Electronics & Hardware

Related Theory for Exercise 1.3.22 to 1.3.28

Electronics Mechanic - Single range meters

Measuring Instrument Meters

Objectives: At the end of this lesson you shall be able to

« state the use of meters
¢ list the basic parts of a simple meter
¢ list the minimum specifications of any meter

¢ list the symbols used on meter dial and interpret their meaning.

Meters

Meters are instruments used to measure electrical
guantities like voltage, current, resistance etc.,

Measurement of electrical quantities is necessary while
installing, operating, testing & repairing electrical &
electronic equipments and circuits.

A simple meter is shown in Fig 1.

Fig 1
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The electrical quantity to be measured is given to the input
terminals (A) ofthe meter. The internal meter movementor
mechanism moves the pointer(D) over the graduated
scale(C) marked on a plate called the dial plate(B). The
pointer stops at a point on the scale which corresponds to
the magnitude of the input given atthe input terminals(A).

Any simple meter must have the following minimum
specifications.

[1] The electrical parameter it can measure.

Example: DC voltage, AC voltage, DC current, AC
current, resistance and so on.

[2] The maximum quantity that it can measure.
Example: 10 volts, 100 volts, 1 ampere and so on.

The simple meter shownin Fig 1 can measure DC voltage.
This can be found out from the symbol V_marked on dial
plate of the meter. All meters will have such symbols by
whichthe user canidentify the electrical parameter thatthe
meter can measure. The different symbols used and their
meanings are shown in Charts 1 at the end of this lesson.

36

Example 1: A symbol V on a meter dial indicates,
V  for measuring voltage
~  for measuring AC.

This means, a meter with V symbol is for measuring AC
voltage.

Example 2: A symbol V on the meter dial indicates,
V for measuring voltage
~ for measuring AC
for measuring DC.

This means, a meter with V. symbol is for measuring AC
and DCvoltages.

The meter scale as shown in Fig 1, is graduated/marked
from 0 to 10. This means that this meter can measure up
to a maximum of 10 volts. This is referred to as the
maximum measurable value in that meter.

The meter scale of 0 to 10 is divided to 5 parts in steps of
2 volts as shown in Fig 2. Each division is called the Main
Scale Division (MSD) of the meter scale.

Fig 2 FIVE MAIN SCALE DIVISIONS
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Each main scale division in Fig 2 corresponds to 2 volts.
Further each main scale division (say O to 2) is further
divided into 4 more divisions as shown in Fig 3. These
divisions are called Small Scale Divisions (SSD).

Fig 3
FOUR SMALL SCALE
DIVISIONS PER MAIN
SCALE DIVISION
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Each small scale division therefore corresponds to,

Value of onemainscaledivision

Numberof smallscaledivisionper mainscaledivision

2 volts

for fig.1,eachSSDis, =0.5vwolts

Hence the smallest voltage that can be accurately meas-
ured using this meter is 0.5 volts. This is nothing but the
value of one small scale division of the meter.

Example: Tofind the maximum and minimum values that
can be measured using a meter having a graduated scale
as shown in Fig 4.

Fig 4
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Maximum quantity the meter shown in Fig 4 can measure
is equal to the full scale deflection value or the highest
numeric on the right edge of the of scale =5 volts.

Minimum quantity the meter can measure is equalto value
of one small scale division

value of one main scale

No. of smallscale div/main div

1 Volt
10 div
The minimum valuesthat can be measured using the meter

in Fig 4 is 0.1 volts and the maximum values that can be
measured is 5 volts.

= 0.1 volts.

On the dial scale of any meter, in addition to the symbols
indicating the electrical parameter (voltage, current etc) it
canmeasure andthetype of parameter (AC,DC, AC/DC),
there are several other symbols. One of the important
symbols to be identified before using the meter is the
position symbol.

Fig 5(a) indicates atypical position symbol onthe dial plate
of a meter.

‘1 ‘symbol on the dial plate indicates that, the meter has
to be positioned vertically (at right angle to the Table) as
shownin Fig 5(b). If this meter is placed horizontally while
taking measurement then, the readings shown by the
meter will not be accurate.

Other symbols indicating the position in which a meter is
to be kept while taking readings is given in the Chart 1 of
this lesson.

[H.IUse Chart 1 and elaborate the meaning of the symbols
in the classroom.]

Fig 5
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CLASSROOMEXERCISE

For a meter with dial plate markings as shown in Figure 6,
referring to Chart 1 of this lesson, find;

i) the nature and type of electrical parameter it can
measure

i) the positioninwhichthe meteristo be keptwhile using
i) the type of mechanism used for the pointer movement
V) the percentage of error indicated in the meter reading
V) the maximum test voltage that can be applied

vi) the minimum and maximum quantity the meter can
accurately measure.

Fig 6
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The metersdiscussed so far, can measure only onerange
of values. The meter shown in Fig 1 can measure 0to 10
volts. The meter shown in Fig 4 can measure 0 to 5 volts.
Suchmetersare called Single range meters. These meters
are generally mounted on electrical panels, and on the front
panel of power supply units. Hence, these meters are
commonly referred to as panel meters.

One ofthe mostcommon errors in metersis the Mechanical
Zero error. This error is caused due to the mechanical
movementsinvolved inthe meters. This errorin metersis
correctable. The steps involved to correct this error is
called Mechanical zero setting of meters.

All meters will have a screw on it as shown in Fig 6.
Keeping the terminals of the meter open, the screw is
turned slowly to bring the pointer exactly to O position on
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the meter scale. This means, with no voltage applied, the
meter is made to show exactly zero volts.

Care hasto be takenwhile turning this screw as this screw
is directly connected with the sensitive and delicate meter
movement. Turning the screw in large amounts or in jerks
may damage the meter movement permanently making
the meter unusable.

Before using ameter for measurements, itis necessary to
check if the meter needle is moving freely over the
graduated scale. There are possibilities that the meter
movement may be sticky due to dust collection on the
meter movement or due to the bent pointer needle.

A simple way to check sticky pointer/meter movementis
to hold the meter in hand and tilt the meter back and forth
gently, checking for the free movement of the pointer. Ifthe
pointer is not moving freely, it is advised not to use that
meter for making measurements.

Voltmeters used for measuring DC voltages will have their
input terminals marks +ve and -ve. For making voltage
measurement, the +ve terminal of the meter must be
connected to the +ve terminal of the battery and the -ve
terminal of the meter to the -ve terminal of battery. If the
terminals are reversed, the meter deflects below zero.
This may cause temporary or sometimes permanent
damage to the meter movement.

Measuring Instruments
a Introduction

e The instruments, which are used to measure any
quantity are known as Measuring Instruments.

* Measurement of electrical quantities is necessary
while installing, operating, testing & repairing electrical
& electronic equipment’s and circuits.

e To make electrical measurements the most popular
instruments used are called Meters. Meter is a tool
used to measure the basic electrical quantities such
as Current, Potential difference (Volt) and Resistance.

¢ Following are the most commonly used electronic
instruments.

i Voltmeter

i Ammeter

iii Ohmmeter

v Multi-meter

v Clamp Meter
b Ammeter

 Ammeter is an electronic instruments device used to
determine the electric current flowing through a circuit.
Ammeters measuring currentin milli-ampere range is
known as milli-ammeters.

 Ammeters are connected in series to the circuitwhose
current is to be measured. Hence this electronic
instruments are designed to have as Very Low
resistance/ loading as possible.

'D 20 40 g0 80 1nD:
Wil e

AC AMPERES

BLUE SEA SYSTEMS

There are two types of ammeters: DC ammeter, and
AC ammeter.

DC ammeter measures the DC current that flows
through any two points of an electric circuit. Whereas,
AC ammeter measures the AC current that flows
through any two points of an electric circuit.

Anexample of practical AC ammeteris showninfigure
which is a (0?100A) AC ammeter. Hence, it can be
used to measure the AC currents from zero Amperes
to 100 Amperes.

Voltmeter

Voltmeter is an electronic instruments used in an
electric circuit to determine the potential difference or
voltage between two different points.

Voltmeters are usually connected in parallel (shunt) to
the circuit. Hence they are designed to have High
resistance as possible to reduce the loading effect.

There are two types of voltmeters: DC voltmeter, and
AC voltmeteri.e RMS value of Voltage.

DCvoltmeter measuresthe DC voltage across any two
points of an electric circuit, whereas AC voltmeter
measures the AC voltage across any two points of an
electric circuit.

Anexample of practical DC voltmeteris showninfigure
whichisa(0?10V)DC voltmeter. Hence, itcan be used
to measure the DC voltages from zero volts to 10 volts.

Ohmmeter

Ohmmeterisusedto measure the value of Resistance
between any two points of an electric circuit. It can also
be used for finding the value of an unknown resistor.

There are two types of ohmmeters: series ohmmeter,
and shuntohmmeter.

In series type ohmmeter, the resistor whose value is
unknown and to be measured should be connectedin
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series with the ohmmeter. It is useful for measuring
high values of resistances.

In shunt type ohmmeter, the resistor whose value is
unknown and to be measured should be connected in
parallel (shunt) with the ohmmeter. It is useful for
measuring low values of resistances.

An example of practical shunt ohmmeter is shown in
the figure, whichis a (0?100?)shuntohmmeter. Hence,
it can be used to measure the resistance values from
zero ohms to 100 ohms.

Multimeter

Multi-meteris an electronicinstrumentused to measure
the quantities such as voltage, current & resistance
one at a time.

This Multi-meter is also Known as Volt-Ohm-
Milliammeter (VOM).

Itcan be usedtomeasure DC & AC voltages, DC & AC
currents and resistances of several ranges.

A practical multi-meter is shown in the figure, which
canbe usedto measure various high resistances, low
resistances, DC voltages, AC voltages, DC currents, &
AC currents. Different scales and range of values for
each of these quantities are marked in the figure.

Clamp meter

A clamp meter is an electrical test tool that combines
a basic digital multi-meter with a current sensor. It is
also called a Tong Tester.

Clamps measure current. Probes measure voltage.
Having a hinged jaw integrated into an electrical meter
allows technicians to clamp the jaws around a wire,
cable or other conductor at any point in an electrical
system, then measure current in that circuit without
disconnecting/de-energizingit.

Beneath their plastic mouldings, hard jaws consist of
ferrite iron and are engineered to detect, concentrate
and measure the magnetic field being generated by
current as it flows through a conductor.

Principle and parts of simple meter

a

Simple meter

The electrical quantity to be measured is given to the
Input Terminals of the meter. The internal meter
movement or mechanism moves the Pointer over the
Graduated Scale marked on a plate called Dial Plate.

The pointer stopes at a point on the scale which
corresponds to the magnitude of the input given atthe
input terminals.

Any simple meter must have the following minimum
specifications.

The electrical parameter it can measure. Example: DC
Voltage, AC Voltage, DC Current, AC Current,
Resistance and so on.

The maximum quantity thatit can measure. Example:
10Volts, 100 Volts, 1 Ampere and so on.

The simple meter shown figure can measure DC
voltage. This can be found outfrom the symbol Vmarked
on dial plate of the meter.

All meters will have such symbols by which the user
can identify the electricl parameter that the meter can
measure.

/ Input Terminal

Graduated scale

The meter scale as shown in figure is graduated/
marked from 0 to 5. This means that this meter can
measure up to a maximum of 5 Volts. The maximum
reading of ananalog meteris called Full Scale Deflection
(FSD).
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¢ The meter scale of 0to 5is divided to parts in steps of
1Volts. Each division is called Main Scale Division

(MSD). Main Scale Full Scale
« Each Main Scale Division (MSD) is equal to, Division (1Y) Division (5V)
FullScaleDeflection 5
=1 volts pomaliseale ] A 2 2
Number of Main Scale Division 5 ivision (0.1V) \Q\N\ b sl
W "y

e« Each main scale division corresponds to 1 volts.
Further each main scale division (say 0to 1) is further l
divided into 10 more divisions. These divisions are
called Small Scale Divisions (SSD).

e Hence the smallest voltage that can be accurately

e Each Small Scale Division (SSD) therefore corresponds X > -
measured using this meter is 0.1 Volts.

to,
Value of one Main Scale Division - Symbol on meters
Number of Small Scale Division per Main Scale Division * The different symbols used and their meanings are
1 detailed below:
0 0.1Volts « Thefollowing symbols indicate the reading of AC/DC:
Indicating the reading of AC/DC
Symbol Meaning of the symbol Symbol Meaning of the symbol
DC voltage or Current ,\I AC voltage or current
DCvoltage or Current ,\I AC/DCvoltage or current

e The following symbols indicate type of meter:

Indicates type of meter

Symbol Meaning of the symbol Symbol Meaning of the symbol

V A

Voltmeter Ammeter

mV mA

Milli - Voltmeter Milli - Ammeter

V Micro - Voltmeter ”A Micro - Ammeter
M

Ohmmeter Ohmmeter

Q OHMS
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Thefollowing symbolsindicate the type of mechanism/
Principle of the meter pointer movement associated
with the meter:

Type of mechanism/principle of the meter pointer movement

Symbol Meaning of the symbol Symbol Meaning of the symbol

Moving coil with permanent Hotwire

magnet

Electro static

:/. -~ - -.\\\

‘ (,:} ‘ Moving coil with rectifier Bimetalic
_|>|_

i Movingiron _I_

The following symbolsindicate percentage errorinthe
indicated meterreading:

Percentage of Error

Symbol Meaning of the symbol Symbol Meaning of the symbol
+ 1% Error expressed as a 5 +1.5 % Error expressed as a
1 percentage of the end value {/ percentage of the end value
of measuring range of measuringrange
1+2.5% Error expressed as a + 1.5 % Error expressed as a
2.5 percentage ofthe end value percentage of the true value
of measuringrange

The following symbols indicate the placement position
of the meter:

Placement position of the meter

Symbol Meaning of the symbol Symbol Meaning of the symbol
‘ Vertical postition i Horizontal position
+10 Horizontal position with Inclind position
* 10 error permissible 60°

The following symbols indicate special instructions
that go with the meter:
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1KILOVOLTS

Indicates special instructions that go with the meter

Symbol Meaning of the symbol

Symbol Meaning of the symbol

No testvoltage

Test voltage 1 Kilo volts

Testvoltage 2Kilo volts

Testvoltage 500 volts

The following symbols indicate special instructions
that go with the meter:

Indicates special instructions that go with meter

Symbol Meaning of the symbol

Symbol Meaning of the symbol

Magnetic shield

. Electrostatic shield

Attention read instructions
before use

Simple Example:

Forameterwith dial plate markings as shown infigure, the
following specifications can be identified:

42

The nature and type of electrical parameter it can
measure - DC Current, 0 - 5 Ampere.

The positioninwhich the meteristo be keptwhile using
- Vertical Position.

The type of mechanism used for the pointer movement
- Moving Coil with Permanent Magnet.

The percentage of errorindicated in the meter reading
- +1% Error Expressed as a Percentage of the End
Value of Measuring Range.

The maximum test voltage that can be applied - Test
Voltage 2 Kilovolts.

Q1.1 & A

The special instructions of the meter -Attention read
instructions before use.

The minimum and maximum quantity the meter can
accurately measure - Minimum Quantity (SSD)-0.5A,
Maximum Quantity (FSD) - 5 A.

E&H : Electronics Mechanic (NSQF LEVEL 5) - Related Theory for Ex 1.3.22 - 1.3.28



~3s() 3Wo43g
SNOILONYLSN| avay

NOILNILLY

S110A0TYZ
JOVLIOA 1S3l

IVINOZINOH WOHd 409
NOILVNITONI 40 319Ny
NOILISOd Q3NITONI

0

N

[REIRH i
O1LV1SOY10373 /

SL10A0TIY |
JOVLIOA 1S3l

NOILISOd TVINOZIMOH WO¥d o Ol F

3WNLYVdIQ ITEISSINYIY
NOILISOd 1V.LINOZIHYOH

[

a33d ONILVHEIA

OILVLS 0¥L10373

Ol 1v13anig

«

340D NOH| HLM
ONIYNSY3) LN3ILOND
OINVNAQ 0¥10373

3JdIM LOH

30D NoH|
HLIM
OINVNAQ 0¥10373

ONIYNSY3\ LINIILONYD
NOILONANI

$8313400
ONIYNSYAN  IN3ILOND
OIWNVNAQ 0¥10373

ddALl NOILONANI

$8313400
OINVNAQ 0¥10373

ONINSY3\ LINIILONYD
7100 ONIAOW

ONIYNSYAN  IN3ILOND
L13INOVIN ONIAOW

Q@31V10S|  ¥3ILYIANOD
WAWNIH]  HLM
7100 ONIAOW

|| GO 1D

d13IHS OILINOVIN

SL10AQ0S
JOVLIOA 1831

13nNovyy / F1a3aN

31dNOD OWH3H|
/Y3LEIANOD TWWHIH]
HLIM

-y

JOVLTIOA 1S3l ON

L

loquAs ay: jo Buluesyy |oquig

loquis ey jo Buuespy

|oquis

=S SR RIE:

J9leW ayl yum
ob 1ey) suononins
-ul |epads saleoipu|

9w 8yl yum
ob eyl suoinonis
-ul |eads sajeolpy|

‘anjea oni} jo obejusoted e 100 DNIAOW
se pessaidxe lous % Sl F 7100 DNIAOW
NOILISOd 1V.LINOZIHYOH — —
Ym0 ibus) ONIENSYA ——
9[eas |ejo) ay jo obejusdsed INaLLoND 43141103y =
NOILISOd WOILLH3A WOHd o2 F € se pessaidxs Joue i S| F NOYI ONIAOW HLIM C
3uNLEvd3Q 318ISSINYIH SBUET BUNMSESW JO oNne; 1100 ONIAOW
NOILISOd 1VOILH3IA zF pue 8yl jo ebejusdsed e ST
se passaidxe Joud % SZ F 13NOV|N  LININVINH3d =
NOYI ONIAOW HLIM
abues Buunsesw jo
NOILISOd VOILH3IA an|ea pua a8yl jo mmmuzmo_ma 100 SHNIAOW
e se passaidxe 0o % |F NOHIDNIAOW
TI0DONIAOI N
JoquiAS el jo Buuesyy JoquiAs loquAs ay} jo Buluesyy |oquAs
loquAs ayi jo Buueapy 10quAs l1oquAs ey jo Buuesyy | |oquis
Jopul
Jerawiaupjo uomsod Buipeai jelow pejeolpul aLp QU YlIM PSBI0SSe JUSWaAoW Jajulod Jejew
Juswaoe|dauysaleolpu| urious abejus0iad seleolpu| aypjoaidiound /wsiueypswjoadfauyrsaleoipu|

INZUEND ¥O DVITOA OQ / OV

INZHHND ¥O 3OVIIOA OV

INZHEND HO FOVIIOA OQ

INZHEND ¥O 3OVIIOA OQ

[ )]

°
a
€
>,
2]

loquis ey jo Buuesiy

Y3ILIWWHO |SWHO
H3L3INWHO (6]
H3LINNY-0Io1w vl
HILIWNWYV- vw
Y3LIWNY v
Y3L3IWLIOA-0mIW Al
H3ILIWLTOA-IIW AW
Y3LIWLIOA A

|elp 18w

1oquAs ey jo Buesyy | uo joquis

2a/9V Jo Buipeal
aUpSajeoIpu|

191w jo adhy
Sajealpu|

SH313INNO STOAINAS

Jeauluop /Jeaur]
Buppely91eos

43

Mechanic (NSQF LEVEL 5) - Related Theory for Ex 1.3.22 - 1.3.28

ICS

Electroni

E&H



	Binder1
	Electronic mechanics Mod 3


