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Lecture 4
DC Measuring Instruments

4.1 Analog Ammeters and Voltmeters

Analog ammeters and voltmeters are classed together as there are no fundamental differences in
their operating principles.

The action of all ammeters and voltmeters depends upon a deflecting torque produced by an
electric current.

In an ammeter, this torque is produced by a current to be measured or by a definite fraction of it. In

a voltmeter this torque is produced by a current which is proportional to the voltage to be
measured.

The essential requirements of a measuring instrument are:

» Its introduction into the circuit, where measurements are needed, does not alter the circuit

conditions.

» The power consumed by the instrument for their operation is small.



» There are multiple types of analog instruments, such as:
1. Permanent Magnet Moving Coil (PMMC().

2. Moving lron.

3. Induction.

4. Dynamometer.

5. Thermocouple.

« of these types, the permanent magnet moving coil (PMMC)type can be used for DC measurements
only, while the induction type for AC measurements only.

« The other types of analog instruments can be used with either DC or AC measurements.



4.2 Permanent Magnet Moving Coil (PMMC) Instruments

* In PMMC instrument, a coil of fine wire is suspended in a magnetic field produced by permanent
magnet. According to the fundamental law of electromagnetic force, the coil will rotate in the
magnetic field when it carries an electric current by electromagnetic torque effect.

* A pointer which attached the movable coil will deflect according to the amount of current to be
measured which applied to the coil. The torgue is counterbalance by the mechanical torque of control
springs attached to the movable coil also.

 When the torques are balanced, the moving coil will stop and its angular deflection represent the
amount of electrical current to be measured against a fixed reference, called a scale.
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4.3 PMMC DC Ammeters

« An Ammeter is always connected in series with a circuit branch and measures the current flowing in it.

* An ideal ammeter would be capable of performing the measurement without changing or distributing
the current in the branch but real ammeters would possess some internal resistance.
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4.3.1 Extension of DC Ammeter Range

 Since the coil winding in PMMC ammeter is small and light, they can carry only small currents (14A — 1mA).

 Measurement of large current requires a shunt (parallel) external resistor to connect with the meter
movement, so only a fraction of the total current will passes through the meter. We have:

» Rm: internal resistance of ammeter.
» Im: full-scale deflection current.

» Rsh: shunt resistance.

» [sh: shunt current.

> |: current to be measured. + 0

Ish Im

Rsh Rm

(f)



» Since the two resistors are in parallel, then the voltage across them is equal. So, we can write:

-'lsh Rsh — -"m Hm

Hsh — "'mHm;;-'fsh (1)
we also can write:
lep = 1 — I 2
by substituting (2) into (1), we get: Im+Rm
RSh: (3)

[—Im



Example 1: A (1 mA) ammeter with an internal resistance of 100 Q is to be converted into a 0-100 mA ammeter.
Then, the required shunt resistance is;

Sol:

100 ::;(100 mA) I

B | B +
Ren = 100+ == —— = 1.01Q I<h Tm (1mA)

Rsh Rm
(100 Q)




3.3.2 Extension of DC Ammeter multi-range

* The range of DC ammeters can be further extended to produce a multi-range instrument. That could be
done using either the direct or indirect method.

1) Direct Method:

The current range of a DC ammeter can be further extended by a number of shunts selected by a range
switch, as shown below. In this case, we can write;

Im>Rm

(Irangel _Im) (4)

Rshl =

Rsh2 = —m*Fm

(Irangez_lm)

+ O
Rsh3 = fm *Rm Ishli Im
(Irange3_lm)
Rshl f Rm
Irangel




Example 2
We will design a multi-range ammeter by using direct method to give the following ranges: 10mA, 100mA, 1A, 10A,
and 100A. The ammeter has an internal resistance of 10Q and full scale current of 1ImA. We can write;

Rspy = 1072+ 10/(10m — 1m) = 1.11Q
Rsrz = 1072 % 10/(100m — 1m) = 0.101Q
Rsia = 107% % 10/(1 — 1m) = 0.0101Q
Rsps = 1072 %10/(10 — 1m) = 0.0011Q
Rsns = 1072 % 10/(100 — 1m) = 0.00011Q
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2) Indirect Method (Ayrton):

-".r* o Hm_"lql
Im  Req

where
»R=Ra+Rb+Rc.
» Req = resistors parallel with the ammeter.

(5)




Example 3
We will design a multi-range ammeter by indirect method to provide the ranges: 1A, 5A, and 10A. The ammeter has an

internal resistance of 50Q and full scale current of 1mA.

Sol:
» For 1A range: (Req =R):
l'lrI L Hm ‘|‘ R
l*m N Heq
1 50+ R
im~ R

= A = 0.050050




@ For 5A range: (Req = Ry + Re)

lo  Rm+R
E N Hb‘|‘-'qc

5 50+ 0.05005
ﬁ?_ Hb‘|‘-'qc

— R, + R. = 0.010019
R. = R— (Ry + R.) = 0.04004%

@ For 10A range: (Req = R:)

s  Rm+R

lm R

10 50 + 0.05005
im R:

— R. = 5.005x107°Q
R, = R— (R=+ R:) = 5.005x107°Q



4.4 PMMC DC Voltmeters

« Avoltmeter is always connect in parallel with the element being measured, and measures the voltage between
the points across which it is connected.

* Most DC voltmeter use a series resistor as shown below. The series resistance should be much larger than Rm.
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e So in order for the PMMC voltmeter to measure higher voltage values, we need to place a resistor (Rs ) in
series with the internal resistance (Rm), as shown in figure below.

* From the circuit shown below, we can write:

V — .F..mHS — Imlqm — D

_ (6)
R, — V — ImBm
-'l.l"ﬂ'
+ Rs
o WAVLYAN
Im
V ange
Rang Rm

O |




Example 4.
An ammeter with full-scale current (Im) equals (100pA) and (Rm = 500Q). We need to convert it to a 1V voltmeter.
Using Ohm’s law, we can write.

Sol:

V =100+ 10"° %+ 500
—50% 10V

* The original range is low. So, we need to determine Rs to increase the voltmeter range to 1V.

1 -100 %107 % 500

R. — — 9.5kQ)

100 = 10-6




4.4.1 Extension of DC Voltmeter multi-Range

» Ranges of a DC voltmeter can be further extended by adding a number of series resistors to the voltmeter. Each
resistor is selected for a certain range. To do this, we can use the ”Direct Method” or ”Indirect Method”.

1) Direct Method:
In this method, more than one Rs are connected. Each one of the resistors can be calculated as follows

Vi — ImRnm
H51 — 1 [=
Vo — ImRm
R = — B
L VH T -'fm-qm
HSE — Hm
> W, v2 ‘\oh—i-o
WATAVAN

Rm




Example 5:
The PMMC voltmeter has a range of 50mV. We extended its range by adding five different resistors to get the
ranges (10V, 50V, 100V, 250V, and 500V). Calculate Rs4 for the range 250V.

Sol:

Rss = (250 — 100 + 10~ ° % 500) /(100 + 10~ °) = 2.4995MQ

Rs1= 99.5k0

NAN—
¢1UUUJ‘5~ Rs = 499.5k0 S0V ‘ voltage range
4/\/\/\/ selector switch

S i Rez = 999.5k0 <
100V Ry

&
Rzs= 2 4995M0 —8 = T

|
|
|
|
W

0 : Voltage to
|

%

Rsgs=4.9995M0 be measured

PMMC | 4/\/\/\{ 500V l

O -V




2) Indirect Method:

Using this method, multiple resistors are connected in series with each other and the PMMC voltmeter, as shown
below.

» Rsl can be calculated the same as we did in the Direct Method as follows;

R = Vi — Al (1)
-'lll"l'T
» Rs2 can be calculated as follows;
VE - fl:i'51 l'lm - H_ggl'lm — Hm].lm — D (2)
Rs1 Rs2 Rs3

WAVVAN WATATAN
Im
V2
ko Vi V3

o o+




« By substituting (1) in (2), we get;

Vi — Ryl
Vg_( )*%_Hsgfm_ﬁmfmzo
/4
Vo — Vi + Bnifs — Rselm — Baifn = 0
RSE"[H’.': VE_H
= R = Ve — V

Im

» Using the same steps above, we can get;




Example6:
let us look at the figure below. It shows a DC voltmeter whose range is extended using the Indirect Method. If we

wanted to calculate Rs5, then we can write;

Sol:

N AN
55 — | 400k
i
500 — 250
= 700105 ~ oM

voltagerange

selector switch o +V
Voltage to

be measured

v
O -V




