV/mm
For a voltage sensitivity of 1 Vimm,

megohm sensitivity = | V/mm =1 M{Q

I pA/mm
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3.3 DC Ammeters: Ammeter Circult:

» The PMMC instrument can be used as an ammeter to measure DC current. However, the PMMC wire could be
quickly destroyed by large currents.

» For large currents, a PMMC is modified by adding a parallel (shunt) resistance R..

» Most of the measured current will pass through R, and a small portion of it will pass through the moving coil.

It is a small resistance connected in Rg S}“mt
parallel with PMMC to allow _R Y 3 zl_ -
measuring large currents. It is a S 7

: _ Yoltage terminal
four-terminal resistance to neglect
the resistance of the current Current terminals
terminal.

(a) Dc ammeter construction (b) Ammeter equivalent circuit

Figure 4-1 A dc ammeter consists of a PMMC instrument and a low-resistance shunt. The
meter current is directly proportional to the shunt current, so that the meter scale can be cali-
brated to indicate the total ammeter current.



3.3 DC Ammeter (Cont.)
Example 3.3:

» An ammeter has a PMMC instrument with a coil resistance of R =99 () and full-scale
deflection (FSD) current of 0.1 mA. Shunt resistance R, = 1 (). Determine the total
current passing through the ammeter at:

(a) FSD  (b) 0.5FSD (c) 0.25FSD /8

O




Solution

(a) At FSD:
meier voliage V,, = 1R,
=01 mAx99{l
=99 mV
and [ R.=V,

_99mV
.10

= 9.9 mA
total curremt =1, +1,= 9.9 mh_+ 0.1 mA
= 10 mA
{b) AtQ0.5 FSD:
I,=0.5%0,1 mA=0.05mA
V=1 Rn=005mAX99 (}=495mV

VY _ 495 mV

I, = R, BTN =495 mA

total current 1 =1, + 1, =495 mA + 0.5 mA

=5mA

(c) At0.25 FSD:
I,,=0.25x0.1 mA =0.025 mA
Vo= l,Rn= o,ogs_'mA x99
=2475mV |

I=2= AL~ 2475 mA

total current I =1 + 1, = 2.475 mA + 0.025 mA
=25mA |



3. DC Ammeter (Cont.)

Example 3.4: A PMMC instrument has ESD of 100 pA and a coil resistance of 1 k(). Calculate the re-

quired shunt resistance value to convert the instrument into an ammeter with (a) FSD =
100 mA and (b) FSD =1 A.

Solution
(a) FSD =100 mA:
' V
Vip=1R, =100 pA x 1 kQ = 100 mV m
I=1l+1, IVV\I M
R
f;=f—fm=IOOmA-IODM=99,9mA ImT ;
I S Rg
_ V., 100mVY " Vil i AN
R:"' ] =999 A:lﬁﬂlﬂ !
’ o . I =I,+I; Vis

(b) FSD=1A:
Ve =1,R,,= 100 mV
Iy=1-1,=1A-100 pA=999.9 mA

R v~ 100mV
T 1 9999 mA

= 0.10001 Q



3.3

>

>

>

The moving coil in a PMMC instrument is wound
with thin copper wire, and its resistance can change
with the temperature.

Any such change in coil resistance will introduce an
error in ammeter current measurements.

To minimize the effect of temperature change on the
PMMC resistance, a swamping resistance is
connected in series with PMMC.

The swamping resistance is made from constantan
that have zero temperature coefficients.

If the swamping resistance is nine times the coil
resistance, a 1 % change in coil resistance would
result in a total resistance change of 0.1 %.

DC Ammeters: Swamping Resistance:

Swamping Coil
resistance resistance

Figure 4-2 A swamping resistance made
of a material with a near-zero temperature
coefficient can be connected in series with
the coil of a PMMC instrument to minimize
temperature errors.



3.3 DC Ammeters: Multirange Ammeter:

» A rotary switch is employed to
select anyone of several shunt
resistances with different values.

» A make-before-break switch
must be used so that the
instrument is not left without a
shunt in parallel with it even for
a brief instant.

» A make before-break switch
makes contact with the next
terminal before it breaks contact
with the previous terminal.

(a) Multirange ammeter circuit (b) Make-before-break switch

Figure 4-3 A multirange ammeter consists of a PMMC instrument, several shunts, and a
switch that makes contact with the next shunt before losing contact with the previous one when
range switching.



3.3 DC Ammeters: Multirange Ammeter (Cont.):

Im
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(a) Ayrton shunt and meter
(Rl-l- R2 +R3)||Rm
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(b) Switch at terminal C
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Figure 4-4 An Ayrton shunt used with an
ammeter consists of several series-
connected resistors all connected in parallel
with the PMMC instrument. Range change
is effected by switching between the
resistor junctions.

» Figures show another method

of protecting the deflection
instrument from excessive
current during switching



3.3 DC Ammeters: Multirange Ammeter (Cont.):

Example 3.5:

A PMMC instrument has a three-resistor Ayrton shunt connected across it to make an am-
meter, as in Figure 3-13. The resistance values are R; =0.05 Q,R,=0.45(),and R;=4.5 ().
The meter has R,, = 1 k£ and FSD = 50 pA. Calculate the three ranges of the ammeter.

Solution I Ry
= AMN—( M ——
Vs
CJJW\, , %
Is Ry R, R3 |
C A

(a) Ayrton shunt and meter



Solution

1. Switch at contact B: V=l Rn=50 pA X1k =50 mV

Vl_
" Ri+Ry+R,

50 mV
= =10
0050+0450+450 _ 0MA
I=1,+1,=50 uA + 10 mA
=10.05 mA

Ammeler range = 10 mA.

3. Switch at contact D Vi=1,R,.+R;+R,)

=S0pA(1kD+450+045 0)
= 50 mV

7 =l’,___ 50mVv
7R, 0050

=1A

I=50pA+1A

= 1.00005 A
Ammeter range =1 A,

2. Switch at contact C-

Ammeter range = 100 mA.

Vszjm(Rm +R3)
=50 pA(1 ki +4.5 Q)
=50 mV

Vi

R, +R,

=

_ 50 mVv
T 005040450

=100 mA
=50 pA + 100 mA
= 100.05 mA



END OF LECTURE

BEST WISHES




