Section 1

IVIAGNETISM

PURPOSE:

This section introduces magnets, magnetism, magnetic induction and applications of
permanent magnets.

TO ACHIEVE THE PURPOSE OF THIS SECTION:

:::::

At the end of this section the student will be able to:

® Draw the magnetic field patterns of bar and horseshoe permanent magnets.
e State the laws of magnetic aftraction and repulsion.
e Describe magnetic lines of force and list their characteristics.
¢ Define magnetic flux and flux density and solve calculations involving these quantities.
in relation to bar magnets.
» Explain magnetic induction and its effects.
® Describe the principles of magnetic screening and its application.
® List practical applications for permanent magnets.
REFERENCES:

Electrical Principles for the Electrical Trades. 4th Edition. Jenneson IR,
Pages 95-98.
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2. ARTIFICIAL MAGNETS

A magnet may be defined as -

The property of attractmg in this way has already been referred to as magnetism. It was also
pointed out that if a magnetic substance, such as a piece of steel, is brought within the:
influence of a natural magnet, the steel will have magnetism induced in it, that is, it will
become a magnet and possess all the properties of magnetism. To distinguish this “made”
‘magnet from a natural one, itis called an artificial magnet, that is, a magnet made by the art
of man.

Modern magnets are all artificial and are magnetised by electrical means.
Artificial magnets can be separated into two distinct groups -

A magnet which, under the influence of a A magnet which,
magnetising agency such as another
magnet ora current-carrying coil of wire,

Rl

( Usually, temporary magnets are associated
~ with suitable coil windings and their
magnetic properties are dependent upon
the ‘magnetic effect of the current in the

coil..)

Both permanent and temporary magnets have their particular application in electrical work,
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Non-magnetic materials are not affected by a magnetic field (don’t become magnetised) and

have no effect on the field. While materials are usually grouped as either ferromagnetic or
‘non-magnetic, there are two other groups worth mentioning, although their uses are beyond
the scope of this book.

Paramagnetic materials, which include aluminiumm, platinum, manganese and chromium.

They have a permeability slightly higher than one and become. weakly magnetised in the

same djrection as the magnetising force.

Diamagnetic materials, which include copper, gold, silver and zinc. They become weakly
magnetised, but in the opposite direction to the magnetising fotce and have a permeability
less than one.

For the purposes of this module, think of materials as cither being ferromagnetic or
non-magnetic.

4. MAGNET POLES

It has already been pointed out that if a magnet is dipped into a pite of iron filings, the filings
will cling to each end of the magnet but not to the middle, as illustrated in figure 4.

Figure 4

These regions of concentration of magnetic flux are called -

ovaagnalic{i ol

A permanent magnet can have a number of pairs of poles but usually it has only one pair.
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Applied Electromagnetism (6077H - NUEQ45) - cc.t:ion 1- Magnets & Magnetism
5. FUNDAMENTAL LAWS OF MAGNETISM

If a bar magnet is pivoted so that it is free to move, figure 7, it will be observed that the north
pole of another bar magnet brought near to it will repel the north pole of the suspended
magnet but will attract the south pole. Also the south pole of a bar magnet will repel the
south pole of a suspended magnet but attracts its north pole. Figure 8. '

Figure 6 Figure 7

° 3! {w(%ﬂéw—c e cne, aﬂWathJ Cath ofies
¥ Cove foles g Wﬁ—{iﬂfod cathiale

These simple tests: venfy the following fundamental laws of magnetism - *
W/

Repulsion {(not attraction) is the test for permanent magnetism. If a magnet attracts another
substance, this substance may not be a permanent magnet of opposite polarity, but merely a
magnetic substance.

6. MAGNETIC FIELDS AND LINES OF MAGNETIC FLUX

The region immediately surrounding a magnet is obviously different from. other regions
because a mechanical force acts upon all magnetic materials placed in the region. This
region, where the influence of magnetism s apparent, is called the magnetic field.

The magnetic field may be regarded as everywhere traversed by what are called -
o B wdic Limeg

These lines are really hypothetical, that is, they serve to explain to us what would otherwise
be unexplainable. The mind would not grasp the idea of one substance acting upon another
unless through some intervening medium, or means of communication. Lines of magnetic
flux are regarded as the medium through which one magnet pole acts upon another.

South Western Sydney Institute of 7




Applied Electromagnetism (607 FH-="NUEQ45) - Section | - Magnets & Magnetism

Although the map of the field examined may give the impression that there is space between
the lines of magnetic flux, this is not the case; Tt must be realised that the magnetic effect
‘covers the whole of the area and that there are no gaps between the lines.

Figure 9 illustrates the map of the field of a horseshoe magnet. -A horseshoe magnet i§ a bar
‘magnet bent until its two. poles are brought near to-each other, the effect being to concentrate
the field in the small space between the poles.

Figure 9

Figure 10 shows the field produced when the unlike poles of two bar magnets are brought
near to each other.

8 | N@\ 8 N \F&

Figure 10

The fields are shown to interlink or comibine, resulting in a concentrated field which

produces a force of _ov¢ P D¢t between the two dissimilar poles.

This force of attraction is due to the characteristic of perfect elasticity of the lines of
magnetic flux which always tend to shorten themselves as-much as possible.

Unlike poles __~ep pf"-g ¢ one another.

ol
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As the lines of magnetic flux pass from N pole to S pole outside and $ pole to N pole inside
the magnet, they produce a S pole where they enter and a N pole where they leave the fron.

It will be observed, by reference to figure 12, that tlie_ pole of a magnet must always induce
in any magnetic substance such polarity that unlike poles are adjacent.

Therefore, attraction always exists between a magnet pole and a magnetic substance.

Repulsion can occur only between like magnet poles. This fact is utilised when it is desired
to test a specimen of steel to determine whether it is magnetised or not. If it is not
magnetised, each end of the specimen will attract each pole of a magnetic needle..

8. METHODS OF MAGNETISING

A piece of steel,. or other magnetic substance, is magnetised when it is brought into 2
magnetic field. This field may be produced by means of -

a permanent magnet or magnets, or
by a coil of wire carrying an electric current.

The methods of magnetising with permanent magnets are:

single touch method - the specimen of steel to be magnetised is stroked from end to
end several times by the same pole of a magnet and in the same direction; returning the
magnet clear of the specimen after each stroke to prevent demagnetisinig. The polarity
is determined by the direction of stroking and the pole of the magnet used; the end of
the material which the magnet leaves being of opposite polarity to the pole of the
magnet.

double touch method - of magnetising usually provides more uniform magnetisation,
In this method. the material to be magnetised is secured to the bench by wax, or it may
be parily embedded in a block of wax to prevent it moving. It is then stroked by two
bar magnets of equal pole strength. Dissimilar poles are placed together at the centre of
the specimen and both magnets. are simultaneously drawn outwards; the-magnets are
refurned clear of the specimen to prevent demagnetising, repeating the operation from
six to 12 times. It is observed that the intensity of magnetisation of the material
increases with each stroke for about six to eight strokes, after which any further
stroking will produce no additional magnetising effect.

horseshoe magnet - short specimens of magnetic substances may be conveniently
magnetised by placing them across the poles of a powerful horseshoe magpet. Gently
tapping the specimen, when in position, will increase magnetisation. It will be
observed that the N pole produced in the specimen is adjacent to the S pole of the
magnet.

.-South Western Sydney Institute of 11
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The TCS LCL ( T ) is-the SIunit of magnetic flux density.

The tesla is the flux density in 2 magnetic field when 1 Wb of flux occurs in a plane of 1m*.

That is,

One tesla = i T - 4 C’Jb/ 2
I

The relationship between flux and flux density is stated by the equation -

r:

5. ¥

e ————

P

where: B = the flux density in teslas
@ = the total flux in webers
A = the cross-sectional area in m?,

The flux density is frequently different from one point to another in the same magnetic field.
For example, in the case of the bar magnet in figure 13, the flux density is obviously greatest.
at points close to the poles of the magnet, or within the metal.

Figure 13

R
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11. MAGNETIC KEEPERS

When magnetic material is introduced info a magnetic field, the lines-of magnetic flux will
crowd into the magnetic material and in most cases will increase in number owing to the
reduced reluctance of the magnetic circuit.

An application of this principle is the employment of i {,} oy {an ‘ .
for permanent magnets, : ¥ Eﬁ-p@v

Keepers are small pieces of soft iron used to. complete an all-iron path between the poles of a
permanent magnet during storage. A keeper enables relatively strong magnetic flux to be
maintained in the magnetic circuit; this strong field enables the magnet to retain its.streng_th,

When not in use, bar magnets should be stored in pairs with unlike poles adjacent; preferably
apart with keepers forming links in the magnetic chain. See figure 14.

Figure 14

Magnetic keepers should be applied immediately -

® whenever permanent magnets are: removed from apparatus, for example, instruments
and magnetos,

® remagnetisation, as it is considered that a permanent magnet has a considerable decline
in strength immediately after being removed from the magnetising agent. In fact,

strong recommendation is advised in some cases for use of keepers before the magnet
is removed. from the magnetising agent.

South Western Sydney Institute of 15
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Name: | Practical 1

S

MAGNETS & MAGNETISM

PURPOSE:

This practical assignment will be used to- verify the basic magnetic laws, to examine the
effects of magnetic and non-magnetic materials on magnetic fields and to map the magnetic
fields of permanent magnets under various conditions.

TO ACHIEVE THE PURPOSE OF THIS SECTION:

At the end of this practical assignment the student will be able to:
® Use a magnetic compass to identify the poles of a bar magnet,
® Map the magnetic field of a bar magnet.
® Map the magnetic field patterns of permanent magnets under a variety of conditions.
® Examine the effects of magnetic screeriing,
® Examine the effects ona magnetic field by magnetic and non-magnetic matetials.

EQUIPMENT:
I3 1 x magnetic compass
[J 1 x magnetic field demonstration set - with round bar magnets, mild steel and brass rods
[J 2 x rectangular bar magnets
L1 1 x mild steel rings
[ 1 x resistance proportionality panel
[ 1x various materials - copper strip, mild steel strip, plastic strip
[J 1 x drawing pin %y
NOTE:

This practical segment is to be completed by students on an individual basis.

The time given per student is to be no longer than 40 minutes at the bench.

- REMEMBER -
- WORK SAFELY AT ALL TIMES -
observe correct iso_lati_on‘ procedures.

South Western Sydney Institute of ; 17
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2.

MAPPING MAGNETIC FIELDS

1.
Z

Shake the oil filled cortainer until all the iron filings are in suspension,

Place one of the circular magnets into the centre tube of the container, with the north pole

of the magnet to the lefi as shown in figure 2.

Allow the iron filings to seftle in the form of the magnetic field around the magnet.
Sketch the field pattern in figure 2.

Figure 2

Remove the magnet from the centre tube, then shake the oil filled container until all the
‘iron filings are in suspensioin.

Place the two circular magnets into the centre tube of the oil filled container, arranged as.
shown in figure 3, with unlike poles facing., Be sure not to let the. magnets touch one.
another.

Allow the iron filings to settle in the form of the magnetic field around. the magnets.
‘Sketch the field in figure 3.
N S N 5

Figure 3

Remove the magnets from the centre tube, then shake the oil filled containier until all the
tron filings are in suspension.

Place the two circular magnets.into the centre tube of the oil filled container, arranged as
shown in figure 4, with like poles facing.

Allow the iron filings to settle in'the form of the magnetic field around the magnets.
Sketch the field in figure 4.

South Western Sydiey Institute of 19
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3,

13. Repeat the procedure using a combination of one circular magnet and a brass rod,
arranged as shown in figure 6.

N S Brass rod

Figure 6

14, Do not proceed until the teacher checks your results and completes. the progress table.:

Progress. Table 2

attempt 1 | attempt 2 | attempt 3
A | B | ¢

FUNDAMENTAL LAWS OF MAGNETISM

L. Place two rectangular bar magnets approximately 100mm apart on the bench, as shown in
figure 7. The magnets must be arranged to have unlike poles facing.

.y

100mm ]
F ol

Figure 7

2. Move the magnet on the left towards the magnet on the right and note the effect as the
magnets get close to one another. '

3. Record your results in table 2.
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Applied Electromagnetism (6077H - NUE045) - Practical 1 - Magnets & Magnetism

3. MAGNETIC & NON-MAGNETIC MATERIALS

1. Place a rectangular bar magnet and a mild steel strip. approximately 100mm apart on the

bench as shown in figure 9.
v 100mm .
= |
N s

Material as specified —7‘

Figure 9

2. Move the magnet until it touches the steel, then move the magnet back to its original
position, Observe and record in table 4, the effect of the maghet on the steel stiip.

Table 4
‘Type of Material
_ Mild Steel Copper Plastic Wood
Effect Produced
By Magnet on the
Material

3. Repeat the procedure for each of the materials shown in table 4.

4. Please return al) equipment to its proper place.

6. OBSERVATIONS:

1. What is the magnetic polarity of the marked-end of a magnetic compass?

2. Is the magnetic _ﬁe_Id surrounding. a magnet three dimensional? Base your answer on
observations made during this practical assignment.

South Western Sydney Institote of 23




Tutorial 1

Please note the following requirements in relation to tutorial work -
® All tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled
together. Write on one side only of the answer sheets, and all work is-to be completed in
ink.
® In the case of multiple choice type questions, the question number and correspending
answer letter are to be written on the answer sheet.
® In the case of short answer type questions, the question and part number with your word or
phrase. choice is to be written on the answer sheet.
® All relevant equations and working are to be shown in the case of calculation type
questions.
SECTION A

In the following statements one of the suggested answers is best. Place the identifying letter of
your choice on your-answer sheét,

1. ‘Magnets are classified as either magnets or magnets.
(a) temporary, electro- %
 (b) electro-, induced
\/ (¢} permanent, temporary
(d) induced, temporary

2. Magnetic properties state that like magnetic poles
each other.

(a) repel, unlike; attract
/ (b) attract, unlike, repel

{c) repel, equal, attract

(d) repel, neutral, atiract

_each other, whilst poles.

-,

3. 'The north pole of a magnet is said to be:
(a) north repelling, repelling the earth’s north magnetic pole
/ (b} north seeking; seeking the earth's north magnetic pole
(c) south seeking, seeking the earth's south magnetic pole
(d) north repelling, seeking the earth's south magnétic pole:

4. A an example of a material which will have a magnetic field induced into it whilst under the
influence of an adjacent magnet is:
(a) copper
"(b) wood
, 7 {(c) softiron
(d) aluminivm T

‘South Western Sydney Institute of 25




_Applied Electromagnetism (6077H - NUE045) - Tutorial 1 - Magnets & Magnetism

For the following questions, cornplete the statements on your answer sheet with the word or _
hrase you think fits best.
p you thir ok - M

11

12.

13.

14,

15.

The laws of magnetism state that magnetic lines of force never ___ (a)___, theyare __ (b)___
and unbroken, thiey can be _(o)__ indefinitely, and ate said to flow exterpally from the
—.(d)___tothe “_3?\712 e aAaded

Neybe AL Gl d - BN VY
The greages_t concentration of flux in a magnet will be at the.  MTh ¢ £ L‘U‘J"\fw ;.
Laws of magrnetism state the__ (a)__ polestepel, and __ (b)___will __ (c) each other.

| Like el ” o d

List two materials that are; ‘ __" o benlivig o Cﬂﬂ‘fm 'f‘
(a) ferromagnetic T apre | NI CV?»EL

®) diamagneic ¢ pper cild

Reproduce. the diagram of figure 1 on your answer sheet using drawing instruments to
complete your drawing. Show the field pattern produced by the permanent magnet, and label
all magnetic poles.

Permanent Magpet

16.

17.

18.

19.

20.

Mild Stesl

Figure 1

If the piece of mild steel shown in figure 1 was removed from the influence of the permanent
magnet, would the mild stee] become completely de-magnetised? State the reasoning for your

ANSWET. Mo T1 goill ¢di RL concum Fevim e ~elickuod owegfrgf _Em.,,

Reproduce the diagram of figure 1 on your answer shest using drawing instraments to
complete your drawing, replacing the piece of mild steel with a piece of brass. Show the field

pattern produced by the permanent maguet; and label all magnetic poles.

el LC« e a-‘jmd.l"b' ((: LL{. X
Flux density is measured.in __ (a) _ and is a measure of the amount of ___ (b)Y _ for a

given___(©) . (aut civfor

Describe the precautions you should take when storing permanent magnets. Accompany your
answer with neat diagram, using drawing instruments to complete your diagram.

Describe what is meant by magnetic screening. _1’1 oo ) (Un-&"p ﬂ e")
a PGJK OF Loed” v agntlit. me (i (femen ) he avire o fr.
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Section 2

PURPOSE:

This section introduces magnetic fields associated with straight and coiled current carrying
conductors. Also, the magnetic ficlds associated with solenoids and electromagnets are
covered.

TO ACHIEVE THE PURPOSE OF THIS SECTION:

At the end of this section the student will be able to:
¢ Draw the magnetic field. pattern around a current carrying conductor and a solenoid,
©  Apply the Right Hand Conductor Rule and the Right Hand Solenoid Rule to determine.
the relationship between current flow and the resultant magnetic field.
® Draw the magnetic field pattern of two adjacent current carrying conductors.

® Describe the factors._.eﬁ'ecting_ the force between adjacent current carrying conductors
and state the direction in which the force will act.

®  List the factors that determine the field strength of an electromagnet.
® Define the term magnetomotive force and calculate its value.
® List practical applications for electromagnets.

REFERENCES:

Electrical Principles for the Electrical Trades. 4th Edition. Jenneson I R.
Pages 98-101.
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It should be noted that current flow in a conductor is represented by the. following
convention:
@ if the observer looks at a conductor end-on while the current is flowing away from

him, this is indicated by an X, as shown in figure 3.

current flowing towards the observer is indicated by a dot in the centre of the circle
representing the conductor, see figure 4.
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A current flowing in a conductor creates.a magnetic field which has a definite direction. The
direction in which the field acts can be determined using the right-hand conductor rule; see
figure 5, which states -

® Place the right hand with the palm on to the conductor and grip it.

® The thumb is outstretched and parailel with the conductor, pointing in the
direction of current flow.

® The fingers will now point in the direction of the magnetic flux.

Figure 5

It is thus possible not only to deiermine at any time the direction of the magnetic field if the

direction of current is known, but it is also possible to determine the direction of the current
when the direction of the magnetic field is known.
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i EEE,

The laws of parallel conductors carrying current may be summarised as follows -

® Parallel conductors carrying current in the same direction will (Ot e
one ariother.

® Parallel conductors carrying current in opposite directions will Siily -Q‘“}Y&L +
one another.

3. MAGNETIC FIELD OF A SOLENGID

Consider a current-carrying conductor bent into a single loop as shown in figure 8. g,

Y

~BAG
Py L&D

Figure 8

A number of hypothetical discs of magnetism have been drawn around the loop, and the
right-hand conductor rule applied to obtain their directions. It can be seen that all the lines of
magnetic flux produced. pass through the loop and all in the same direction, resulting in a
coneentration or crowding of the lines of magnetic flux in the space within the loop.

If a conductor is wound into severat loops the resulting coil is called a '§O.L€’¢r\.@ 1(]
Figure 9 illustrates a section'of a solenoid together with its resulting field.

Figure 9
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The strength of an electromagnetic field depends on three factors -
® the magnitude of the Cunr G.r-v{' ' flowing in the coil

¢ the number of tu"n"“ ¢ on the ¢oil
¢ the %C&ﬁf ;C'ﬁ-i used in the-_qore.

The greater the current flowing in an electromagn‘et_, the Q(Yfm}ﬁ"( the
strength of the field produced.

Each time a turn of wire is added to a coil more lines of magnetic flux are concentrated into -~
the space within the coil; producing the effect of a combined field whose strength is '
equivalent to the sum of the separate loops or turns.

The field strength of an electromagnet is {_l)’w.()c-ﬁ ‘l Loy Q to the number
of tums of wire in thecoil.

It has already been stated that lines of magnetic flux pass more readily through a magnetic
substance than they do through air, therefore it is possible to increase the strength of the field
of a coil very considerably by using a magnetic cote. Many materials may be used for this

purpose; their usefulness being determined by their reluctarice.

The QMuM@v —. the reluctance of the magnetic. core, the stronger the TS
magnetic field for a given current and number of turns, :
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6. APPLICATIONS OF SOLENOIDS & ELECTROMAGNETS

Practically all the intense fields of electrical machinery are produced by electromagnets.
There is wide use of electromagnets for providing the mechanical force required to operate
various kinds of mechanism,

Three principal types of electromagnets are used -
L 3 ’ . M .
® the C‘CU’\;G,L{ CD Clz""'m‘m'ﬂ-t;g,_r_'pe - in which the electromagnet attracts an armature

to which the mechanism is attached, for
example, a relay or a contactor.

® the P WW type- in which the coil surrounds a sliding plunger
which is drawn into the: coil, when the latter is
energised.

¢ the .i’“dﬂﬂhm type- in which the clectromagnet poles attract
magnetic material for transportation purposes.

The tractive type of electromagnet is used in such apparatus as buzzers and electric bells,
They are also widely used for the operation of contactors and relays for a'variety of purposes
requiring the automatic opening and closing of cireuits.

Figure 12 illustrates a typical relay. If the operating coil 'i_s-energi_s_gd,. a magnetic field is
established across the airgap and the ammature is attracted to the pole-piece of the magnet
core, thus bringing the contacts together.

Figure 15
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Applied Electromagnetism (6077H - NUE(4 cfion 2 - Electromagnetism

The case or shell of the electromagnet is of high-guality magnet steel and is provided with
suspension lugs for the supporting chains. The coil windings are contained in a ring-shaped
cavity in the shell and are retained in position by a non-magnetic plate of manganese stee].

Very powerful forces can be developed in electromagnets of this type, lifis of from 7
kilograms to 14 kilograms per square centimetre of pole face being quite commion.

It shoul_‘d-be u'nderstop’d,-_ however, that the electr‘orna‘g_net' itself does n_o_t'_ Lift, it merely acts as
@ holding device. The actual lifting is done by the machinery which operates the chains
attached to the suspension lugs:

Other applications of the electromagnet similar in their principle of operation to the lifting
magnet, are:
® the magnetic chuck employed for holding the work on the faceplate or table of
machine tools to avoid the use of clamps during the machining operation;
® the magnetic clutch used for coupling the driving and driven shafts in power
transmission work;
® magnetic brakes in which the brake-shoes are held against a brake drum;
® the magnetic separator used for sorting iron and steel from other material.

A typical DC crane brake is illustrated in figure 16.

Figure 16
The operation of the brake is as follows -

When the supply voltage is switched OFF to the lifting motor, the brake is applied
immediately. The coil winding of the brake is connected in parallel with the motor. When

the supply 1s disconnected from the motor the coil loses its magnetic field and a heavy spﬁng__

applies the friction brake immediately.
When the supply voltage is switched ON again the magnetic aftraction set up by the coil

pulls on -a lever, the action drawing the shoes away from the drum and compressing the
spring,

RS\
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Name: v Practical 2

—LECTROMAG NETISM

PURPOSE:

This practical assignment. will be used to verify the basic magnetic laws associated with
solenotds and electromagnets.

TO ACRIEVE THE PURPOSE OF THIS SECTION:

At the end of this practical assigniment the student will be able to:

® Use a magnetic compass to identify the poles of an electromagnet,

® Map the magnetic field of an electromagnet.

® State the effect on the magnetic field produced of varing the number of turns on a
solenoid.

® State the effect on the magnetic field produced of varing the current flowing in a
solenoid.

® Examine the effects on the maguetic field of an electromagnet by magnetic and
non-magnetic. materials.

EQUIPMENT:

1 x DC power supply

1% 0-1A DC ammeter

1 x magnetic compass

1 x Iength of 16mm PVC conduit.

1 x length of 25mm PVC conduit

2 x metal rods - 1 x mild steel strip and 1 x brass
4mm connecting leads

O00CO0o00

NOTE:
This practical segment is to be completed by students on an individual basis,

The time given per student is to be no longer than 40 minutes at the bench.

- REMEMBER -
- WORK SAFELY AT ALL TIMES -

observe correct isolation procedures

South Western '-'Sydnc},_{ Institute of 41
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Applied Electromagnetism (6077H - NUEQ45) - Practical 2 - Electromagnetism

Adjust the power supply for minimum output voltage.

Turn on the power supply, close the circuit switch and then adjust to give a circuit current
of 0.2A.

Open and close the circuit switch, observe. any effect on the compass needle when the

switch is closed. Note, this step-may need to be repeated several times in order to observe
the effect.

Record your observations in table 1.

Table1
N _ Effect on Compass Needle
024 | 04A 0.6A 0.8A 1A
Single Layer :
‘Solenoid

10. Repeat the procedure for each of the current values shown in table 1.

11. Do not proceed until the teacher checks your results and completes the progress table.

2. THREE LAYER SOLENOID

Progress Table 2
attempt 1 | attempt 2 attempt 3

A B C

1. Construct a three layer soléhoid using a piece of 25mm PVC conduit as a former.
2. Each layer of the solenoid should be 40 turns,

3.
4

Tape the ends of the solenoid with masking tape to prevent the coil from unwinding.

4. Mark the start of the coil, then strip the ends of the wire and connect to the terminal

block.

Connect the circuit as. shown in ﬁgure 3. Note: Be sure to connect the coil so the start of
the coil is positive,
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12. Replace the brass rod with a mild steel rod and repeat steps 6 to'8.

13. Record which end of the com

south.

4. Record your observations in table 3.

pass-needle is attracted to the electromagriet, that is, north or

1mild steel core

Table 3
Effect on Compass Needle
B o End of compass
0.2A 0.4A. 0.6A 0.8A 1A needle atiracted
Three Layer
Solenoid

Reversed
Polarity
Three Layer
Solenoid
mild steel core

15. Reverse the polarity of the coil connections and observe the effect on'the compass needle.

16. Do not proceed until the teacher checks your results-and completes the progress table.

Progress Table 3

attempt 1

attempt 2

attempt 3

A

C

South Western Syéney Institute of
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Winding start -\h
= ’

_—
Current:

Figure 6

8. Please return all equipmerit to its-proper place, safely and carefully.

4. OBSERVATIONS:

Ts

Does the number of turns on a sotenoid effect the strength of the magnetic field produced

by the solenoid?

Does the magnitude of the current flowing in a solenoid effect the strength of the
magnetic field produced by the solenoid?

What effect did the brass rod have on the strength of the magnetic field produced by the
solenoid?

.......
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Tutorial 2

Please note the following requirements in relation to tutorial work -

° Al tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled
together. Write on one side only of the answer sheets, and all work is to be completed in
ink.

® In the case of multip‘le_ choice. type questions, the question number and corresponding
answer letter are to be written on the answer sheet:

© In the case of short answer type questions, the question and part number with your word or

phrase choice is to be written on the answer sheet.
® All relevant equations and working are to be shown in the case of caleulation type
questions.
SECTION A

In the following statements one of the suggested answers is best. Place the identifying letter of
your choice on your answer sheet.

1. The magnetic field surrounding a single current carrying conductor is:
(a) circular and indépendent of the direction of current flow

/ (b) circular and dependent of the direction of current flow
(¢) axial and independent of the direction of current flow
(d) axial and dependent of the direction of current flow

2. The direction of the magnetic field around a single current carrying conductor can be
determined by:
(a) Fleming's right hand rule
(b) Fleming's left hand rule
(c) the right hand conductor rule
{d) the right hand solenoid fule

3. Inasingle current carrying conductor, current fiowing towards the viewer can be shown by a
, whilst current flowing away from the viewer canbe showr bya
(a) cross, dot
(b) cross, asterisk
(c) dot, asterisk
" {d} dot, cross

4. If two single current carrying conductors adjacent to each other have currents flowing through
then in opposite directions; then a/an force exists between the two coils.
(a) attraction
/ (b) repulsion
(c) magnetomotive
(d) inductive
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11.

12.

13.

14.

For the circuit of figure 1, deterrine which end of |
the electromagnet will be the north pole. e T

(a)
o
2

I

Figure |

For the circuit of fi gure 2, determine which end of _
the electromagnet will be the north pole ‘ -
T h p

5

For the circuit of figure 3, determine which end of _ -
the electromagnet will be the north pole N

Figure 3

Two paralle] conductors have currents flowing through them in opposite directions. Draw a
sectional view of the two conductors, and show the following: - :

(2) the relative current directions in each conductor;

(b) the correct magnetic field around each conductor;

(c) the resultant magnetic field of the two conductors. together;
(d) the direction of the force exerted between the conductors,

SECTION C

The following problems are to be solved with the aid of a calculator. Any working for a problem
is to be fully shown. Whete a problem involves calculating for circuit conditions, a neat and fully
labelled circuit diagram (if not provided) is to accompany the ‘question. Answers are. to be
expressed in the appropriate multiple or sub-multiple.

1.

A coil of 120 turns has a current of 250mA flowing through it. Deterniine the magnetomotive

fon> N T = "lf.Dﬂ 1?011_83 2. 369X |ue X
I the power supply for question 1 has a current timitation of 120mA, how many turns must 30

force produced by the coil. (30A1)

the coil be varied by to maintain the same magnetomotive force? (Add 130 turns} AT

; ez nxinowwda ~va Soxwed /e 150

How much current must flow in a coil of 1000 turns to produce a magnetomotive force of hotdf
125A12 (125mA) ' :

F%”?- N ']_S = iOQ{)-y‘ X 3 1_;_ Qflf A’V‘f
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Section 3

L

PURPOSE:

This section introduces the relationship between magnetomotive force, magnetising' force,
flux density, permeability and reluctance in magnetic circuits, Also, calculatlons involving
these quantities will be covered.

TO ACHIEVE THE PURPOSE OF THIS SECTION:

At the end of this section the student will be able to:

® Describe‘and draw the magnetic circuit,

® Describe the term reluctance and how it effects the flux established in a magnetic
circuit.

@ Describe the relationship that exists in the magnetic circuit between magnetic flux,
magnetomotive force and reluctance.

e Describe: permeability and explain the terms permeability of free space and relative
permeability.

e Explain what is meant by flux density and state how it is affected by flux and
cross-sectional area.

® Describe magnetising force and state its unit of measurement.

® Calculate values of magnetomotive force, magnetising force, flux density,
permeability, reluctance and total flux in.a magnetic circuit.

REFERENCES:

Electrical Principles for the Electrical Trades. 4th Edition. Jenneson J.R.
Pages 101-104,

T,
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Name: Practical 3

THE RELAY

PURPOSE:

This practical assignment will be used to examine the operation of the electric relay.

TO ACHIEVE THE PURPOSE OF THIS SECTION:

At the end of this practical assignmient the student will be able to:
® Connect an electric relay using a circuit diagram as a guide
®  Describe the operation of the electric relay.
® Experimentally determine the pick-up and drop-out voltages and currents of a relay.

EQUIPMENT:

[7 1 % DCpower supply

(0 1x0-2V DC voltmeter

0 1x 0-50maA DC ammeter
Ll 1 x relay panel

[ 4mm connecting leads

NOTE:
This practical segment is to be completed by students on an individual basis.

The time given per student is to be no longer than 40 minutes at the bench.

- REMEMBER -
- WORK SAFELY AT ALL TIMES -

observe correct.isolation procedures
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Applied Electromagnetism (6077H - NUEG45) - Practical 3 - The Relay

7.

Do not procee

P d uiitil the teacher checks your results and completes the progress table.

Progress Table 2

attempt 1

_attempt 2.

attempt 3

A

B

C

2. RELAY PICK-UP and DROP-OUT VALUES

I:
2.

3. Slowly increase the su

Adjust the power supply to. give minimum output,

Turn on the power supply,
the volimeter indicates 2 volt
{lit ornot lit) in table 1.

Table 1.

Supply Voltage

Coil Current

LED Condition

AY

pply voltage whilst observin
whiich the LED just turns on in table 2. Record the coi

Table 2

Supply Voltage

Coil Current

LED Condition

ON

close the circuit switch and adjust the power supply such that
8. Record the current taken by the ¢oil and the tondition of the LED

g the LED. Record the voltage at
| current at this voltage,

Repeat this step to check
accuracy. of results,

4. Increase the supply voltage to 12V. Record the coil current and'the LED condition.

Table 3

Supply Voltage

Coil Current

LED Condition

12v

South Western Sydney Instifute of
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Applied Electromagnetism (6077H - NUE045) - Practical 3 - The Relay

2. Answer true or false to each of the following statements.

Allowing for experimental error, the resistance of the relay coil -

(a)
(b
(©)
(d)

increases in proportion to the applied voltage

_________

decreases as the magnetic field strength increases

remains unchanged regardiess of change in‘voltage

changes when the relay 'picks-up'

3. Answer true or false to each of the following statements,

When electric current flows through the coil of a relay -

(@)
(b)
{c)
@

the coil will usually overheat

amagnetic field is produced

the magnetic field strength is proportional to the current

the: magnetic field strength is proportional to the applied voltage

4. If the voltage applied to a relay coil is gradually increased, a voltage value is reached
(called the 'pick-up voltage’) where the magnetic field is strong enough to overcome the

spring tension and pull the armature towards the coil, thus operating the relay contacts.

The relay is now said to be energised.

@)
(b)
()
(d)

The pick-up voltage of the relay used in this experiment was
The relay will energise provided that coil current is at least

The rated coil voltage for the relay used in this experiment was

The relay pick-up voltage was (greater than/less than/same as) the rated coil

voltage.

5. Ifthe voltage applied to the coil of a relay is gradually reduced, a voltage value is reached
-(called the drop-out voltage) where the spring tension on the armature will overcome the
weakened magnetic figld of the coil, and the relay will de- -energise causing the relay
contacts to revert to their normal state,

(a)

(b} Therelay will de-energise if the coil current is decreased to less than

The drop out value of the relay used in this experiment was

South Western Sydney Institute of
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Tutorial 3

Please note the following requirements in relation to tutorial work -

® Al tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled

together. Write on one side only of the answer sheets, and all work is to' be completed in
ink.

® In the case of multiple choice type questions, the question number and correspondmg
answer letter-are to be written on the answer sheet.

® In the case of short answer type questions, the question and part number with your word or
phrase choice is to be written on the answer sheet.

© All relevant equations and working are to be shown in the case of calculation type
questions.
SECTION A

In the following statements one of the suggested answers is best. Place the identifying letter of
your choice on your answer sheet.

1. The magnetomotive force produced by a coil depends on:
(a) the number of coil turns and the length of the magnetic circuit
{(b) the coil current and the C.S.A of the magnetic core
~(¢) the length of the magnetic circuit and the core reluctance
(d) the number of coil turns and the coil current

2. The flux set up by a coil depends on the
core:

o (a) mmf, reluctance
(b) magnetising force, C.S.A.

produced by the coil and of the iron

(c} minf, magnetising force
(d) mmf, flux density

3. The flux surrounding a coil is to the coil current and to the reluctance of the

-COTe.

(a) proportional, proportional

(b) inversely proportional, inversely proportional
" (¢) inversely proportional, proportional

(d) propottional, inversely proportional
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Shm"’i”

13, The best size and shape for a magnetic core would be one with a_" (a) _ lengthand alarge

—b)__¢ Sm

14. Neaily reproduce (or cut and paste) ._the-diagr_am of fi gure 1 on your answer sheet, then label

those parts-identified with an arrow.

SECTION B

The following problems are to be solved with the aid of a calculator. Any working for-a problem
1s to be fully shown. Where a problem involves calculating for circuit conditions, a neat and 'full_y
labelled circuit ‘diagram (if not provided) is to accompany the question. Answers are fo be
expressed in the appropriate multiple or sub-multiple,

1.

4.

: L
- Determine the current flowing in a coil of 600 turns which produces a magnetising force of
2000 At/m in a core 150mm long. (500mA) Fi~60 2 ik 200 ATI L 1foomm m ™

A coil 0of 150 turns has a current of 3.5A flowing through it. Determine the magnetomotive
force produced by the coil. (525A1) (:‘m ~ MT

Determine the flux produced by a coil of 1000 tuins when 1.5 amperes flows through it. The
reluctance of the magnetic circuit is determined to be 45 000At/Wb. (33.3mWb) f - NI

i

Tlone, 7 o j-< e | | V2 i,
Determine the current that mus{ fl¢w through a coil of 1500 turns to produce a flux of
15mWhb. The reluctance of the magnetic circuit is determined to be 5 000At/Wb, (C.05A)
MEen ) il b % R -, T xR N
Determine the flux density at the poles of an.electromagnet which produces 2 flux of 15mWh
if the area of the poles is 200mm” . (75T) 8~ % - w3
- S Ny . A TABG (00
A magnetic circuit has a core area of 250mm? and a flux density of 2T. If Hie reluctance of the
core is 60 000 At/'Wb, determine the current flowing through the coil of 600 turns. (50mA)
TRA 5 LA UelioT fom R~ T = finf
An electromagnet has a core length of 400mm, is wound with 2000 turns and carries a coil _
current of 200mA. Determine the magnetising force of the magnetic circuit, (1000Atm) [raz?
2 haneer, MNP Ngas L7 Loomp A (bnap Thore - 5 = 1

| L T Lprirnnty ) (= HTIL
A magnetic core is 300mm long with a cross sectional area of 50mm” and has a permeability
of 125.7%10°". Determine the refuctance of the core, (47 732 AYWD)  p o ot
For the circuit of figure 2, determine t_he(e"" .5 _/'“F 2 F= 118 L3300mm
coil current for the conditions shown. : x
(625mA)

L

CUYTOUTUD -

D=250mWb

N=2400

DO/ DN AN

N Lgnd =2 L. | Core:length = 150tm

C.S.A = 250mm? .
Permeability = 100x10"

g . . Figure 2
(oo po Uome ™ pn fopw 3

'
S iavxwazf'?S'OC;'!OgJ ¢, NT Lijon & J
Con
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@ Section 4

S

IATERIALS & MAGNETISATION CURVES

PURPOSE:

This section will be used to compare the magnetic charactetistics of various materials and to
explain the terms ‘saturation’, ‘hysteresis' and Tosses', Also, the magnetisation or B-H curve is
covered.

TO ACHIEVE THE PURPOSE OF THIS SECTION:

At the end of this section the student will be abie fo:

Draw and explain typical magnetisation curves for magnetic and non-magnetic
materials.

Draw and explain typical hysteresis loops for magnetic materials.
Describe the meantug -of the terms saturation, h-_ysteres_is' and losses in relation to
magnetic materials and circuits,

Compare the magnetic characteristics of various materials from magnetisation curves
and hysteresis loops.

Describe how magnetic losses occur and the resulting effects on the performance of
electrical machines.

REFERENCES:

Electrical Pi‘inciple_s for the Electrical Trades. 4th Edition, J enneson J.R.
Pages 97 and 104-107.
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2. THE MAGNETISATION CURVE

In section 2 it was stated that when a core of magnetic material is introduced into a solenoid
the flux density is increased because such materials are better than air as carriers of magnetic
flux.

The graph showing the relationship between magnetising force and the flux density induced
within the material is called the magnetisation curve for that material. The graph is also
called the B-H curve. The arrangement of the axes for the B-H carve is shown in figure 2.

A

Flux Density - B
Tesla

k4

Magnetising Force - H.
At/m

Fig}.lre 2

3. MAGNETISATION CURVE FOR A NON-MAGNETIC MATERIAL

The relative permeability for all non-magnetic materials. is . Therefore, the
permeability for all non-maguetic materials is a constant,

For mon-magnetic materials, flux density is to the
magnetising force..

o

Therefore; the relationship between flux density and magnetising force is _
The magnetisation curve for air and all non-magnetic materials is shown in figure 3.

A

Flux Density - B
Tesla

//’

Magnetising Force - H T
Abm
Figure 3 o
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Applied Electromagnetism (6077H - NUE045) - Section fals & Magnetisation

As shown in figure 6, when the point “R” is passed, small increases in magnetising foice (H)

produce large increases in flux density (B). However when the point labelled “S” is passed’

the: flux density increase is very much reduced; large increases in' magnetising force are
required to produce even small increases in flux density.

The point “S™ is called the, of the magnetisation curve.

The section beyond “S™ is called the - _ of the cuive
since the magnetic circuit is saturated in this range.

It is not vsual to work the magnefic circuit so that it is hi_ghly saturated because too much
maghetising force is required to produce the additional flux density. The flux can be
increased after the “knee” of the curve but it is generally uneconomical,

A number of curves for typical materials is shown in figure 7. The curves have been plotted
for -

@ cast iron
® mild steel (that is wrought iron)
® cast steel

® silicon sheet steel - a special steel used in the'manufacmre of electrical equipment such
as transformers, motors and generators.

2.0
1.8 — B
g knased e L e
g yﬂnr\m“ & ﬁ""&;w‘ﬁl ]
" g Py JE———
] /____,—-- " stEe\
£ : Silicon
é""".
1.4 7
o |/
Z | / /
2 3
o & 10
a & [ /
B : "]
E 0.8 ' | el -
e ‘ I . ,,--"'""'——F.—' Cast WY
0.4 /J
0.2, /

'0'0. 1000 2000 3000 4000 5000 6000 000 BOOO
Magmetising Force - H
At/mi
Figure 7

Electrical equipment is nommally designied for its magnetic components. to operate in the
linear pottion of the eurve, that is, in the region from the origin of the curve to the knee.
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5. HYSTERESIS

It has been shown that the magnetisation curve of an Origin'al'ly completely demagnetised
piece of ferromagnetic material follows the B-H curve shown in figure 9, which starts from
zero through the knee into the saturatiofi region.

A+B

v -B
Figure 9

If the magnetising force is reduced in such a sample after a point on the magnetisation curve

has been reached, the flux density drop within the sample will not follow the same path (that:

is the B-H curve) along which it had increased, but it will follow 2 curve above the original
B-H curve. It is found that when the magnetising force is cotnipletely removed, some flux
density in the sample still rermains. See figure 10.

The amount of this remaining magnetism is called the RE Gt CEM-J _.__ magnetism.

A B

{r -B

Figure 10
If the direction of the magnetising force is now reversed (the direction of the current through
the exciting coil is reversed) and gradually increased from zero to the previously achieved

maximum value, but in a reversed direction.

At a certain stage, this negative magnetising force will completely overcome, that is cancel,
the remanent magnetism in the sample.

The amount of magnetising force to do this is called the CoexCive force..
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‘When following the hysteresis curve in ﬁgute 13, some of the domains remained aligned
thus creating remanent or residual magnetism. They have to he jumbled up again and then
realigned in the opposite direction and so on.

A-+B

>+

v -B
Figure 13

ik

Clearly, a certain amount of work must be done to align the domains into a uniform direction
for. each reversal of the polarity of the magnetic field and thus for every time a complete
hysteresis loop has been traversed.

‘This work is called the. HE} Cteae G\ of a material.

It is called a loss because there is no-useful return for the energy spent on each reversal of
direction of the magnetic field.

Figure 14 shows the hysteresis loop for soft iron, ane type of which is silicon sheet steel.

The following characteristics of the material can be identified from the hysteresis loop -

AR © The area within the loop is small, this indicates the
hysteresis loss is St :
: f
/7 ® The residual magnetism is Smaﬁk
-H o ' » +H

: / 5 > 4 .
/ @ Soft iron is not suitable for el ('erc‘f ¢ L/V. oreg (AL )

 Used. in applications where the magnetic field has
to undergo a large number of reversals per second.

v -B

Figure 14
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Materials & Magnetisation

When only a portion of 2 generated magnetic flux reaches its intended destination or use, the
portion of the flux which is being lost in the process is deemed to have “leaked™ away and is

therefore called the - ;
Leasiae [y X

Useful and leakage flux are shown in the magnetic circuit of figure 17. The effect of a
number of ampere-turns is wasted in producing the leakage flux, which will not reach the air
-gap where it is required.

-Applied Electromagnetism (6077H - NUE(45) -

7. MAGNETIC LEAKAGE

: d "

A D

b P

E ++ p D
—rk =] S

= + r—

pr v]

f -

4

Figure 17

8. MAGNETIC FRINGING

The magnetic flux through an air gap, because of the repulsion between magnetic flux lines,
will tend to bulge out at the edges of the air gap, as shown in figure 17. This is called
magnetic fringing and its amount is a function of the Jength of the air gap.

Magnetic ﬁingiﬁg,-'in effect, increases the area between pole faces and consequently reduces o
the average air gap flux density.

& ek b ok ol sl s s Aok e sk ik ikl el ok

“South Western Sydney Institute of 83



Name:

Practical 4

THE MaGNETISATION CURVE

PURPOSE:

This practical assignment will be used to examine the magnetisation curve of a DC
generator.

‘TGO ACHIEVE THE PURPOSE OF THIS SECTION:

At the end of this practical assignment the student will be able to:
¢ Connect a DC generator using a cirenit diagram as a guide
® Carry out a test to-determine the magnetisation curve for a DC generator.
© Plot the magnetisation curve for a DC generator.

EQUIPMENT:

1 X variable DC power supply

1 x Betts DC compound machine

1 x Betts single phase prime mover

1 x Betts machirie bed to accommodate two machines
1 x digital multimeter

1 x 0-2A analogue DC ammeter

4mim connecting leads:

oooooang

NOTE:
This practical segment is to be completed by students on an individual basis.

The time given per student is to be no longer than 40 minutes at the bench.

- REMEMBER -

- WORK SAFELY AT ALL TIMES -
observe comrect isolation procedures

South Western Sydney Institute of ' 35
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Applied Electromagnetism (6077H -

9. Reduce the field current to 1.4A, then measure the

voltage value in table 1.

10: Repeat the procedure for each of the values of Held current shown in table 1.

generator output voltage. Record the

11. Do not proceed until the feacher checks your results and completes the progress table.

12. Tum the DC power supply and the prime mover off,

Progress Table 2

attempt 1.

at_terhth

attempt 3

A

B

C

13. Please return all equipment to its proper place, safely and carefully.

1. OBSERVATIONS:

1. What effect did increasing the magn
generator?

etising force have on the output voltage of the

2. What effect did decreasing the m
generator?

agnetising force have on the output voltage of fhe

3. Were the generator output voltages the same when the field current was decreased as

‘compared to when the field current was increased? If not, what caused the difference?

South Western Syd

ney Institute of
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- fxppli"ed Electromagneiism (6077H - NUE045) - Section 1 - Magnets & Magnetism
1. NATURE OF MAGNETISM

It was common knowledge among ancient people that certain iron ores had the property of
attracting other pieces of the same ore. This iron ore (Fe,0,) was found near Magnesia in
Asia Minor and was called magnetite. The words magnet and magnetism are derived from
the word magnetite; the iron ore is referred to as a magnetic substance,

It is historically recorded that the Chinese as far back as 2634 BC, used pieces of iron ore in
a crude device for the navigation of ships. These pieces of iron ore are now referred to as
natural magnets, that is, magnets found in nature, or lodestone.

As shown in figure 1, if'a'piece of lodestone is dipped into iron filings, the filings picked up
will be concentrated in two regions at opposite ends of the stone. The attraction is obviously
greatest at these two places which are called the poles: of the lodestone. If the lodestone is
freely suspended, it will come to rest with the line joining its poles approximately north and
south. See figure 2.

Long thin
piece of
lodestong

F:lmgs concentrated at

Figure 2

A bar of iron, or steel, if stroked by one of the poles of a lodestone also acquires the same
powers as the lodestone, and the bar in tum can impart these properties to other bars of iron

or steel. ’%
A body possessing the attractive and directional propertiés of a lodestone is called a o
anedi WW-Q o &C;moﬂ . and these properties are said to be due to m\u\({ A1 S o0

Magretism is involved in the operation of a very large proportion of electrical apparatus, and
an understanding of the principles of magnetism is very essential to the student of electricity.

As with e]eCt’r"ici_ty, knowledge of the exact nature of _magneti.sm is-incomplete, but recent
research-has'been able to build upon. the toundations laid by such men as Gilbert, Qersted,
Ampere, Arago, Faraday and Coulomb to provide a much more definite idea of magnetism.

However, before atternpting to provide a more complete definition of the term magnetism
the further properties of inagnets and magnetic substances shiould be considered.

g ' ' South Western Sydney Institute of




Applied Electromagnetism (6077H - NUE045) - Section 1 - Magnets & Magnetism @

Permanent magnets are manufactured. in a variety of forms, the most common being the bar
magnet and the horseshoe or U-shaped magnet. Figure 3 shows examples of each type.

Figure 3

3. MAGNETIC MATERIALS

A magnetic material is a substance that can be magnetised, and therefore it can also affect a
magnetic field. A non-magnetic material has neither of these properties.

A magnetic material has a high P CA!W“‘Q&W fad‘j (or low resistance to lines
of magnetic force) and is therefore a good conductor of a magnetic field. The symbol for
permeability is the Greek letter mu

Permeoved erng it

Substances that have a high permeability are called ——
They include -
= ¢ iron } - :
S ] INOst common
® ferrite
¢ gteel
® nickel
® cobalt
® .alnico.

Non-magnetic materials have a permeability of one. They include -

e aw
e wood
e plastic
@ water
©  paper
e e cloth fabrics.

4 . Sauth Wes_tcrﬁ_.Sydney Institute of
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Applied Electromagnetism (6077H - NUE045) - Section | - Magnets & Magnetism m

e

If a bar magnet is suspended or pivoted in such a way that it is free to turn, as in figure 5, it
will point in a north-south direction. The same end of that magnet always points in the same

direction
5
Fs Figure 5
The pole which is attracted towards the North-mangetic pole of the earth is called the -
}‘{ C"(h\ pole of the magnet.
The other pole of the magnet is the Soehn pole, because it

is attracted towards (seeks) the South-magnetic pole.

The correct terms of north-seeking pole and south-seeking pole are usually abbrevidted to
north pole and south pole respectively.

Every magnet has two poles, a north pole and a south pole: Single, that is isolated, magnetic
poles do not exist. If a bar magnet is cut into smaller pieces, it will be found that each of the
pieces becomes a smaller magnet with a north and south pole.of its own. This is shown in
figure 6.

Figure 3
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=
These lines.of magnetic flux, though hypothetical, have certain well-defined characteristics
or distinguishing methods of behaviour -
. e A _ , o . 'E
e theyare _ & Fovee q(:‘fp_f{‘j Ao qpegj {ia d {) ‘f\/:j g(fd ML/LLLL%
° theyhavea¥ * de picted  of QLM\’?J A oL p[,(,‘we T}\mi‘cqmr{aﬁw

For convenience, it is considered that the lines pass from N to S outside the magnet, OF
and from S to N inside the magnet, this being the direction in which a free N pole { ’“4‘&/@ o ;
would move if brought into that field. T

Lo viC
® lines of magnetic flux _ &€ il d 'JQL‘LU»H?() ZO o OWP,LPJmmd .,3;4_ Ch tngp
They may be distorted or bent to any shape, but they do not intersect each other. ¥iCid No lg '
ole,
® the lines are : s Cﬂ-ar‘d&) /
They may be extended to any length, or contract and vanish when the magnetising . p'”"% (WJ /
agent is removed. _ /) GQ__ 7

e the lines pass e S W&f&( Z through any non-magrnetic substance,
such as copper, silver, wood, and glass.

Many of the characteristics of the lines of magnetic flux of a magnetic field may be
examined by means of a sectional map of the field along a definite plane.

Figure 8 shows the map of the field of a bar magnet and if it is examined carefully it will be
noticed the lines of magnetic flux appear to come from, or crowd to, points near the ends of
the magnet. These points are the poles, one a north pole and the other a south pole.

It sometimes occurs that a bar may become irregularly magnetised, resulting in more than
one pair of poles; the additional poles being called consequent poles.

The, ”“”qm@{]r(' Mewdy (AQ 1s located approximately midway between the
poles and, as its name implies, is that part of the magnet not possessing the property of
magnetism. At the neutral zone all the lines of magnetic flux are traversmg the magnét, and
it is only when the lines leave the magnet to pass through air, or other non-magnetic
substances, that poles are produced, a north pole occurring where the lines leave the: magnet
and a south pole where they enter it
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Figure 11 shows the field produced when two similar poles are brought near to each other.

\

Figure 11
( In this case the fields are in ~t Qulf.t\ onn ,-and since lines of magnetic flux

do not cross each other, the field is distorted out of its true shape Considering again the lines
- as tiny elastic bands, some force miust be exerted upon them to produce distortion. )

Since action and reaction are equal and opposite, this force reacts upon the magnet, resulting

in

Like poles ol yog one another.

7. MAGNETIC INDUCTION

Consider 2 magnetic substance, such as a specimen of soﬁ iron brought within the field of a

= magnet, figure 12. B
Figure 12
The iron will provide for the lines of magnetic flux a much easier path than air, and there
o will be as.a. consequence a conicentration of lines in the iron.
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9. RESIDUAL MAGNETISM, RETENTIVITY AND RELUCTANCE

If specimens of hard steel and soft iron are each magnetised to the same degree, it will be.
'observed that the soft iron loses practically all its magnetism when the magnetising agent is
removed. The soft iron will quickly loseits remaining magnetisim, especially if subjected to
vibration, such as knocking with, or against, a solid substance.

Hard steel is more diffieult to magnetise and retains practically all its magnetism when the
magnetising agent is removed; even when subjected to vibration or knocking,

The magnetism remaining after the magnetising agent is removed is called e :cﬂu_J

magnetism.
. w\u}mﬁ‘ s
Thus the _O€§; i/ of soft iron is very low when compared with hard steel.
That is -
The higher the o an‘"pj' ¢ the h ‘3 b~ the residual magiietism
£eid Goen)s

All materials offer some opposition o being magnetised and the term used to describe this

opposition is magnetic___ Y€ Liststome

The greater the ’\’@[& (Tevnco  the d it is to magnetise.
hovde,,

10. MAGNETIC FLUX AND FLUX DENSITY

The total lines of force in a magnetic field are referred to as the magnetic flux (symbol @},
and the flux per unit cross-sectional area of the field is tefmed the flux density (symbol B),

othex
The (Wb (b ) is the ST unit of magnetic flux.

One weber=_26IB = 10° lines of force,

(
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Example: 1

«. Thetotal flux emitted from the pole of a bar magnet in figure 13 is 2 x 10"*Wh.
{a) If the magnet has a cross-sectional area of 100mm?’, determine the flux density
‘ within the metal,

(b) If the flux spreads out so that at a certain di stance from a pole it is distributed over
an area of 400mm’, find the flux density at that point.

J B ~4

3>—~= _Z X% = ULXIe g0

- loo (i0”J)" fon x(5 © &5 Y

Q;i 2o Lxlo = - =2 T
R é{na_.(.jZ)'g}L .ﬂ = O {

Example: 2

Determine the flux density within a magnet liaving a cross-sectional area of 900mm? if the
total flux is 18uWh.

-‘é A —
£ ‘:_ l = 4 = D = X —
' Py - [ =31 : Ll -& {
m L{(}’J Lo J SOCXTT
Example: 3

‘A flux density of 1.7T is' measured in the air gap between two magnetic poles is found to be

constant over an area of 300mm?’. If the poles -each have a cross sectional area of 220mm?,
determine the flux density within the poles.

i N0 _—{fé' l g y o] ?\(399;{;@6
6/ —A— A pet iyt = § 1o v by
. &
o= ¢ Sloxio™ oo —
. . Sio - '
" 2120 (j5°) 1720
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12. MAGNETIC SCREENING

Magnetism. acts in every direction and there is no known substarice that can act as an
insulator for magnetism. However, it is possible to screen (“shield”) articles from the effect
of magnetism by providing a path of low-magnetic reluctance around the article to be
protected.

Figure 15

13. APPLICATION OF PERMANENT MAGNETS

Permanent magnets are used in a variety of applications, some of which include -
@ small dc motors and generators.
2 magnetos
® magnetic chucks
® speakers
® indicating instruments such as ammeéters and voltmeters
'® collision sensors in motor cars.

e et e ok okt e R ok R ok Rk R e
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PROCEDURE :

1. DETERMINATION OF MAGNETIC POLARITY

@

1. Using the magnetic compass identify the polarity of the ends of the round bar magnets,
that is north or 'south, by placing one end of the magnet near the compass.

2. Record your results in table 1. Identxify the.poles of the-‘magnets.by their colour.

Note 1: The end of the magnet which attracts the marked end of the compass needle is the
south pole of the magnet. See figure 1. '

Note 2: The other end of the magnet should attract the unmarked end of the compass

needle.

Figure 1

Table 1

North Pole

South, Pole

Magnet 1

Magrnet 2

3. Do not proceed until the teacher checks your results and completes the progress table.

_ Progress Table 1
attempt 1 | attempt 2 | attempt 3
A B C

South Westérn--Sydn'ey Institute of
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Figure 4

10. Remove the magnets: from the centre tube, then shake the oil filled container until all the
iron filings are in suspension.

11. Place one circular magnet and -a mild steel rod into the centre tube of the oil filled
container, arranged as.shown in figure 5.

12. Allow the iron filings to settle in the form of the magnetic field around the magnet and
rod. Sketch the field in figure 5.

N S Mild steel rod

Figure 5

)
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Table 2
Pole Arrangement
Unlike Poles Facing Like poles Facing
North to South Northto North: | South to South

Effect

4. Repeat the procedure with like poles facing, say north to north, Observe and record your

-results i table 2.

5. Repeat the procedure, again with like poles facing, but this time arranged south to south.

6. Return all equipment ‘to its proper place, safely and carefully.

4. MAGNETIC SCREENING

1. Place a steel ring against any pole of one of the rectangular bar magnets; then drop a
drawing pin into the centre of the ring as shown in figure 8.

Bar magnet

Mild steet ring

- Drawing pin

2. Carefully remove the ring in-an upward direction, observe the result and record the effect

on the drawing pin in table 3.

Table 3

Magnet/ring Arrangement

Ring i Place

Ring_ Removed

Effect on Drawing Pin

2 South Western Sydney Institute of
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3. Of the four materials tested, mild steel, copper, plastic and wood, which were magnetic
and which were non-magnetic?

4, How can you identify if a material is magnetic or non-magnetic using a bar magnet?

5. If a magnetic material is placed in a magnetic field, does it have any effect on the
magnetic field?

6. If 2 non-magnetic material is placed in a magnetic field, does it have any effect on the
magnetic field?

7. Did the metal ring around the drawing pin in procedure 4 provide magnetic screening? If
so, how? N

Fse sk bk ko Rk Aok sk
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5. The opposition of a material to becoming magnetised is known as:

(2) impedance
/() reluctance

(c) resistance

(d) inductance
6. Anpieceof __ will have a lower amount of residual flux when compared to a piece of
when the magnetic influence is removed.

(a) hard steel, soft iron

(b) soft iron, copper

(c) hard steel, copper
Z  (d) softiron, hard steel

7. Magnetic flux is measured in:
/" (a) Webers

(b) Teslas

(c) Henries

(d) Ohm's

8. Flux density is a measure of the amount of
(a) magnetic flux
(b) reluctance per unit area

" (¢} magnetic flux per unit area
(d) inductance flux per unit area

9. Flux density is measured in:
(a) Henries
(b} Ohm's
(c) Webers

/ (d) Teslas

10. Retentivity is an indication of how much:
(a) magnetism is required to magnetise a material
/'(b) residual magnetism a material will have
(_c) magnetism is réquired to de-magnetise a material
(d) residual magnetism a material will lose
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SECTION B

The following problems are to be solved with the aid of a calculator. Any working for a probl_em
is to be fully shown. Wheré a problem involves caleulating for circuit conditions, a neat.and fully

Tabelled

circuit diagram (if not provided) is to accompany the question. Answers are 1o be

expressed in the appropriate multiple ot sub-multiple.

21. Many of the following equations will be encountered. in work on magnetism. Transpose the
equations as required.

(a)
(b)
(©)
(d)
(e)
®
(8)

mmf=1IN [=7 (Note: mmf stands for "magneto-motive-force")

B=t N=?  o. ok A

®==F 8=7 ([ etomce

B=7 ©=? £l

L=ra N=?  orof Tus -

e :N% N =7 (Note: A '!(delta')'_ means a "change in" ie change in time)
L=N2 Al=1 Chimge, of (untemd

22. The flux produced by a magnet is 10mWb. Determine the flux density if the area of the pole is
250mm’ (40T)

23. For the magnet in question 22, determine the flux density away from the pole if the flux now
spreads out to an area of 600mm®. (16.7T)

24. Determine the flux of 2 magnet if the flux density at the poles is 2T, and the area of the poles
is 300mm’ . (600uWb)

_ / _ Xl-(__) ~3 _
{;;_‘i’_ = o ~ loxio [0 x 1009

Lo (i 6% )" Voxis® 100
=dowt T

F stk e o ok ek ok etk s ok KR sk sk skt

| -7 -2
N 3" T Tooxs6 © i~ Tlésc
Goo (10°) 00 X (D 65

. ) | e P It e
o @ Q’E-q:& =) Cl*_’ =BXA = 9y oo Ciobj 5 6.{)-13){{06
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1. MAGNETIC FIELD OF A CURRENT CARRYING CONDUCTOR.

In the year 1819, the Danish physicist, Hans Christian Oersted (1777-1851), accidentally
discovered during one-of his lectures at the University of Copenhagen that an electric current
flowing in a conductor deflected the needle of an adjacent compass. He concluded rightly
that the current in the conductor created a surrounding magnetic field.

This field, on account of its source, was called an . .

R.
Jr—
L ]

Figure'1

By plotting the magnetic field around the conductor on the setup shown in figure 1 with a
small magnetic compass, it was found -
® the electromagnetic field surrounded the wire in a circular fashion, that is the lines of
flux formed concentric circles
e the'direction of the magnetic field changed with the direction of the current in the
conductor.

‘With the direction of the current flowing as shown in figure 1, it was found that the magnetic
field lines surrounded the conductor in & clockwise direction when looking down at the
setup, that is the current is flowing away from-the observer. This is represented in figure 2.

30
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2. MAGNETIC FIELD OF PARALLEL CONDUCTORS L /

Consider two parallel conductors through which current flows in the same direction, as
shown in figure 6.

Figure 6

Given the direction of current flow is into the page (that is-away from the observer) -
® the direction of both magnetic fields will be "h’*@ $ .

between the conductors the fields will (onn iy pon

® the combined field between the conductors will be GI'nua. L0, crnginntdTC '[(th

¢ o1 the outside of the conductors, however, there will be a _ combined
field due to the addition of the individual fields
© as magpetic lines of force act like rubber bands, they tend to CLjJ"mf,ﬁL the

conductors together.

If the direction of the current in the two conductors is dissimilar, as shown in figure 7, the
resultant effect will be different -

® the fields between the conductors will ""ep Qi one another

: Aop
e the magnetic flux lines are e (f&eﬁf@nx_f? between the conductors

e the conductors will be forced "LDI i& (i pg ,\(*f'*
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1t 1s thus seen that a current-carrying selenoid behaves as if it were a powerful bar magnet
with a N pole at one end and a S pole-at the other end.

The polarity of a solenoid may be deduced by adapting the right-hand solenoid rule, see
figure 10, as follows - '

® Place the right hand with the palm on the outside of the solenoid so-that the
fingers indicate the direction of current

@ The thumb then points to the N poleof the solenoid.

~\ Pl

Figure 10

4. THE ELE.CTROMAGNET'

An electromagnet is a solenoid provided with a magnetic core as illiistrated in figure 11.

Fignre 11
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5. MAGNETOMOTIVE FORCE

The magnetic flux of an electromagnet is caused by current flowing through the winding,
and the higher the carrent, the greater the flux. As well, increasing the number of turns
increases the flux (ifthe current stays the same),

The product of the turns and current in the turns is called O eve. - -_[:U'W'“ .
This force is the magnetic pressure that produces magnetic lines of force, rather like an
electromotive force causes an.electric current in a circuit.

Because magnetic flux is proportional to the number of turns and the current in the winding,
they are combined in-an equation that gives magnetomotive force. The equation is:

Fap = IS

where:  mmf = magnetomotive force in-ampere-tums (At
I = current in amperes
N = number of turns

Example: 1
A coil of 20 turns carries a current of 3 amperes. Determine the magnetomotive force
produced by the coil.

F"‘M = LN ~ TA 1O = G {_\—-{—
Example: 2

If the coil in example 1 had its number of turns increased to 60, what current would need to
flow in the coil to produce the same magnetomotive force,
o> IN 5 o= Txp6

=

60

Example: 3

A coil is required to produce an mmf of 2000At. Determine the coil current if the coil has
2500 turns.

Fo > InN — 100> Ty 2091
T v 720n = .09
{60 Ao
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An important feature of the solenoid is its ability to aftract magnetic substances.

If a piece of soft iron or-steel is in line with the field of a solenoid, figure 16, it is attracted
into the core of the solenoid and will move so that its centre coincides with the centre of the
coil. This characteristic is' adapted for many and vaned applications siich as magnetic
circuit-breakers and solenoid valves,

l DC Supply l

Figure 16

Figure 14

Electromagnets of special design have a wide application in the handling of iron and steel.
These electromagnets, known as lifting magnets; do niot | require the use of slings or hooks;
hence provide ease of operation. Figure 15 illustrates a typical winding arrangement in a

circularlifting magnet.
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Figure 17 illustrates the principle of operation of the magnetic separator, w_h_‘iﬂés designed
to remove pieces of iron and steel from coal, rocks or ore. :

Figure 17

The material is fed on to an endless belt usually travelling at a speed of 30 mietres per
minute. This belt passes round a pulley fitted with an electromagnetic coil arrangement
inside it, the coils being energised through sliprings. As the material passes over the pulley
the non-magnetic particles drop off immediately but the magnetic scraps are held by the
pulley's attractive force until the belt carries them past the pulley; whereupon they drop off

into a separate pile.

A magnetic substance may be magnetised by placing it across the core of an electromagnet
supplied from a DC source; as illustrated in figure 18. This procedure is frequently used to
magnetise permanent magnets,

(L DC Supply J) l AC:Supply ©
Figure 18 Figure 19

Demagnetising involves disturbing the line-up of the molecular magnets in a material. A
method of demagnetising a substance is shown in figure 19. An AC voltage is applied:to the
terminals of an electromagnet. The specimen to be demagnetised is placed near the core and
then gradually withdrawn from its influence. Alternatively, the specimen may remain in
position and the alternating current gradually diminished to zero. The latter method is very
simple and very effective.

In addition, electromagnets form integral parts of a pieces of machinery, for example -
® electromagnetic clutches and chucks:
°  contactors _
® transformers, electric motors and generators.

ok sk ok Rk kRN Rk ok o o ek
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PROCEDURE :
1. SINGLE LAYER SOLENOID
1. Conpstruct a solenoid by winding 40 turns of 1mm® building wire around a 16mm PVC
conduit former as shown in figure 1.
| \ | \. Lemm PVC conduit
~— Imm? building wire
Figure 1
2. Tapethe ends of the solenoid with miasking tape to prevent the coil from unwinding,
3. Mark the start of the coil, then strip the ends of the wire and connect to the terminal
block.
4. Connect the circuit as shown in figure 2. Note: Be sure to connect the coil so the start of
the coil is positive. )
0-TADC
. 100
- —0—(4) — =
+0 —
DC Single
‘Power layer
Supply solenoid
-0
Magnetic .
compass \
Figure 2

5. Do not proceed until the teacher checks your circuit and completes the progress table.

Progress Table 1

attempt 1 | attempt2 | attempt 3
A B c
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0-1ADC 00
+0O =l _
DG : Three.
Power ' la_yc.r i
Supply. solenoid
-0
100mm
Magnetic ( . —pge,.
compass
o Figure 3

6. Adjust the power supply for minimum output voliage.

7. Turn on the power supply, close the circuit switch and then adjust to give a circuit current
of 0.2A.

8. Open and close the circuit switch, observe any effect on the compass needle when the

swiich is closed. Note, this step may need to be repeated several times in order to observe
the effect.

9. Record your observations in table 2:

Table 2 _
Effect on Compass Needle
02A | 04A 0.6A 0.8A 1A
Three Layer
Solenoid
air core
Three Layer
‘Solenoid
brass core’

10. Repeat the procedure for each of the current values shown in table 2,

11. Insert the brass rod into the conduit and repeat steps 6 to 9.
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3. RIGHT HAND SOLENOID RULE
1. Apply the right hand solenoid rule to predict which end of the single layer solenoid would

have a north magnetic polarity. Assume that current is flowing into the start of the
wmdmg

TL\ "\
Current Winding start ~ Winding fiffish

Figure 4

2. Connect the solenoid in circuit as shown in figure 5.

0-1ADC < Winding start
+ 1002
o -

+0 - .

b Single
Power layer
Sapply _ solenoid

Magnetic
coinpass.

Figure 5

3. Adjust the power supply to deliver a circuit current of 1A.
4. Using the magnetic compass identify the notth pole of the solenoid.

5. Does_ the north pole as identified with the compass match the north pole predicted using
the right hand solenoid rule?

YES or NO

6. Move the compass around the solenoid and note the direction taken by the compass
needle.

7. Based on your results sketch the solenoid's field pattern. Use the layout shown in figure 6.
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4. What effect does the reversal of current flow through a solenoid have on the polarity of
the solenoid's magnetic field?

5. What effect did the introduction of the mild steel core have on the strength of the
magnetic field produced by the solenoid?

6. Why did the mild steel rod effect the soleoid's magnetic field strength, vet the brassrod
did not?

7. Does the right hand solenoid rule work when applied in practice?

Fekk Kotk ko k
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5. The magnetic field around a copper conductor can be increased by:
(8) winding the conductor into a coil
(b) increasing the current through the conductor
- (¢) inserting an iron bar into the wound

./ (d) all of the above

SECTIONB B
For the following questions, complete the statements. on your answer sheet with the word or
phrase you think fits best.

1. State the type of electromagnet action employed in the following practical applications:
(a) circuit breakers
(b) relays and contactors
‘/_(c) maégnetic chucks and electric crane brakes.

2. Winding a conductor into 2 coil has the effect of . © il ""féf‘magj qﬂr‘ C

3. The two effects of current that are always present when current flows through a conductor are
the___ _(a) __effectand__ (b)___ effe
NI ;EilL . T L.e,{r\m
4. Whatis the force that exists between two adjacent conductors that have currents flowing in:
(a) opposite directions?

(b) the same direction? - 5 Dot tle 4
| (Z;lgvi IW”"J T —~ o g fo
5. State the rule used to determine the magnetic field around a single _conductor,_. and briefly
describe how you would apply that rule. R-t-'ﬂ dh m J ’LI\, iy ey Ly -
6. Statethe rule used to determine the magnetic field around a coil, and briefly describe how you
would apply that rule. Sol evo(d

7. Describe a method you would use to:
(a) magnetise a piece of magnetic material

(b) de-magnetise a piece of magnetic material

Accompany your answer with a-diagram for each example.

8. State .three— advantages of using an electromagnet over a perfnanent bar magnet.
(V) Adjus abie, oetpnglic ficle] (1) Dineldivn 0o ch Urcre of
For the following questions, complete the questions as directed.(- 372e W\Cf’v\&ﬁ-(aj EN Cc"‘-’“;”lﬁ
' L U@,

9. Drawa cross sectional view of a conductor. On your 'diag:_-am, clearly mark how would show
current flowing towards the viewer through the conductor .

10. Draw a cross sectional view of a-conductor, On your diagram, clearly mark how would show
current flowing away from the viewer through the conductor .
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4. The coil as shown in figure 4 has various fapping’s to vary the 1
magnetomotive force produced by the coil. If the number of turns per
tapped section is 35 turns, deteimine the magnetomotive force produced by 2
the various tapping's using position "§" as a referénce. The current through
all of the coil has been measured at 2.5 amperes . {1-2: 87.5At;1-3: 3
175At;1-4: 262.5A8; 1-5; 350At)

Figure 4

lLef2-$AaT = 2¢e AT
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NOTES:

e
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'PROCEDURE :
1. RELAY OPERATION

1. Arrange the equipment on the bench in a neat and logical manner.

2. Using the relay panel connect the circuit as shown in figure 1.

0-50mA DC . Relay coil
+ X
b _o— 1
fower ] :
Supply 0-20V DC =
—0

Figure 1

3. Do not proceed unfil the teacher checks your circuit and completes the progress table.

Progress Table 1
attempt 1 | attempt2 | attempt 3

A B C

4. Turn on the power supply and adjust for an output voltage of 12V.

5. Watching the relay closely, close the circuit switch and note what happens to the relay, its
normally open contact and the light emitting diode (LED).

¢ When the switch was closed the relay

¢  The normally open contacts of the relay

® ThelED.

6. Watching the relay closely, open the circuit switch and note what happens to the relay.

¢ When the switch was opened the relay

¢ The normally open contacts of the relay _

¢ ThelLED
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5. Slowly decrease the voltage observing the LED. Record, in table 3, the voltage at which
the LED turns off completely: Record the current at this voltage.

Table 4
Supply Voltage. Coil Current LED Condition

OFF Repeat this step to check
accuracy of results.

6. Do not proceed until the teacher checks your results and completes the progress table.
Progiress Table 3

attempt 1 | attempt 2 | attempt 3 |
A B L&

7. Please return all equipment to its proper place, safely and carefully.

3. OBSERVATIONS:

1. By applying Ohm's 1aw, calculate the resistance of the relay coil using the results obtained
from each table. Use the equation R = R

From Table 1:

From Table 2

From Table 3:

From Table 4:
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Answer trug or false to the following statements.
The pick-up voltage of the relay was -

(a)  approximately the same value as the drop-out voltage

(b) much higher than the drop-out voltage

(c)  about one quarter of the rated coil voltage

Answer true or false to the following statements,
In this practical assignment, when the LED was lit, it indicated that -

(a) the relay was energised

(b) the relay was de-energised

(€) the voltage applied to the coil was definitely greater
than the pxck-up voltage

Using a red-pen, neatly draw a dotted line onto the diagram of figure 2 to indicate the path of the
magnetic flux when the coil is energised.

i'lzon amature K/v Iron core

pu | 0

Relay gontacts

Coil connections

Insulated -.Iinkage | Hings \— Coil

ok skt ok ek ok
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Applied Electromagnetism (6077H - NUE045) - Tutorial 3 - Magnetic Clrquitss

4, A material with a high permeability will easily ‘magnetic flux.
(a) concentrate
(b) oppose
{c) generate
(d) produce

5. A material with a high reluctance will the establishment of magnetic flux.
(2) concentrate
(b) generate

{c) control

/ (d) oppose

6. Ina magnetic circuit, reluctance is to the length of the core and to the cross
sectional area of the core. s
(a) proportional, proportional q " ‘”{'.33 -
(b) inversely proportional, inversely proportional
. {¢y inversely proportional, proportional T
/ (d) proportional, inversely proportional g% - ,Q
i
For the following questions, complete the statements on your answer sheet with the word or
hras  thitik fits best. -
phrase you SO ML,,L:\M’}VL(}'Q ’L e T G €04
7. Flux densityis a measure of the _m(a)__ of magnetic flux for a given _(b)w__, and is ;
measuredin, __ (¢)___ 0 < 5h
8. To increase the flux produced by a coil, either increase the col . ...(a)___ orthe number of <
coil (b) ~or decrease thecore__ (c) . pap Yy T
9. Matenals w1th a relative permeability of 1 are classified as —(a) , whilst materials with a
high to very high relative permeability are clasmﬁed as. () 0
p,‘m( “_rt,('wfwvt&hl 5
10. po isthe permeability of__(a)__, pr isthe " (b)___ofa materjal, whilst 1L is the
__(c)___of amaterial. 0 @_I “

11. If a material has a high (\ '. 1t is difficult fo magnetise.

-

12. When comparing a thagnetic circuit to an electrical circuit, —__(a)___isthe equivalent of an
emf, _ (b)_J}_is the equivalent
of circuit curr_ent_ and __ (c)__ _is
the equivalent of circuit (g Figure 1
resistance.

UV WML
| i
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Applied Electromagnetism (6077H - NUE045) - Section 4 - Materjals & Magnetisatk

1. PERMEABILITY

In simple termis, the flux density in the core of the magnetic circuit shown i’n'ﬁg_ure Iis
dependent upon two factors -

. NI
o 8

tr
nAnNAAAN
TUTTUTY

~ I'

Figure 1
The iagneétising force and the flux density of a magnetic field are linked by the expression -

“ ¥ vfﬁ

where: B = flux- density in tesla (T)
1t = permeability of core material

H = magnetising force in ampere turns per metre (At/m)

The permeability of the core material is determined by taking the product of the perimeability
of free space and the relative permeability of the material -

“ Y= o~

where: |1 = permeability of core material

po = permeability of free space = 12.57 x 107 (a constant)
ur = relative permeability: of the core material

As previously discussed, the relative permeability of a ferromagnetic material is variable and
depends on the applied magnetising force.
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4. MAGNETISATION €URVE FOR A MAGNETIC MATERIAL

Consider the effect of increasing the magnetising force applied to the magnetic core shown
in figure 4. '

¥]
& -

d
4 T
: g ; -]
s b
_l_ P P
o »]
] [+ :
x]

Figure 4

oty

As the magnetising force is increased, the flux density in the core is ‘.\’;‘“ L Nﬂ';.m‘-cfp .

When viewing the cross-sectional area of the core, at different values of magnetising force, a
large variation in how tightly packed the flux is packed will be seen. Figure 5 illustrates this
‘concept,

H=0 H'=wverylow H = high H = very high

Figure 5

Figure 6 shows the typical magnetisation curve for a magnetic material.

A
m S
2
i L
5 @
& &
o]
=
e
1] "R L
9 T T W et >
Magnetising Force - H
Atm
Figure 6
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Applied Electromagnetistn (6077H - NUE045) - Section 4 - Materials & M(‘ETWQOH Curves

Example: 1

A cast steel ring, as shown in figure 8, has an average length of 300mm and is wound with
500 turns. Determine -

(a) the magnetising force required to produce a thix density of 1.6T
(b) the current required in the coil.

9~ oy - M 7
7 T

J"‘p{ = Qo200

N T LY

B l\£~ 4 o H ? | ﬁ F00% (0

..... _)Q, = _ —

Lo g0mv {60

—

Example: 2

If the cast steel ring used in the arrangement shown in figure 8 was replaced with a mild steel
ring, determine -

(2) the magnetising force required to produce a flux density of 1.6T
(b) the current required in the coil.

~ Comw il el Uge fy 2 BLo9n
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Applied Electromagnetism (6077H - NUEQ45) - Section 4 - Materials & Mdgne

If the magnetising force is decreased from its maximum in the reverse direction through zero
back to its maximum vahie in the forward or positive direction, a mirror image of the
previous curve will be obtained. It will be found that a closed S-shaped loop has been traced
out which is called the - _ <
[Jf Ut 1S

derived from the Greek word’ “hysteresé“ meaning “lagging behind”; as indeed the flux
density is always lagging behind the magnetising force.

A typical hysteresis curve is shown in figure 11.

A+B

He »+H

v -B

Figure 11

6. HYSTERESIS LOSS.

It has been shown that fron atoms are’ grouped in domains. The magnetic axes of all
molecules within a particular domain all point the same way. In a nén-magnetised piece of
iron, these domains, and thus the direction of their magnetic axes, are all jumbled up and the
overall effect is that they neutralise each other. See figure 12,

R0

Figure 12-

As the piece of iron becomes magnetised, initially only a few, but later many more of these

domains “snap” into a uniform direction, the magnetic axes thus ahgmng with each other
and the overall effect is that the piece of iron begins to exhibif magnetic properties.

EIEAE 96 J6 4
s o

Figure 13
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Applied Electromagnetism (6077H - NUE045) - Section 4 - Materials & Magnetisatic

Figure 15 shows the hysteresis loop for hard iron. Its characteristics can also be identified

from the loop -

AFB

Figure 15

@ The area within the loop is large, this indicates the

hysteresis loss is LG p
) 2

® The residual magnetism is Lr‘;.\ﬂ;r i,

‘@ Hard iron is suitable for the manufacture of

s Not suitable for -applications where the magnetic

field has to undergo a large number of reversals per
second.

The third hysteresis loop to be consid'ered__, figure 16, is that of a material known as ferrite.
This is'a ceramic core made up. of iron oxides.

A+B

3 +H

¢ The shape of the loop indicates the hysteresis loss

is Hign

® Flux density tends to remain constant in one

direction until the value of the magnetising force is
increased fo its maximum level in the opposite
direction - the flux density rapidly reverses:

¢ Fetrite is used manufacture of magnetic

82
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Applied Electromagnetism (6077H - NUEO45) - Practical 4 - Tlhe Magnetisation

PROCEDURE:

1. Arrange the equipment on the bench in a neat and lo gical manner.

2. Connect the circuit as shown in figure 1.

0-2ADC _
= El
+ O \i&/ .
Varigble
- DC Field <
Power Supply
-0
E2
Figure 1

"\ Digital

Multimeter
20V DC

3. Do not proceed until the teacher checks your circuit and completes the progress table.

Progress Table 1 _
attempt 1 | attempt 2 | attempt 3
A B C

4. Ensure the DC power supply is switched off,

5. Start the prime mover.

6. Measuire the generator output voltage using the digital multimeter and record in the space

provided in table 1.
Table 1

Field Current

0 10170210406/ 038 1
amperes. _

12 1 14 | 16

Output Voltage
Field Current
Increasing,

OQutput Voltage
Field Current
Decreasing

7. Tutn on the DC power supply, slowly adjust to give a field current of 0.1A, then measure

the generator output voltage. Record the voltage value in table 1.

8. Repeat the procedure for each of the values of field eurrent shown in table 1.

g6 | South Western Sydney Institute of




Applied Electromagnetism (6077H - NUE045) - Practical 4 - The Magnetisation Curve

4. Using the results recorded in table 1, draw the magnetisation cuirve for the generator.

24 . _.' .
2.1 . : .
0] ¢ — :
| : 3{
@? P : f
B ; : :
% 14 f
S '
= _ ; i .
o s :
E_ £ g : : :
=R ) B doE g : i
o R 3 f : !
8 : . ; -
61 ; :
4
2 :
]

0 0.2 04 06 0.8 1.0 1.2 1.4 1.6 L.§
Field Cusrent - amperes

Figure 2

5. In the graph drawn in figure 2, what does the atea between the two curves represent?
What causes this loss?

R PR T
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Tutorial 4

agnetisation

fAaterials

Please note the following reguirements in relation to tutorial work -

o All tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled
together. Write on one side only of the answer sheets, and all work is to be completed in
ink.

® In the case of multiple choice type questions; the question number and corresponding
answer letter are to be written on the answer sheet.

*

® In the case of short answer type questions, the question and part number with your word or
phrase choice is to be written on the answer sheet.

© All relevant equations and working are to be shown in the case of calculation type
guestions.
SECTION A

In the following statements one of the suggested answers is best. Place the identifying letter of
your choice on your answer sheet.

1. Hysterisis loss is due to:
(a) high reluctance
(b) low permeability
(¢) high flux density
(d) residual magnetism

2. A B-H curve shows how the changes for changes in
{a) material reluctance; mmf
(b) flux density; magnetising force
(c) magnetising force; flux density
(d) flux; reluctance

3. The B-H curve which is shown as a straight line would be that for:
(a) air
(b) castiron
(¢) mild steel
(d) silicon steel

4. The lagging of changes in magnetic flux density behind changes in magnetising: force is
known as:
(a) eddy current loss
(b) permitivity
(c) hysterisis
{d) reluctance

South Western Sydney Institute of 89
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Applied Electromagnetism (6077H - NUE055) - Tutorial 4 - Magnetisation Curves & Materials

5.

occurs when the flux density of a material cannot be increased fusther for increases in
magnetising force.

(a) Residual magnetism

(b) Coercive force.

(¢} Retentivity

(d) Saturation

For the following questions; complete the statements on your answer sheet with the word or
phrase you think fits best.

6.

A magnetisation curve shows the relationship between __(a) and____(b)___ formagnetic
materials.

When the magnetisating ___(a)___ is reduced to- zero, any magnetic flux remaining in the
material is known as ___(b)__, and the force required to reduce this __{c)___ to zero is
known asthe ___(d)____

(a) steel is commionly used in transformers and electric motors due to its low

= D)

Cut and paste the diagram of figutre 1 on your answer sheet. On the diagram:
(2) identify and name the characteristic;
(b) identify and fully label the horizontal and vertical axes;
{c} showand label on the diagram the following:
@ the saturation points
® the amounts of residual magnetism
® the amounts of coercive force
@ from the text, draw the comparative hysterisis loop for silicon steel.,

A

v

A

v Figure 1

South Western Sydney Institute of




Applied Electromagnetism (6077H - _NUEOS&) - Tutorial 4 - Magnetisation Curves & Materials

10. The following table represerits the results of magnetising the ‘field of a generator and the
resulting field flux.

MagnetomotiveForce | 0 | 500 | 1000] 15002000 [ 30004000 6000]
(At)

Flux (mWbh) 5 |175] 32| 45 |575| 712 | 715 | 78

Table 1

(2) On the 5Smm grid on page 92, draw vertical and horizontal axes; and clearly label each
axis and title the graph,

(b) Using a seale of 10mm = 500At and 10mm = 5SmWhb, plot and neatly draw the curve from
the results of table 1, using a curve of best fit,

{¢) On the graph, show the useful region of the curve, the knee of the curve and the point of
saturation.

(d) From the graph determine
@  the flux for mmf's of 2500 At and 5000 At;
® the mmf's for a flux of 40mWb and 65mWh.
NOTE:

Include the Smm grid on page 92 as part of your submitted assignment.

South Western Sydney Instituté of 91
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Section 5

PURPOSE:

‘This section introduces the generation of emf via electromagnetic induction.

TO ACHIEVE THE PURPCSE OF THIS SECTION:

Atthe end of thig section the student will be able to:
® Describe the principle of electromagnetic induction.
© Apply Fleming's Right Hand Rule to determine the relative motion, direction of
induced emf or direction of magnetic field.
o State and describe Lenz’s Law.

® Calculate the induced emfin a conductor given the cofl turns, chiange in flux and
change in time.

®  Calculate .th_e_indu'ced emf in a conductor given the conductor length, flux density and
velocity of the conductor.

® Calculate the induced emf given the number of coil tumns and rate of change of flux:
e List applications of electromagnetic induction.

S

REFERENCES:

Electrical Principles for the Electrical Trades. 4th Edition. Jenneson J.R.
Pages 109-110and 112-114.
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Applied Electromagnetism (6077H - NUED45) - Section:5 - Electromagrietic Induction

1. INTRODUCTION

it has already been pointed out that an electromotive force can be produced by a prim'ary or
secondary. cell and by a thermocouple. However, since the magnitudes of the emf's so

produced are too small for the large scale commercial production of electricity, the electric

generator is employed. In the electric generator the production of electricity is based on a

process called electromagnetic induction.

The purpose of this section is to examine the operation of electromagnetic induction and the

factors affecting the magnihide of the emf generated.

In 1831, the British scientist Michael Faraday succeeded in generating an emf by moving a
bar magnet towards or from a coil of wire, as shown in figure 1.

On moving the bar magnet into the co’il,__ a'momentary deflection of the compass needle was.
observed, and on removing the magnet from the coil the needle was deflected again, bui in
the opposite direction.

Faraday's experiments have led to countless applications of electricity ‘in science and
industry. The most common being -

® transformers
®  pgenérators.

Scuth Western Sydney Institute of




Applied Electromagnetism (6077H - NUE045) - Section 5 - Electromagnetic Induction

2. ELECTROMAGNETIC INDUCTION

To .investigate the principle of electromagnetic induction consider that a straight r.igid
conductor is connected to'a sensitive galvanometer by flexible wires and that portion of the
straight conductor is within the influence of a permanent magnet or an electromagnet. See
figure 2.

Irrespective of the position of the conductor while ever it is stationary, there is no deflection
of the galvanometer;

in___clicating 3} L

Commencing with the conditions shown in figore2, if the conductor is moved downward
past the North-pole ‘of the magnet, an emf is induced in the conductor i1 an anti-clockwise
direction,

Figure 2 Figure 3

On reversing the movement as shown in figure 3 an emf is induced in a clockwise direction. o,

This shows that the direction-of motion affects the ghineition of the'induced emf.

Similarly it can be shown that if the magnet is rotated through 180°, that is the conduetor
under the influence of a south pole, and the two movements repeated, -
the directions of the induced emf will be the affecte of those
shown in figures 2 and 3, respectively. '

This shows that the _ et i 2o -of the magnetic field also affects. the
direction of the induced emf,

South Western Sydney Institute of 05




Applied Electromagnetism (6077H - NUE045) - Section 5 - Electromagnetic Induction

S

e,

Using the same arrangement as before it can be shown that if the conductor is held stationary

and the magnet moved upwards or downwards past the conductor an emf will be induced, as

indicated in figures 4 and 5.

Figure 4

This shows that the induced emf. is dependent upon the -
!'ﬁm Yeocn tiom between the conductor and field.

No emf will be induced in a conductor unless a change of flux-linkages occurs
between the conductor and the magnetic flux.

If the rate of movement of a conductor is reasonably constant and the angle at which the field
is eut, is varied, then the emf -

® isa P gyl feevttne when the lines of force are cut at right angles.

® becomes progressively _ ¢ -«'rﬂl.afr*j as the angle-of cutting decreases

® is 'grp,‘g} wlhien the motion is parallel with the lines of force.

Thus we have shown that an emf is induced by relative motion between the conductor and
the flux, such that a change of flux-linkages occurs between them. The maximum emf is
obtained when the lines are cut at right angles.

Although we have only considered the emf induced in a single conductor in this section, for
practical purposes a greater number of conductors usually would be necessary.

96
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Applied Electromagnetism (6077H - NUE045) - Section 5 - Electromagnetic Induction

3. FLEMING'S RIGHT-HAND RULE

When studying the operation of electrical machinery it is often necessary to make use of the
relationship that exists between -

¢ field polarity
¢ direction of motion
® direction of induced emf.

It is difficult to remember the results obtained in the set of diagrams considered in the
previous section, but fortunately, a very simple rule has been developed by Professor J.A.,
Fleming which covers all possible combinations.

The rule is known as Fleming's Right Hand Rule and is applied as follows:

Clench the right hand and open the thumb and first two fingers mutually at right angles, asin =~~~
figure 6, so that if applied to the comer of a cube they would lie along the three edges '
forming the corner.

Ther -
 the thumb represents direction of motion of conductor

® forefinger represents direction of lines of force
® second finger represents direction of induced emf.

L&

Calvanomerer

Figure 7
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Applied Electromagnetism (6077H.- NUED45) - Section 5 - Electromagnetic Induction

Please note:

® When applying the rule in a case where the flux moves past the conductor; the thumb
tepresents the equivalent motion, of the conductor, that is, we imagine the conductor to
be moving in a direction opposite to the actual direction of the flux,

© If the conductor forms part of a closed circuit, the induced emf will produce a current,
the direction of which also is represented by the second finger.

® The Right Hand Rule is not limited to finding the direction of emf, but may be used to
obtain any one of the three related quantities when the other two are known.

Example: 1

Apply Fleming's Right Hand Rule to each of the diagrams shown in figure 8, to determine
the -

(a) direction of the induced emf in diagrams (a) - ()
(b) direction of conductor motion in diagram (2
(¢) magnetic polarities in diagram (h).

T: conductor motion Tconduct()r motion
=10F 7 T 0F 7
(a) by

l ‘sonductor motion l condut';tor motion
1 N.. O s f \ 3 O N z
() (d)

e

T Fekdtion T | T field motion T |
\ s1O [ /( L MEIGIE _ /?

(€) 0

T c¢ondictor motion

_s|®y el

(g} (b)

Figure 8
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Applied Electromagnetism (6077H - NUEG45) - Section 5 - Electromagnetic Induction

4. EMF INDUCED IN A STRAIGHT CONDUCTOR

It is possible to calculate the magnitude of the emf generated in a conductor moving through
a magnetic field.

The value of the emf generated is dependent ofi the -

° _of the magnetic field
® _ _ of the conductor within and at right angles to the field
® _at which the conductor cuts the field.

When these three factors are combined, the emf generated can be calculated using ‘the
equation -

e~gd v

where: e =induced emf in volts V)
B = flux density in tesla (T}
1 =1length of conductor in metres (m)
v = velocity at which the conductor cuts the field in metres per second (m/s)

Example: 2
A conductor 250mm long moves at a velocity of 20m/s at right ‘angles to a magnetic field
with a flux density of 1.5 tesla. Determine the value of the emf generated in the conductor.

e~ { v = [-$x 280 ;90

(nAn"

Example: 3
What would the velocity of a conductor be if it were 200mm long and moved at a uniform

speed at right angles to a uniform magnetic field having a flux- density of 0.25 tesla and the
conductor has an emfof 1.5 volts induced in it?.

e~ R L v
L{~ 0« q‘q_n&;% A
Vil
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Applied Electromagnetism (6077H - NUE(45) - Section 5 - Electromagnetic Induction

Example: 4
Determine the strength of the.mag'netic field if a conductor with a length of 25mm has an
induced emf of 6001V in it when the conductor is moved at a speed of 15 m/s.

¢ >~ du
5.{’«?5}}(:36; PR 1COXGB% LS
{3~

= Cy

5: VOLTAGE INDUCED IN A COIL & FARADAY'S LAW

Based on the foregoing, you can see that a voltage is induced in a conductor only if there is
relative motion between the conductor and'the magnetic field. When a conductor is. wound
into a coil, its length within the magnetic field is increased giving, as you'd expeet, a higher
induced voltage. The voltage induced in a coil dépends on:

® ‘the strength of the magnetic field

® the numbéer of turns on the coil

® the speed of the cutting action

The equation e = Blv includes all these factors, but caleulating the length of a conductor
that's wound into a coil is rather difficult to do. Another way is to use the equation first
described by Faraday, now known as Faraday's law which states ~

Induced emf is proportional to the rate of change of linkages between conductors
and magnetic flux.. '

Faraday's law is summarised in the following equation -

Y

where: € = induced emf in volts
N =number of turns on the coil
A® = change of flux in'webers
At =time taken for flux change in seconds

Note : The A symbol (Greek letter delta) stands for “change in’.

100.
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Applied Electromagnetism (6077H - NUE045) - Section 3 - Electromagnetic Induction

Example: 5
A coil of 15 turns has a flux linking it of 0.3Whb. If the flux is reduced to 0.1Wb in 100
milliseconds, calculate the induced emfin the coil.

€ N AY (£ A 0.3 -0} .

s

£ ‘f: IC:'C?.X[_é'C‘

Example: 6

Calculate the number of tumns required on a coil to induce an emf of 60V the coil if the flux
linking the coil reduces from 0.4Wb to zero in 5 milliseconds.

g =~ N ﬂd
Go = N < 94

bxi0 3

Example: 7

A transformer has 600 turns on the primary and 50 turns on the secondary. If a flux of
0.25WD is reduced to zero in 5 milliseconds, calculate the induced emf in each coil. See
figure 9.

Magnetic core

O +—b e
. b T4 o
2] 600 turns 9ip b soums € .
( I 4 10 |
o—#
¥
—— Core flux
Figure 9
® > M 8% . boox 02
L o N"} C}¢ a— L s o (ﬁ,‘ o O" ,]g
. "l/ —r e —Z‘—E il LT - Ty =
L (%53
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Applied Electromagmetism (6077H - NUE045) - Section 5 - Electromagnetic Induction

6. LENZ'S LAW

Newton's Third Law of Motion in physics states that for every action there is an equal and

opposite reaction. That this is true not only in the sphere of mechanical physics but also in
the field of electromagnetism was discovered in 1834 (a few years after the discovery of
electromagnetic induction by Michael Faraday) by Heinrich Lenz, a ‘Russian scientist of
German descent.

Considering Faraday's and other experiments, he came to the conclusion that an induced emf
is always of such a direction that its effect tends to oppose the motion or the change of flux
which produces that emf. This is known as Lenz’s law and is usually stated in the following
way -

The direction of an induced emf is such that the resultiug current flow will produce
a magnetic-field which tends to oppose the original motion causing the induced
‘emf.

The arrangement shown in figure 10 illustrates the application of Lenz's law.

cdnductor-jmqtionl

Figure 10

The conductor moving down through the field will induce an emf i in the conductor and
assuming the conductor is part of a closed loop, a current will flow. The direction. of the
induced emf and resultant current flow may be determined by applying Flemmgs Right
Hand Rule.

The current flowing in the conducter will establish a circular magnetic field around the.
conductor. The direction in which this field operates may be determined using the right hand

conductor rule.

The combination of the two magnetic fields wilt result in -

® the main field being _below the conductor arnd
above it _

® a force acting on the conductor in direct ‘zi?ﬂ 'l@nd’ AL éﬁ’!ﬁf to the original
conductor movement. :
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Applied Electromagnetism (6077H - NUE045) - Section 5 - Electromagnetic Induction.

Figures 11 and 12 also illustrate the application of Lenz's law.

In figure 11 a force is applied to the magnet pushing it into the coil. As a tesult of the emf’
induced in the coil and the resultant current flow, a force will be exerted opposing the

movement of the magnet into the coil.

Figure 12 shows a force applied to. the magnet such that it is withdrawn from the coil. As.a
result of the emf induced in the coil and the resiiltant current flow, a force will be exerted

Figure-11

opposing the movement of the magnet out of the coil.

Figure 12

7. APPLICATIONS OF ELECTROMAGNETIC INDUCTION

Some common applications of electromagnetic induction include -

]

genérators and alternators

‘transfotmers

fluorescent lamp ballast
car ignition systems

magnetos

damping the movement of a moving coil instruments.

ek ok stk o S ok ekl kool sk ke sk ok i ok

Force pushing

magnet into
coil

Force pulling

magnet out
of coil
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Name:

Practical 5

ELECTROMAGNETIC INDUCTION & INDUCTANCE

PURPOSE:

This practical assignment will be used to examine electromagnetic induction and the factors.
affecting inductance and self induced emf.

TO ACHIEVE THE PURPOSE OF THIS SECTION:

At the end of this practical assignment the studerit will be able to:

Describe the factors affecting the magnitude of an emf produced via electromagnetic

induction.

Describe the factors affecting the inductance of a coil.

Use an LCR meter to measure inductance values.

Carry out a basic test to determine the presence of an emf of self induction.

EQUIPMENT:

DOooooooono

=t

1x DC power supply

1 x digital multimeter

1 x dual coil panel and 1 x soft iron core
1 x terminal panel

3 x neon lamps {no series resistor)

1 x60-0-60p1A centre zero microammeter
2 x rectangular bar magnets

1 x LCR meter

4mm connecting leads

NOTE:

This practi cal segment is to be completed by students on an individual basis.

The time given per student is to be no longer than 40 minutes at the bench.

- REMEMBER -
- WORK SAFELY AT ALL TIMES -

South Western Sydney Institute of
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Applied Electromagnetism (6077H - NUE045) - Practical 5 - Electromagretic Induction & Inductance

PROCEDURE :

1. ELECTROMAGNETIC INDUCTION
1. Arrange the equipment on the bench in a neat and logical manner.

2. Connect the circuit as shown in figure 1. Do not insert the iron core.

TTTTTWTTITT
!

Coil 1 Coit 2
't( o
. 60-0-60pA DC.
Figure 1
3. Hold the bar magnet at the side of the coil with the north pole pointing towards the centre
line of the coil.
4. Slowly move the magnet along the side of the coil, noting both magnitude and polarity of
-the induced voltage. |
NOTE: Try to remember the speed at which you move the magnet past the coil so that
this speed can be doubled at a later stage in this experimerit.
5, Repeat step 4, moving the magnet in the opposite direction.
Observation:
6. What effect does reversing the relative direction of the magnetic field cutting the
e conductor hdave on the polarity of the induced voltage?

7. Insert the soft iron core in the coil.

8. Repeat steps 4 and 5 noting any chan ge in magnitude.of the induced voltage.

Observation:
9. What isthe effect on the induced emf of inserting the soft iron core inito the coil?

P
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10. Hold. the two bar magnets together with like poles adjacent to each other as shown in
figure 2. (This will double the strength of the magnetic field).

N 5

N 8

Figure 2

11. Repeat steps 4 and 5 noting any change in the induced voltage.

Observation:

12. What is the effect on induced emf of increasing the strength of the magnetic field that
cuts the conductors?

13. Do not proceed until the teacher checks your circuit and completes the pro gress table.

Progress Table 1

attempt 1 | atternpt 2 | attempt 3
A B e

14. Connect the two coils in series as shown in figure 3. (This will double the number of
turns cut by the magnetic field,

P

60-0-60p A DC

Figtre 3

5. With the soft iron core inserted in the coils and the two magnets held together as in step
10, repeat steps 4 and 5 noting any change in the magnitude of the induced voltage.

South Western Sydney Institute of 107
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‘Observation:

16. What is the effect on induced emf of increasing the number of conductors being cut by
the magnetic field?

17. With the equipment set up as in. step 15, double the velocity of the magnet when it is
moved past the coil noting any-change in induced voltage.

Observation:

18. What is the effect on the induced voltage of increasing the velocity of the magnetic field
cutting the coil conductors?

19. Reconnect the circuit as shown in figure 4, with the soft iron core removed.

Coil 1

+

®

60-0-60pA DC

Figure 4

20. Place one magnet on the coil as‘shown in fi gure 5.

Figure:5

21. Slowly move the magnet around the outside of the coil, noting the value of the induced

voltage.
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Applied Electromagnetism (6077H - NUE045) ~ Practical 5 - Electromaguetic Induction & Inductance.

Observation:

22. What was the value of induced voltage when the motion of the magnetic field was

parallel to the conductors in the eoil?

23, Insert the soft iron core into the coil. Ensure that circuit is connected as shown in figure 4.
24. Hold magnet stationary against one end of the iron core. Observe the meter deflection.

25, Move the magnet to and fro past the iron core. Observe the meter deflection.

Observation:

26. Do not proceed until the teacher checks your results and completes the progress table.

Progress Table 2

attempt 1 | attempt 2 | attempt 3
A B G

2. INDUCTANCE

1. Using the LCR meter measure the individual inductances of ¢oil 1 and ¢oil 2. Record.

your results in table 1.

Table 1
Inductance Coil 1 | Inductance Coil 2

Air Core

Yron Core

2. Insert the soft iron core and measure the individual inductances of the two coils. Record
your results in table 1.

3. Remove the iron core.

South Western Sydney Institute of 109
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4. Connect the two coils in series and measure the total inductance. Record your results in
table 2.

Table 2
Inductance of Coils 1 and 2 in Series

Air Core

Iron Core

3. Insert the iron core and measure the total inductance. Record in table 2.

6. Do not proceed until the teacher checks your results and completes the progress table.

Progress Table 3
attempt 1 | aftempt 2 | attempt 3
T A B | C

3. EMF OF SELF INDUCTION
1. Connect three neon lamps to the terminal board.

2. Connect one neon lamp across the power supply as shown in figure 6.

Figure 6
3. Close the circuit switch and adjust the power supply for maximum voltage.
4. Measure and record the lamp voltage and condition, that is, lit or not lit..

Lamp voltage =

Lamp condition =

5. Switch off the power supply.

110 South Western Sydney Institute of
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Applied Electromagnetism (6077H - NUE045) - Practical 5 - Electromagnetic Induction & Inductance.

6. Connect the circuit as shown in figure 7, using one coil and a neon lamp.
el S ¥

DC '
&

Supply

Figure 7

7. Insert the iron core into the cenire of the coil.
8. With the circuit switch open, adjust the power supply for an applied voltage of 10V,

9. Close the circuit switch and note the effect on the lamp, that is, Lit, not Tit or flicked on.

10. Open the circuit switch and note the effect on the lamp.

11. Connect two lamps-in series across the coil as shown in figure 8.

w_r"f" f

Power
Supply

Fi gure 8 e

12. Close the circuit.switch and note the effect on the lamps, that is, lit, not lit or flicked on.

13. Open the circuit switch and note the effect on the lamps.
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14. Connect three lamps in series across the coil as shown in figure 9.

P ,1’__(} 9

+0t

Pawer
SuPpi_y

Figure 9

15. Close the circuit switch and note the effect on the lamps, that is, lit, not lit or flicked on.

16. Open the-circuit switch-and note the effect on the lamps,

17. Do not proceed until the teacher checks your results and completes the progress table.

Progress Tabled
attempt | | attempt 2 | attempt 3
& B of

18. Switch off the power supply, then disconnect the circuit,

19. Please return all equipment to its proper place, safely and carefully.

4. OBSERVATIONS:

I. Answer true or false. to each of the following statements. Base your answers ‘on
observations made during this practical assignment.
An emf will be induced into a conductor:

(a) when there is relative movement between the conductor and the magnetic field.

(b) when a conductor is placed within a magnetic field, whether there is movement or
not.

(c) provided the conductor is moving, whether a magnetic field exists or not.

.
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2. Answer true or false to each of the following statements. Base your answers on
observations made during this practical assignment.

The emf induced into a coil is:

(a) directly proportional to the number of turns in the coil.

(b) inversely proportional to the raie of cutting of the lines of force.

(¢) increased by a factor of 4 if the flux density of the magnetic field is doubled.

3. What factors determine the magnitude of the emf induced in a conductoi?

4. Briefly explain the reason for the results when the magnet was moved around the coil as
opposed to along the coil.

5. Based on your observations what factors affect the inductance of a coil?

6. Why did the inductance of the coils increase when the iron core was inserted?

7. What is the minimum voltage required to turn aneon lamp on?
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e 8. What was the approximate self induced emf developed by the coil in the circuits of
figures 7, 8 and 97
9. M the iron core in the circuits of figures 7, 8 and 9 was removed, what would happen to
the Ievel of the self induced emf?
10. What is inductance and in what form does inductance provide opposition current?
dokesk ek ok sk ke sk koo
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Tutorial 5

Electromagnetic Induction

Please note the following requirements in relation to tutorial work -
¢ All tutorial work is to-be-completed on ruled A4 pad paper, with multiple pages stapled
together. Write on one side only of the answer sheets, and all work is to be completed in
® In the case of multiple choice type questions, the question number and corresponding
answer letter are to be written on the answer sheet,
® In the case of short answer type questions, the question and part number with your word or
phrase choice is to be written on the answer sheet.
® Al relevant equations and working are ‘to be shown in the case of calculation type
questions.
SECTION A

In the following statements one of the suggested answers is best. ‘Place the identifying letter of
your choice on your answer sheet.
1. If a conductor in a magnetic ficld moves parallel to the magnetic field , the induced voltage
will be volts,
(8) amaximum
(b) altemating
C) an average
7 (d) zero

2. Fleming's Right Hand rule is used to determine the direction of the:
(a) magnetic field around a solenoid
(b) induced currents in a conductor

/(-c) magnetic field around a single conductor
(d) force exerted on a current carrying conductor

3. The value of emf induced into a conductor is dependent upon the density, of
conductor and of the conductor.
(a) conductor; length; velocity -
(b) flux; type; velocity

/- (¢} flux;length; v-eIocity
- (d) flux; length; material
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4. Maximum emf'is induced in a conductor when it moves: through a magnetic field at an angle
of intersection of:
@ 0°
(b) 459
@ 90°
@ 180°

5. Ifthe rate at- which a conductor moves through a magnetic field is increased, the induced emf
will:

/ (a) decrease
(b) remain the same
(c) alternate
(d) increase
For the following questions, complete the statements on your answer sheet with the word or
phrase you think fits best.
_ _rs

6. In Flemings Right Hand Rule, the thumb indicates —(a)___; the first finger indicates
FUrF —(b)___and the middle finger indicates ). CLvpwend

7. A cross shown in a cross sectional view of a conductor shows: —_(a)___, whilst a dot shows

8. The polatity of an emf induced into a conductor depends on the __ (a)___ of the magnetic
field and the —_(b)___ ofthe conductor.
oY € ont 3

9., To find the emf induced into a conductor, the equatipn t? useis __ (a)__, where e is the
Uod Po9€ (b)._, measured in N (c)__, B is the Pm‘fg)ﬁ measured in _T_(e)___J 1 is the
Levwg ]L(t)_ measured in — {8 ™andvisthe e measured in___ (i) __
T Vadeo J\7 ﬁw-l K.
10. If the rate at which a conductor cuts across-a magnetic field is increased, the value of the
ToenZ (@ will () fwirense

1. Neatly reproduce (or cut and paste) the diagram of figure 1 on your answer sheet. For the

diagram of figure 1, '

(a) draw the magnetic _ﬁe’l_d
paitern for the bar magnet;

LN NN Ny P
(b) determine the polarity for the RN VI Y S AN T |
terminals "A" and "B" if the _ S S i i
bar magnet is. moved into the ¢ oti
coil in ‘the direction as A
shown; and Figuie |

(¢) describe the method you used
to determine the polarity of
the terminals.
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SECTION B

The following problems are to be solved with the aid of a calculator. Any working for a problem
is to be fully shown. Where a problem involves calculating for circuit conditions, a neat and fully
labelled circuit diagram (if not provided) is to accompany the question. Answers are to be
expressed in the appropriate multiple or sub-multiple.

12,

12

14.

5.

16.

17.

A conductor 250mm long moves at right angles with a velocity of 20m/s through a magnetic

field with a flux density of 1.5 tesla Det rmme the emf induced in the conductor: (7.5V)
ﬁ [-SA ’ch}mo 3L Lo

For the ¢conductor in guestion 1, what would need to be increase'in flux density to increase the

voltage to 12V? (0.9T) : 5
Determine the velocity of a conductor of 200mm length which is moving at a uniform speed

through & magnetic field of 1.25 tesla flux density at right angles to produce a voltage of:

() 1.5V (6m/s) v~ 0 Uy
(b) 10V (40ms) ¢ ey -3
(©) 500mV (1m/s) [€= U Leoxox V

Determine the flux density of a magnetic field if a conductor 25mm long cuts through the flux
at right angles with a velocity of 15m/s to produce a voltage of 6V. (20T)

e>glu — 3x 1Ex10 % | ¢
A coil of 150 turns is lined by a flux of 300111Wb If the flux is reduced to 100mWb in

100mS, determine the voltage induced in the coil. (SOOV) O,_::-@,Qaf = Be D q, [ ,(omw

The diagram of fi gure 2 represents a transformer with input ot

(primary) and output (secondary) turns as shown. The coils
are linked by a common core flux of 25mWb, which. is
reduced to zero i SmS. Determine the voltage induced in  N,~600
both coils. (V;=3kV;V,=250V) o

N 550

SACATA R A"
AN A AN SR
UUoVuUY

‘e{ -~ N ( é_f?_ C:L’(?J‘- ‘).Q‘;L\DB Figure 2
LT 9){,\03
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Section 6

INDUCTORS & INDUCTANCE

PURPOSE:

This section introduces the physical properties of the inductor and its inductance.

TO ACHIEVE THE PURPOSE OF THIS SECTION:

At the end of this section the student will be able to:
e describe the meaning of the terms self induction and inductance.
@ describe the construction of an induetor and draw the Australian Standard circuit
diagram symbols for four types of inductor:

¢ calculate the inductance of a coil given the munber of turns, change in flux and change
in current.

e calculate the inductance of a coil given its physical parameters.

® identify the common types of inductor core and list applications for each.
® describe the construction of a coil wound using a bifilar winding.

¢ describe the testing procedures for inductors.

REFERENCES:
Electrical Principles for the Electrical Trades. 4th Edition. Jenneson J.R.

Pages 111-114.

L
i

ot
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1. INTRODUCTION

In the previous section it was shown that a voltage could be develc)ped by electromagnetic
induction if there is -

YU Ll between a conductor and a magnetic field.

This means that it doesn't matter whether the field moves or the conductor moves, just as
long as one moves with respect to the other.

It was also shown that the induced voltage could be increased, if the conductor was wound
into a coil.

The value of the voltage induced in a coil depends on three factors, the -

® strength of the A QS n gﬂc <1E o) dg

e numberof [ Lwret on the coil

¢ speed of the tomclutfoy

These concepts are described in Faraday's law which states -

Induced emf is D*rvﬂm"chf/'\“ut to the rate of change of linkages
between conductors and magnetic flux.

Faraday's law is summarised in the equation -

Emgs — itf% u

N

Example: 1

A coil 150 turns has a flux linking it of 0.2Wh. If this flux changes from 0.2Wb to 0.1Wb in
0.1 seconds, calculate the induced emf in the coil.

e = (% g-L —0 -]
o |
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2. EMF OF SELF INDUCTION

If a coil is connected to a battery as in figure 1, then the energising current produces &
magnetic flux which links the coil.

Figure 1

As the flux builds up whilst the current is being established an einfis induced in the coil the
magnitude of which depends on the -

® number of turns in the coil
® the rate at which the flux increases.

The emf so induced is-called an emf of fmclu ptiom

As stated in Lenz’s law the direction of the emf of self induction must always be such that it
tends to produce a current which would oppose the increase of flux.

When the switch is opened, the current falls to zero and consequently the flux produced by
-the current also falls to zero. During the time, in which the flux is falling, an emf is induced
due to the cutting action of the flux falling through the coil conductors, Again, this emf is
known as-an emf of self induction.

By Lenz’s law the direction of the emf of self induction must be such that it tends oppose the
Talling current and subsequent decrease of flux.

The emf of self induction will always have a polarity such that ‘it an
increase or decrease in current. For this reason, the emf of self induction is often. known as
the -

Example: 2

A coil of 1000 turns carries a.current which establishes a flux of 0.01Wb. If it fakes 0.05
seconds for the current to reach its steady state value, determine the self induced emf of the

| Q.= oA d Ok
. ?Thc{ = /Of)o % ‘,._»—.__Ol

o004
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3. INDUCTANCE

It appears from above that any coil has certain properties opposing changes in current. The
property of a coil to oppose changes in current is called the -

or _ of the coil.

Since inductance opposes changes only, it follows that inductance is effective only if there is
a of current in the circuit,

As inductance is closely linked with a magnetic field, it means that not only a coil has an
inductance, but also a straight piece of current carrying conductor has it as well because it is
surrounded by a magnetic field. The difference being -

®  an iron-cored coil hasa o ﬂ hen{ inductance
® anair-cored coil has a LM inductance
@ a straight conductor has a Lc;f L.r inductarice.

The unit of inductance is the__H€in 4 ( ).

It was named after an American physicist, Joseph Henry (1797-1878), who independently
discovered magnetic induction at the same time as Michae] Faraday.

The henry can be defined as follows:

A circuit is said to possess an inductance of 1 henry when a current changing at the
rate of 1 ampere per second induces in the circuit an opposing emf of 1 voit.

This means that if the currernt in a circuit having an inductance of 1 henry changes at the rate
of I ampere per second, the induced voltage will be 1 volt.

Thisemf is the counter emf which acts to oppose any changes of current 1 the circuit.

If factors related to the coil are changed, the inductance changes, for example -
¢ if the number of turns on the coil are increased - _
the self induced emf is Wnelniter of @il Wy o boldoge
this means the coil inductance has Poredsioch iﬁ“j i1 o

M@jﬂ-ﬂ)f"f(? f.:-][')}r of ¢/

e if the value of flux change is increased -

the self induced emf is Lon L ipeec)

this means the coil inductance has | / ﬁﬁ!ﬁ% { \?_V\(_h“f’ L f.{’cj
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Expressed mathematically,.

L- 102 |

where: L = the inductance of the circuit in henrys
N = the number of ¢oil turns
AD = the change of flux in for 4 given change in current in webers
Al =the change in current in amperes, .
| [~ M FA

4. FACTORS AFFECTING COIL INDUCTANCE

As previously shown the inductance of a coil is related to -

®  the number of tarng o )z —
® the change in flux, & '

‘The flux change within a coil is dependent on the ~ _ IS <8
® of the flux path 4 =7
® of the flux path
@

. within the coil.

Provided these four physical properties of a coil are known, the inductance of a coil may be-
calculated -

| -~ MY ”
L 2_

where: L = inductance in henrys
N = the number of coil turns
i = permeability of the core of the coil
A= cross-sectional area of the coil in metres squared
| = length of the flux path in mefres

Example: 3

A coil of 200 turns is wound on a wooden cylinder 200mm lon
area of 700mm’. Caleulate the inductance of the coil.

; ) (qoLX"!i:?fi-I“{h)t 300 @é} } L =
L = e A :

VG Kid 3

L=

g and having 2 cross-sectional
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Example: 4 |

The wooden core of the solenoid in example 3 is replaced with a magnetic material having a

permeability of 33 x 10™. Calculate the new inductance. 3
~ : ,L Lo = “ﬂ—} S ey G TL( V4 A py o /\f{_‘sg_) .

L. = A A [ D ¥ [~ S . 1 S Sy 2o o G

e —

Voo x(§ 2

5. NON-INDUCTIVE WINDINGS

Sometimes it will be. necessary to accommodate a length of conductor (such as resistance
wire) within a small space, a coiling the wire being the most convenient way of doing so, If
the resultant inductance is unacceptabile, the wire can be wound so that the magnetic effect is
neutralised. ‘

There are several methods of aéh_ieving_such non-inductive windings. In one, the (insulated)

wire is doubled back on itself at its centre and the two resulting conductors are wound
simultaneously on the core or coil former as shown in figure 2.

o e 1

WL

Figure 2

It is clear that the magnetising effect of one conductor is neutralised by the effect of the equal
and opposite current flowing in the adjacent conductor, which. results in a non-inductive
winding. This type of winding, achieved by the simultaneous winding on to the former of
two-conductors, is called a-

&94\-—40«5&5!‘#—1.% winding,

If the length of wire to be accommodated 18 ‘excessive, an identical effect is obtained either
by winding two identical, separate and adjacent coils in the same direction figure 3 or in the
apposite directions figure 4 and connecting their ends in stich a fashion that the direction of
the current flowing through them produces equal and opposite magnetic fields; thus creating
overall a non-inductive coil,

£ L et LT P

Figure 3 Figure 4
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6. INDUCTORS

Although a conductor has inductance, it's generally too small to consider. However, a coil
has quite a lot of inductanice, so coils are often called inductors, depending on the use. For
instance, an electromagnet is not usually called an inductor because it's nsed to produce a
magnetic field, not for its inductance.

Inductors come-in-all shapes and sizes, and are called by various names, such as -

As stated earlier, the unit of inductance is the henry.

There are three main types of core materials used with inductors:
®  air(or other non-magnetic matetials)
® goft iron
® ferrite.

The Australian Standard drawing symbols for inductors are as shown in £ gure 5.

fixed, air core fixed, iron core
e PN N
fixed, ferrite core adjustable, ferrite core
Figure 5

An inductor without a ferromagnetic core is assumed to have an air core. An air-cored coil
has a low inductance, usuaily measured in microhenries.

These coils are used mainly in -
®  radios
® communications equipment
® where high frequency signals-are involved.

Small air-cored. coils are usually wound on a former made of eeramic, phenolic, plastic or
other non-magnetic materials. Se¢ figure 6.

Figure 6

_______
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Large air-cored coils are used in transmitters where they ‘might handle many kilowatts of
power. Coils of this type often have windings that are thick enough to hold. their shape
without a former.

Small value inductors (a few nuH) are sometimes etched on a printed circnit board, as in
figure 7. Here the copper tracks form the windings, and the core is the material from which
the printed ¢ircuit board is made - usually either fibreglass or phenolic.

Figure 7

Soft silicon steel is used as the core in inductors that work with low frequencies, such as
mains power (50 hertz) and audio frequencies. These cores are made by stacking thin
laminations, as below. Each lamination is covered with a thin layer of insulation to stop
induced currents flowing in the core. Steel inductors have a large inductance value - often
several henries.

Figure 9

Ferrite cores are used in inductors that operate at relatively high frequencies.

Ferrite is a type of ceramic with the same magnetic properties as soft iron, but being a
ceramic if doesn't conduct electricity. The inductance of a coil with a ferrite core can range
from millihenries to several henries. As shown in figure 9, ferrite cores are made by
clamping preformed sections together. Specially shaped cores such as toroids and cup-cores
are usually made of ferrite.
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7. TESTING INBUCTORS

The primary reasons for inductor failure are -
®  open circuits in the windings:due to factors such as -
¢ excessive current
- overheating
@ shorts that develop between the winding and core
® shorts that develop between turns of the winding.

The open-circuit condition can be checked easily with an ohmmeter. If the resistance of the
‘inductor is infinite the coil is open circuit,

Thie short-circuit condition is harder to check because the resistance of many good. inductors
is relatively small and the shorting of 4 few windings will not adversely affect the total
resistance. Of coursg, if one is aware of the typical resistance of the coil, it can be compared
to the measured value.

A short between the windings and the core can be checked by simply placing one lead of the
meter on one wire (terminal) and the other on the core itself. An indication of zero chms
reflects a short between the two because the wire that makes up the winding has an
insulation jacket throughout.

The universal LCR meter, shown in figure 10, can be used to check the inductance level,

#

Figure 10

AR A R IRk Rk Rk
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Tutorial 6

Inductors & Inductan ce

Please note the following requirements in relation to tutorial work -

® All tutorial work is fo be completed on ruled A4 pad papet, with multiple pages .stapied
together. Write on one side only of the answer sheets, and all work is to be completed in
ink.

° Tn the case of multiple ehoice type questions, the question number and corresponding
answer letter dare to be written on the answer sheet.

® In the case of short answer type questions, the guestion and part number with vour word or
phrase choice is to be written on the answer sheet. '

® All relevant equations and working are to be shown in the case of calculation type
questions. '

SECTION A

In the following statements one of the suggested answers is best. Place the identifying letter of
your choice on your answer sheet.

1. The unit of inductance is the:
(a) Farad
(b) Ohm
(c) Watt
/Ed) heary
2. Compared to the inductance of a straight conductor, the inductance of an air cored coil will
be:
(a) equal
/ (b) greater
{c) less
(d) zero

3. Te increase the inductance of an iron cored coil, you would the
(2) decrease; CSA of the core
{b) increase; length of the core

(d) increase; number of coil turns

/(c) decrease; number of coil turns
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4.

5

If a miild steel core is inserted into an air cored coil, the inductance will di_l'e to an
increase in the

(a) decrease; reluctance of the flux path

(b) increase; magnetomotive force of the flux path

(c) increase; permeability of the flux path

(d) decrease; length of the iron core

The ideal size/shape of the core of an inductor will be:
(a) long with a small CSA

(b} short with a small CSA

(¢) long with a large CSA.

(d) short with a large CSA

For the following questions, complete the statements on your answer sheet with the word or

hrase you think fits best. . ; .
p y | i e 0o a&cﬂg Cowved LUO ¢ M i)
6. Mostinductor cores are made from laminated _ (a)___toreduce ___(b)__and___(c)
losses.
7. A non-inductive coil (as used in some wire wound resistors) is produced by

Accompany your answer with a diagram.

8. To increase the inductance of a coil, you would: [NOTE: Show (i) as either an increase ora
decrease!]
(a) __(i)___ the number of coil __ (ii)___
(b) _()____thelengthofthe __ (if)_
(¢} ___(1)___the cross sectional area of the _ (ii)___
(d) (i) the (i) __ofthe core CS P
9. To increase the sélf induced voltage of a coil, increase either the___ (a) __ of the coil, or the
m(b)“ of the flux linking the coil,
JoDorove ‘ _
10. An inductor opposes. .in current. wa b io
Jre "
11. A voltage of self mductance is an example of __ (a) __ Law in action, which states
S -
12. When determining the voltage of self inductance of a coil, the expression AD/At can be stated
asthe € .
(e dluedd [m(rvffiﬂ o
13. If the flux change linking a coil is increased, the _(a)__voltage will be ___(b)___
14. 1f the rate of change of current flowing through a coil is (a)___the _ (b)__ voltage will
decrease. dcateed  twcdued
130
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15. Draw the Australian Standard symbols. for the following, and give an example of an
application for each one:
(). an air cored inductor; Y
(b) an iron cored inductor; R —
(c) afixed ferrite cored inductor; T
(d) an adjustable ferrite cored inductor. M}?rm—;_:

SECTION B

The following: problems are to be solved with the aid of a calculator, Any working for 4 problem
is to be fully shown, Where a problem involves calculating for circuit conditions, a neat and fully

labelled circuit diagram (if not provided) is to accompany the question. Answers are to be
expressed in the appropriate multiple or sub-multiple.

16. Determine the inductance of a 100m length of straight 2.5mm’ single cored conductor,
Assume that the number Qfl-tums equals 1, and the pennea%ﬂity of air is 12.57x10” H/m
GlLalo®l) oMYA - %y i 37 % o5 f1ahIL

L= == 5 “

. X o
17. It the.conductor in question 1 is now wound to pljgduce an air cored coil of 3000 turns with a
cross sectional core area of 400mm”and an overall length of 50mm, determined the new
inductance. ( 90.5mH) awls 1183003 3 x Lo (453

e,
_—

_ e .
18. An aired cored coil of 400 turns has a cross sectional area of 1000mm? and a length of
125.7mm. If the permeability of free air is 12.57x] 07 H/m, determine the the inductance of

the coil. (1.6mH). ; _ g’}{ﬂ Lok 345 1 oo ((53)E

T |
19. If an iron core with a relative permeability of 1466 iS}iI)iLS%f%ﬁﬂ into the centre of the coil in -3
question 18 above; determine the new inductance of the coil, (2.24mH) . dpely lyp tﬁ! 7.43 T';’ 3L
- Lloww  fa
20.. A coil of 354 turns and a length of 350mmi has a cross sectional area of 50mm> . Déte'rmitie_ l2.63%63
the inductance of the coil with: o
: ; o I | | |
(@) -an air core (= 12.57x10 H/m) (22.51H) NS B 7_¥ . = .
: \f Y : - N 'S "3 4
(b) an iron core (uir = 180) (4.05mH) L= —g— =3 L_'_Mﬁ( 3]
(¢} amu-metal core (ur= 100x10%) (2.25H) 3Cong

21. An inductor with 600 turns has a flux linking it of 21'Sme. If this flux is reduced to zero in 5 -
milliseconds, determine the voltage induced in the coil 3kV) e N %c‘f_ - bou X 2_-".1‘:3‘-

22. Determine the flux change required fo generate 740V in an inductor of 150 turns if the flux > W3

changes in 10 milliseconds, (16mWb) e~ hdd - o [{ex el ¢
_ o af loxis >
23. Determine the inductance of a coil of 120 turns when a reduction of the coil currerg_t_ fmf;}n

2.0A 10 0.4A produces a reduction of the core flux from 25mWb to-9mWb. (1 2H)
L2 MdG/al s L lrox Q09 )xi3 4 (.4
24. Aninductor of 1.5H has a flux change of 20mWh when the current changes by 5A. For these.
conditions, determine the number of coil turns of the inductor, (375)
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Section 7

tUTUAL INDUCTANCE & R-L CircuiTs

PURPOSE:

This section introduces mutual inductance and the time constant of the resistive-inductive
DC circuit.

‘TO ACHIEVE THE PURPOSE OF THIS SECTION:

At the end of this section the student will be able to:
® describe what is meant by the term mutual inductance
® list practical applications for mutual inductance

® define the term “time constant’ as applied to a series circuit containing an inductor and

-a resistor (R-L circuit)

® calculate the value of the time constant for an R-L circuit given the values of the

components

® state the number of time constants required for the current in an R-L circuit to reach its
final value

@ calculate the instantaneous values of voltage and current in an R-L circuit using a
universal time constaiit chart.

REFERENCES:

El‘ec'trical._?rinciples. for the Electrical Trades. 4th Edition. Jenneson JR.
Pages 114-118.
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Applied Electromagnetism (6077H - NUED45) - Section 7 - Mutual Tndustance & R-L Circuits

1. SELF INDUCTANCE

As shown in section 6, if a coil is connected. to a battery as in ﬁ_'gure 1, then the energising
current-produces a magnetic flux which links the coil.

Figure 1
As the flux builds up whilst the current i_s.bein_g established an emf is induced in the coil the
maghnitude of which depends on the -
® number of tumns in the coil
® the rate at which the flux increases.

The emf so induced is called an emf of L"JJ\ I\m oébtufdj {lo. { '}' 5’@{'

Accordingto Lenz’s law -

® the direction of the emf of self induction must always be such that it tends to produce a
current which would o) fter the increase of flux. [ ey lae”

When the switch is opened - €>—
® the current falls to g)?/\f{}
¢ consequently the flux produced by the current also falls to :
@ during the time, in which the flux is falling, an emf is induced due to the cutting action
of the flux falling through the coil conductors. _ .
Again, this emf is known as an emf of Q&Qﬂl‘ lm\ch&rg d
® by Lenz's law the direction of the emf of self induction must be such that it tends
the falling current and subseqiient decrease of flux.

-

The emf of self induction will always have a polarity such that it an

icrease or decrease in cuirent. For this reason, the emf of self induction is often kiown as
the -

The property of a conductor or coil to produce an emf of self induction and jis subsequent
opposition to a change in current is known as the -

RN or ifibiecdil
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2.

Example: 1

A coil of 1500 turns carries a current which establishes a flux of 0.01Wb. If it takes 0.05
seconds for the current to reach its steady state value, determine the-self induced emf of the
¢oil.

MUTUAL INDUCTANCE

Consider the two coils'A and B in figure 2. The galvanometer connected across the terminals
of coil B is used to detect the presence and direction of any induced emf in coil B.

. L. e h d o
: — : My
l = g O
Figure 2
‘When the switch is closed -
@ the current in coil A builds.up.a magnetic field, a considerable part of which links. coil

B
® an emf is induced in coil B
° the galvanometer will deflect momentarily and then return to zero.

If the current in coil A i interrupted by opening the switch, or if it is altered in magnitude -
o the magnitude of the flux linking B is changed
® thereby inducing an emfin B’
® the deflection will reverse and the galvanometer pointer again returns to zero.

The reversal of the direction of induced emf is due to the reversal of the direction of motion
of the flux. Because coil B is in such a position with relation to A that an emfis induced in
B, due to a change of current in A, these two coils are said to possess the -

‘property of

The induced emf in coil B is therefore referred to -

asan
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Applied Electromagnetism (6077H ~ NUE045) - Section 7 - Mutual Inductance & R-L Circuits

If two electric circuits possess the property of mutual inductance they are said -
to be

The two coils are _or _ coupled depending on whether
all, or only a part, of the magnetic flux links with both coils. The tightness of the coupling is
mcreased by the use of an iron core through both coils.

The unit of mutual inductance is the «

Mutual inductance is defined in the following way -
—

Two coils have a mutual inductance of one hénry when an emf of one volt is
induced in one coil by a current changing at the rate of one ampere per second in
the other coil.

Applications for mutual inductance include -
®  the transformer
® car ignition systems
® switch mode power supplies
@ clip-on ammeter (tong tester).
3. R-L CIRCUIT
When power is first applied to a resistive DC circuit the current rises instantly from zero to
its steady state value, as shown in figure 3.
AT I
” L4 100mA
— R
10V _ . : X
_T 100Q :
- I : -1
switch _/1 ' : switch
closed open
Figure 3
The value of the steady state current can be determined by applying Ohm's law:
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‘When an inductor is connected in series with the resistor, forming an 'R-L circuit' -

® the ?Nduhltl \(? l)‘& Uf(},?_, of the inductor opposes any change in current.

That is, when current is -

e increasing the self-induced emf opposes the __ i (~tpot of current

® decreasing the self-induced emf opposes the current cﬁﬁf\rﬁciﬁom

Figure 4 shows the effect of the inductor self-induced emf on the growth of current at switch
on and switch off. '

I
100mA| -
1009 [,/KA \,4
? >t
switch ] \ o
closed _ switch

open

Figure 4

The time taken for the current to increase from zero to its maximum or steady state value is -

™ : 21 circuit inductance

e i circuit resistance.

The ratio of the inductance (L) to the resistance (R) is referred to as the -

‘I;'l‘tv-e. r'r;ny-Q&‘ Oond for the circuit,
‘Where, by definition, the time constant is the time taken for the current to:

® increase to 63.2% of its final or steady state value after switch on
° decrease to 36.8% of its maximum or steady state value after switch off.

The time constant for the R-L circuit can be determined provided the resistance and
inductance values are known -

L
T’”Vi

where: T = time constant in seconds (S)
L =circutt inductance in henries (H)
R = circuit resistance in ohms (£2)
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Example: 2:
For the circuit of figure 5, calculate;
(a) the circuit time cons_t'ant
(b) the final or steady state value of current,

| L T
T-5. 4.

. R=
e PR 021 []
L=4H
Figure 5

The curve shown in figure 6 iI'Iustra'tes how the current increases in an R-L circuit at switch
on. It should be noted that the shape of the curve is the same for all R-L circuits.

99.3mA
98
LZmA 95 |
B6.5mA
63.2mA
: : _ 3
2 di 6 8 10 __ >
) (’f;;f_s (i xz (ﬁ x_l:} (@_\} ( gﬁ‘} aconds

Figure 6

Reference to the curve of figure 6 shows the time taken for the current to reach its final or
steady state value is equal to -
(ULec
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‘When the DC supply is removed and the inductor is shorted across the resistor, as shown in
figure 7 -
® the magnetic field of the inductor will collapse, inducing a voltage which opposes the
current decay.
That is, the induced voltage does not allow the current to dfop instantly to zero, but
maintains the current flow in the same direction as the original current for a period of time.

Figure 7

‘The time taken for the current to fall from its steady state valoe to zero is 5 time constants, as
shown in figure 8,

] Maximum

Seconds.

With reference to the curve of figure 8, it can be seen that after one time constant the current
drops to 36.8% of its steady state-value.

Again it should be noted that the shape of the current decay curve is the same for all R-L
circuits..
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Example: 3
For the circuit of figure 9, calculate:
(a) the circuit time constant
(b} the circuit steady state current.
(¢) the circuit current one time constant after switch on
(d) the circuit curfent one time constant after switch off

e

L 59
L~ R =
Ly

4
T e
\9 &y
-

g = = % ;d-_c - Bgree
_!

4. UNIVERSAL TIME CONSTANT CHART

The graph presented in "ﬁ_gure' 10 are known is the 'universal time constant chart.
100 —k : _ .

o0

\ 4~ CURVE A

p— ety i

‘820 -
70 za

F N

é -5a X

T 74 -

ot 7 N L

20 - - [ i -

" ' \1..,-\“ CURVE B | :

o TR

0 1 2 3 4 5
THAE CONSTANTS

Figure 10
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‘The curves A and B are applied in the foIIowjng way to.an R-L circuit.

At switch on -
® curve A represents the-  circnit current
voltage across the resistor
®  curve B represents the - voltage across the inductor

At switch off -

® curve B represents the - circuit current
voltage across the resistor
voltage across the inductor.

Example: 4
For the circuit of figure 11, calculate the current flowing in the inductor ImS afier the initial
application of power.
- T°
T Ea "”é L A 10kQL
ks L=5H
- T) e w . Figure 11
| - [m{l(;g (1 x(c/
| 5
= lo e
20 |
- IO e i
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Example: 5

For the circuit of figure 12, calculate the current flowing in the inductor -
(a) 0.9mS after the initial application of power.
(b} 6mS after the initial application of power.

3 @’ﬁ bo 40v_I_

R I e

—_ /FC L=12H

1-:_((6)) c _ oy 3(_[_0_? Figure 12
.-'} ”'L~.
. Hoxit” @
\C

ok sk e e sk sk e o ook skl d bk ok
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Name: _ Practical 6

IUTUAL INDUCTANCE

PURPOSE:
This practical assignment will be used to examine mutual inductance and the degree of
coupling that exists between two mutually coupled coils.

TO ACHIEVE THE PURPOSE OF THIS SECTION:

At the end of this ‘practical assignment the student will be able to:

®.  Describe the operation of mutual induction when one of two mutually coupled coils is

supplied from a DC source.

® Describe the operation of mutual induction when one of two mutually.coupled coils is
supplied from an AC source.

® Explain the effects of varying the coupling between mutually coupled coils.

EQUIPMENT:

1 x 24V, 50Hz AC power supply

1 x digital multimeter

1 x dual coil panel

3 x soft iron cores - 1 of each 6mm, 12mm and 15mm
1:x 1.5V cell

1 x 60-0-60pA centre zero microammeter

4mm connecting leads

OO0OO00O0od

NOTE:
This practical segment is to be completed by students-on an individual basis.

The time given per student is to be no longer than 40 minutes at the bench.

- REMEMBER -
- WORK SAFELY AT ALL TIMES -
observe correct isolation procedures
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Applied Electromagnetism (6077H - NUE045) - Practical 6 - Mutual Inductance

PROCEDURE :

1.

s

MUTUAL INDUCTION WITH A DC SUPPLY

- Arrange the equipment on the bench in a neat and logical manner.

2. Connect the circuit as shown in figure 1. Do not insert an iron core.

T

Coil 2.
{ s N
L \_/
1.5V cell 60-0-60pA DC.
Figure 1

Close the circuit switch and note the polarity and magnitude of any deflection on the
microammeter,

Open the circuit switch and note the polarity and magnitude of any deflection on the
microammeter.

Insert the 6mm iron core into the centre of the two coils.

Close the circuit switch and note the polarity and magnitude of any deflection on the
microammeter,

Open the circnit switch and note the polarity and magnitude of any deflection on the
microammeter.

8. Repeat each procedure, if necessary, to obtain your results.

144

South Western Sydney: Institute 6f




Applied Electromagnetism (6077H - NUE(43) - Practical 6.~ Mutual Inductarice

10.

11.

12,

13.

14.

15

16

17

18.

- Remove the 6mm iron core and insert the 12mm iron .core into the centre of the two

coils,

Close the circuit switch and note the polarity and magnitude of any deflection on the
microammeter.

Open the circuit switch and note the polarity and magnitude of any deflection on'the
microammeter.

Repeat if necessary.

Remove the 12mm iron core and insert the 15mm iron core 1r1to the centre of the two
coils.

Close the cifcuit switch and note the polarity and magnitude of aniy deflection on the
microammeter.

Open the circuit switch and note the polarity and magnitude of any deflection on the
microammeter.

- Repeat the procedure if necessary.

Close the- circuit swiich and leave closed, then note the polarity and magnitude of any
deflection on the microammeter.

Do not proceed until the teacher checks your results and completes the progress table.

Progress Table 1
attempt 1 | attempt 2 | attempt 3
A B C
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19. Reconnect the cireuit as shown in figure 2.

T TT

Coil 1 Coil 2
SN B S
() - .
U T
60-0-60pA DC. 1.5V cell
Figure 2

20, Insert t_he 15mm iron core.

21. Close the circuit switch and note the polarity and magnitude of any deflection on the
microammeter.

P

22. Open the circuit switch and note the polarity and magnitude of any deflection on the
microammeter.

23. Repeat the procedure if necessary.

24. Close the circuit switch and leave closed, then note the polarity and magnitude of any
deflection on the microammeter.

o 25. Do not proceed until the teacher checks your results and completes the progress table.

Progress Table 2

attempt | | attempt.2 attem'pt'B
A B C
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2. MUTUAL INDUCTION WITH AN AC SUPPLY

1. Connect the circuit as shown in figure 3. Do not inisert a soft iron core,

AC Digital inul_timeter
20V AC

Fig_lJre' 3

2. Do not proceed until the teacher checks your ¢ircuit and completes the progress table.

Progiess Table 3
attempt 1 | attempt 2 | attempt 3
A B | ¢

3. Switch on the 24V AC supply, then measure and tecord the value of voltage induced into
coil 2. Record in table 1,

Table 1
| Voltage Applied to | Voltage Induced in
Coil 1 Coil 2
Air Core
6 mm Iron Core:
; 24V
12 mm Iron Core
15 mm Fron Core

4. Insert the 6mm soft iron core, then measure and record the value of voltage induced info
coil 2. Record in table 1.

5. Insert the 12mm soft iron core, then measure and record the value of voltage induced into
coil 2. Record in table 1.

6. Insert the 15mm soft iron core, then measure and record the value of voltage induced into
coil 2. Record in table 1.
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7. Do not proceed until the teacher checks your results and completes the progress table.
Progress Table 4

attempt 1 | ‘attempt 2 attempt 3
A B C

8. Switch off the power supply, then disconnect the circuit.

9. Please return all equipment to its proper place, safely and carefully.

3. OBSERVATIONS:

1. What is mutual inductance?

2. When is an emf of mutual inductance produced, when one of two mutually coupled coils
18 supplied from a DC source?

3. When is an emf of mutual inductance produced, when oné of two mutually coupled coils
1is supplied from a AC source?

4. What is meant by the term couplirig, as applied to two mutually coupled coils?
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.. Of the four cores used in this assignment, which provided the tightest coupling between
the coils?

- How could the coupling between the two coils used in this assignment be improved?

. Will two mutually coupled coils work either way round?

8. What factors affect the level of induced voltage prodiiced in a coil as & result of mutual

inductance?

o

8ok e e ofe o e o o ok ok o ke sk ok
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Tutorial 7

utual Inductance

Please note the following requiremenits in relation to tutorial work -

e All tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled
together. Write-on one side only of the answer sheets, and all work is to be completed in
ink.

© In the case of multiple choice typé questions, the question number and corresponding
answer letter are to be written on the answer sheet,

® In the case of short answer type questions, the question and part number-with your word or
phrase choice is to be written on the answer sheet.

© All relevant equations and working are to be shown ‘in the case of calculation type
questions.

SECTION A

In the following statements one of the suggested answers is best. Place the identifying letter of
your choice on your answer sheet.

1. Mutual inductance is defined as the magnetic linkage between:
~ (a) asingle coil and its' flux
* (b) any number of adjacent coils
(c) an inductor and a resistor
(d) the flux and the magnetic core
2. A transformer operates on the principle of:
(a) self inductance:
(b) core inductance
/ (¢) mutual inductance
(d) coil inductance

s

3, If a current change occurs. in a coil, an emf of self induct'io_n i8 induced in the coil. This
‘induced emf is commonly known as a and is explained by
/ (2) back emf; Lenze's Law
(b) back emf, Ohm's Law
(¢) mutually induced emf; Faradays Law
(d) mutually induced emf; Lenze's Law

4, The unit of mutual inductance is the:
, (a) Farad
/ (b) Henry
(c) Obm
{d) Teslas
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5. To increase t_he time constant of an LR eircuit, either

the resistance value.
(a) increase, increase
(b) decrease, increase

/ (c) increase, decrease

(d) decrease, decrease

the inductance value or

For the following questions; complete the statements on your answer sheet with the word or
phrase you think fits best.

6.

-

If two or more coils are joined by the same magnetic flux, the coils are said to be (a) |

by_(b)_an@q\jﬁ(c Aty

ik ]

< L%MW Lo Wired] oI

7. Two common applications employing mutual inductance are (a)..__and (b).—_. e
8. When installing power cables and —{a}___ cables adjacent to each other, the cables are
segregated to avoid problems associated with ____(b)____induced into the data cables due to
— ©_ono il fromn dlcne vo tdese . |
cedl ) fonclu (Fev
9. An LR circuit is set up when a resistor is connected in__{a)~__ withan___(b)___ .
. w T Atontfot  der~ere
10. Increasing the resistance of an LR circuit will cause the (a___ to (b)__ , whilst
increasing the __ (b)___ of an LR circuit will cause the time constant to (e)_.
N P Ty RN 4
11. For voltages of self inductance or mutual inductance to occur, there must be — (&
betweenthe __(b)___andthe_ (c) .. erectey A LITC Loy
_ Pexiveapmy  Lewgenddowg oo & _ \
12. If an inductive circuit is open circuited, therapidly __ (a) __ magnetic field can (b
dangerously high __(c). . QNG (ot
» ) Vo (taye _
13. Any cireuit circuit capable of producing magnetic —(a)___has the property of ___(b)
| o o tevcigenef TC
14. Cut and paste the diagram of figure 1 to your answer sheet, Crcbeco dFTom
Identify and label the following:
(a) the input or primary winding
(b} the output or secondary winding g
(c) the magnetic core A . b
(d) show and label the core flux -
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SECTION B

The following problems are to bé solved with the: aid of a caleulator. Any working for a problem
is-to be-fully shown. Where a problem involves calculating for circuit-conditions, a neat and fully
labelled cireyit diagram (if not provided) is to accompany the: question. Answers are to be
expressed in the appropriate multiple or sub-multiple.

they are cut by a magnetic flux with a rate of change of flux of 10mWb/5mSec. (500V &
1200 Vi MC% 2 1804 10 *‘.?;3’ s V> Gooy loxié3

15. Determine the voltage induced in two adjacent coils of 250 turns & 600 tums respectively if

16. Determine the change in flix of a co?liw%%g% 2&) turns if 240V is induced in%; %ﬁ; %:o'il- in
10mSecs. (2mWb) vz M%& — Loz {199 « d‘d_.a dd -~ %%LS X_thgg

I7. For the coil in question 17., determine the voltage that isltfgat?cé’d if the flux of IEme
collapses in 2mSec. (1.2kV) V= hoox EEL_%B

18. A coil of 30mH is connected in series with a resistance O%ﬁb%ﬂ When connected to a 36V

DC supply, determine: P ; -3
2) the i tant of the cireuit; (250uSec) [ = =5 . SLXD2
(a) thetime constant of the circui 5 {250uSec) R~ 1o ,_L/ |

L
(b) the circuit current after one time constant; (189.6ma) ¢ )~

A SN o Tio) € Lol
(c) the steady state circuit current. (3 OOmA)' 26 ) é— |
19. For the circuit of figure 2, determine: 6= ﬁ;—, = 200%n »310% B
(a) the time constant of the circuit (6.81mSec) 1
(b) the current after one time constant with the switch in Al g 5
position "A" (34,5mA) e 2200
(¢) the steady state current with the switch in position "A" Ry |
(54.5mA) L
(d) the current afier one time constant with the switch in ." --éijsg%ums
position "B" (20mA) __ -
\ (€) the time taken for the current to fall to zero (34mSec) A5y
* (D if the flux in the coil at steady current is 140mWh, Figure 2

determine the voltage induced in the coil as the current
collapses to zero. ( 1kV)

" 710 — "L’/
(s - “'{{’E I L e 4 -
) TlAy~ Tley € ° — x i

(0\‘] T-l -—'(:* = 9 - Ggl(‘m&fz.(

195 T T
. : [ _ |
(c) Te)s el Qq.f.jm-ﬁ (er= e=H
~ o =]
Coh) T4y 5 ol o &2 - = *é‘-?"; e =
: :‘: SOumWetem:Sydne Tnstitute of _ ‘Q’:_J“_ 153 |
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Section 8

THE DC GENERATOR

PURPOSE:

This section introduces the principle of operation of the DC generator.

TO ACHIEVE THE PURPOSE OF THIS SECTION:

At the end of this section the student will be able to:
® state the basic operating principle of & generator.
@ apply Fleming's right hand rule for generators.
® calculate the emf produced by a simple generator.
© identify the main components of a dc rotating machine.
® draw the connections and equivalent circuit of a separately-excited generator.

REFERENCES:

Electrical Principles for the Electrical Trades. 5th Edition. Jenneson 1.R.
Pages 267-272, 268, 272-274 and 278-282. '-
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1. INTRODUCTION

Electric machines, motors-and generators, have electric circuits and magnetic circuits
interlinked through the medium of a magnetic field. Electtic currents flow through the
electric circuits which are made up of windings and magnetic fluxes “flow” through the
magnetic circuits which are made up of iron cores.

Interaction between the currents aﬂd.ﬂqus is the basis of the electromechanical energy
conversion process that takes place in both generators and motors.

Thus magnetic circuits play an essential role in electric machines and transformers. In this
section we examine the basic principles as applied to generators.

2. THE DC GENERATOR

The purpose of a DC generator is to conivert energy to energy.
The output energy from the generator appearing in the form of a2 DC voltage and current.

This concept is illustrated in figure 1.

Input

Prime Mover

D _ Output

S c S
; Generator

Figure 1

Note, the generator must be driven by a prime mover - that is, the prime mover provides the
mechanical input energy.

The action of the generator depends on the principle of

According to this principle, a conductor moving with its Iength perpendicularly across a
magnetic field has an emf induced in it, the magnitude of which is proportional to the flux
cut by the condunctor per second.

In order to-apply this principle to the practical conversion of mechanical energy into
electrical energy, it is necessary to provide:

® a in which the motion can take place.

® g gystem of in which the.emf's are induced by the motion

® suitable arrangements for maintaining contact between the system of moving
conductors and the external circuit in which the current is utilised.

156
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GENERATOR OPERATION

The general arrangement of a generator, reduced to its simplest form, is illustrated in. £ gure

rotation

Figure 2

In this arrangement we have a simple loop of wire rotating in the magnetic field between two
magnetic poles:N and S. The single loop of wire is embedded in a cylindrical iron core called
the armature.

With the armature in position, the flux is concentrated where it is needed, namely, across the.
‘narrow gaps between the pole faces and the armature surface. F igure 2 shows approximately
the shape of the flux path in the generator.

Consider one full rotation of the armature, starting with the loop in the position shown in
fi gure 3. Appii_c_a_ti_on of Fleming‘s Right Hand Rule allows the direction of the induced emf
to be determined.

At 0%
The sides of the loop a and b are running
parallel to the lines of magrietic flux.

The induced emf =

rotation

Figure 3

At 90°:
The sides of the loop are cutting across the
lines of flux at right angles.

The induced emf =

totation

Figure 4
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At 180% |
Again the sides of the loop are moving parallel
to the lines of magnetic flux.

S
The induced emf =
rotation
Figure 5
At 270%
The sides of the loop are cutting across the:
lines of flux at right angles. .

The induced emf =

‘Totation

Figure 6

As can be seen in -.ﬁ_g_ures 3, 4, 5 and 6, the emf within the loop has undergone a complete
series of changes during the revolution of the armature, as represented graphically in figure
7

+ A
L
=] _ . o
_g o0 . 2900
o 0 } - { —f— > Degrees
=1 180° 360° '
0 :
2 :

—¥

Figure 7

The complete series of changes is termed an alternating emf, and the graph represents one
complete cycle. '

If the emf when acting in any given direction around the circuit is regarded as positive, and is
represented by drawing the graph above the horizontal zero ling, then the emf after reversal
is:distinguished by the negative sign, and when represented. graphically is shown below the
zero line;

Continuous rotation of the armature would produce a regular succession of complete waves
or cycles of emf at the'rate of oii¢ cycle per révolution,

158
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If the circuit were closed, the resulting current would follow the variations of emf and there
would be an alternating current in both the armature winding and the external circuit. Thus

the machine we have been studying is an elementary form of alternating current generator,
that is, a simple alternator.

Altemating currents are suitable for many purposes, but there are some applications in
electrical work which require currents in one direction only.

The modern type of machine for producing unidirectional curtent is essentially an alternator,
as described above, which is fitted with a commutator that automatically changes over the
connections betweern the armature winding and the external circuit, whenever the polarity of
the generated emfis reversed. '

In its simplest form, the commutator is merely a short length of metal tube, split lengthwise
into halves and mounted on a cylinder of insulating material which is keyed to the shaft. See
figure 8.

(@} Loop a¢ 90°
Figure 8

During rotation of the armature, the conductors ab and cd have an emf induced in each

exactly as occurs in the simple alternator. While ab passes between 0° and 180° the upper
brush is of positive polarity and the lower brush is negative. '

While ab is passing between 180° and 3 60°, its emf is reversed, compared with that
generated during the first half revolution.

{8 Loop at 270°

Figure 9 e
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Consequently the polarity of the upper brush would be negative if it were still connected to
ab; however the commutator has automatically changed the connections of the coils to the-
brushes so that the top brush is now connected to cd. The commutator thus ensures that the
brushes maintain the same polarity.

Figure 10 is a-graphical representation of the emf obtained at the terminals of the simple DC
generator. Notice that the graph-is simply the wave of figure 7 with its negative half inverted,
orrectified.

+ A

- - S - - - -

Induced emf

s [ g
o ; - » Degrees
a0° 130° 270° 360°

Figure 10

4. VALUE OF GENERATED EMF

Ithas already been ‘established that when a conductor cuts flux at the rate of one weber per
second, an-emf of one volt is induced in the conductor.

It is-a simple matter therefore to calculate the vatue of generated emf in a generator, provided
the following values are known -

o _ of the ma gnetijc field
o of the conductor within and at right angles to the field
L at which the armature conductors cut the magnetic field.

As before, the combination of these three factors gives the equation -

Example: 1
A single conductor having a length of 200mm is moved through a magnetic field with a flux
density of 0.5T at a velocity of 12m/s. Calculate the emfinduced in the conductor.
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Example: 2

A single loop of wire is moved through a magnetic field with a flux density of 0.5T at a
velocity of 1 2'mfs. If each side of the loop has a length of 200mm within the field, calculate
the emf induced in -

(a) one side of the loop

(b) the loop.

Example: 3

A DC generator armature is wound using 6 series connected coils of copper wire. Each coil
‘has 40 tums and each side of a coil is 250mm long, If the armature is rotated in a magnetic

field of 0.8T at a velocity of 10m/s, determine the emf induced in -
(a) ohe half turn
(b) one tum
(c) -one coil
(d) the entire armatire.
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5. EXCITATION OF DC GENERATORS

The magnetic field, required in a generator, can be provided by -

@ permanent magnets
or

® electromagnets - always used as field systems in dc machines of appreciable size.

Since the emf induced in the armature conductors depends upon the strength of the magnetic
field in the air-gap, the emf generated by a generator having an electromagnetic field system
is easily controlled by varying the current in the field coils.

Generators are classified according to the source of the current for field excitation as being:

e -excited

@ -excited.

6. CONSTRUCTION OF DC MACHINES

Figure 11 shows the general construction of a dismantled dc machine with the main parts
identified.

Torminel stud

Brushes and brush holder’

Commutetor end beering ahtetd

Deive ond bearing ehield

Figure 11
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The main’ components of a dc machine are -
e frame or yoke -
completes the magnetic circuit
+ made of a material of high permeability, such as cast steel or fabricated rolled steel
» acts as a rigid frame to which the poles and end shields are bolted and to which
mounting feet are welded or cast,

Figure 12.

¢ field poles and field coils -
e'ach main pole is an assembly of steel laminations 1 to 1.5mm thick riveted
together and of the same length as the armnatire.core
- ‘the field pole provides a seat to support the field coil
« generally a given number of poles (eg. 2,4, 6) covers a given output range - the
larger the output the greater the number of poles
« the field coils magnetise the pole cores

. the.connec_t_i_ons of the field coils are such that the magneti¢ polarity of consecutive
pole shoes is alternately north and south.

Lhomfered. to avoid
culting Lol insitotio

Figure 13 Figore 14
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® armature core -
- made up of iron laminations, with very good magnetic characteristics and low iron
loss
+ each 'Iar‘ninati_'(m is insulated to reduce eddy current Iosses.
» slots are notched on the periphery - the armature coils are fitted into these slofs
- clamped between two end plates and keyed to the shaft
- holes are provided in the core to allow cooling air to pass through
« the shaft is usually made from steel of a high tensile strength.
- the bearings are generally ball or roller bearings.

Figure 15

® commutator -

+ the commutator which consists of a number of hard-drawn copper segments or bars
insulated from one another by strips of mica

+ the leads from the armature coils are soldered to the segments

» must be machined to a high degree of accuracy to ensure & smooth true surface for
brushes to run on at all speeds.

mica

~ segment

____ e
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e brush gear and brushes -
¢ collect current from, or supply current to, the armature
+ the brushes are usually made of carbon or graphite and held in brush-holders

+ the brush holder holds the brush in position, allowing it to slide up and down but
preventing side movement

+ a spring presses the brush firmly on the commutator

<Brusti-Holdar Spring

Brush
' Clomp
{O e
Ny S 1 N B :
: i i : Rocker Arm i
! : .
s i il
Bruah Holder o —~ ——
Comm
Rotation _
Figure 17 Figure 18

The arrangement of a fully assembled machine is shown in figure 19.

pole piece fiet_;j
iron fr'a\m'e @ / ‘_:0'
brush _ Y DA -
VQkE ' brushes : A% :
& 2l \ shaft
Z \
» =
i
) &
1/ y L)
_ o armature = ’ J \=
commutator i
Figure 19
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e

7. SEPARATELY-EXCITED GENERATOR

A simple method of exciting the field coils of a dc geperator is to gonnect them to an
external source of dc supply, as shown in figure 20.

Figure 20

The field coils of the four-pole machine are shown connected in series with one another and
to the terminals F, and F,, located in the terminal box.

The brushés are connected to the terminals A, an_d.'Ag, also located in the terminal box.

If the field coils are connected to an external supply, as shown in figure 21, the generator is
said to be separately-excited.

+o—¢u ' O

A
Field E " a
‘Rheostat ?
pC Field < :
Supply Winding Q Armature Load
- . i
—O 2 O—
Figure 21

As shown in the diagram a variable resistor or “field rheostat”is usually connected in series
with the field winding to control the value of generated emf by varying the field current.
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The equivalent circuit of the separately excited generator is s_I'ioWn in figure 22.

E A
+ _ ' . O+
Field Fe
Rheostat f {
: Field
oC el L
Supply Wmdmg“ v Load
' e
I,__|__ -:
LI
~o I T o
Figure 22

The equivalent circuit consists of the following -
R, = field winding resistance, measured in ohms
R, = armature resistance, measured in ohms
Eg= generated armature voltage, measured in volts e
V.. = load terminal voltage, measured in volts

Separately-excited generators are used in situations where it is more convenient to operate
the generator fields at'a diffetent voltage from that generated by the armature. Separate
excitation permits accurate and wide-range control of the anmatute output voltage; the
excitation is not affected by changes in speed and load,

8. GENERATOR OUTPUT VOLTAGE:

The output voltage of the generator is dependent upon three factors -

® the field in webers

e ‘the at which the. generator is driven in rpm .

e constructional features of the machine, p_articula'rlyt'the armature. These features are
beyond the scope of this module and will not be covered.

The product of these three values allows the value of the generated voltage to be calculated -

where: Eg = generated emf in volts
k = machine constant based on constructional features
¢ = field flux in webers
n = armature speed in rpm
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Example: 4
A separately-excited. generator has an effective field flux of 0.08Wb and is operated at a
speed of 360rpm. Determine the generated voltage if the machine constant is 15.

Example: 5
I{ the field flux for the generator in example 4 was increased to 0.1Wb, what would be the

-value of the generated voltage. The speed and machine constant are unchanged.

Example: 6
The generator in example 4 is operated with an effective field flux of 0.08Wb and a speed of

'500rpm, what is the generated emf.

skt sk ook s okok o K kb sk sk e sk kol ok
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Tutorial 8

THE DC GENERATOR

Please note the following requirements in relation to tutorial work -

@ All tutorial work is to be ‘completed on ruled A4 pad Ppaper, with multiple pages stapled

together. Write on one side only of the answer sheets, and all work is to be completed in

ink.

® In the case of multiple choice type questions, the question number and corresponding

answer letter are to be written on the answer sheet.

® In the case of short answer type questions, the question and part number with your word or

phrase choice is to be written on the answer shieet.

® All relevant equations and working are ‘to be shown in the case of calculation fype

questions.

SECTION A

TIn the following statements one of the suggested answers is best. Place the identifying letter of

your choice on your answer sheet,

1. A DC generator converts energy to énergy.
(a) electrical, mechanical
(b) electrical, electrical
(¢) chemical, electrical
(d) mechanical, electrical

2. The principle by which emf’s are generated in a DC generator is:
(a) electromagnetic induction.
(b) Lenz’s law.
() self inductance.
(d) chemical reaction.

3. The function of the commutator ini a DC generator is to:
(a) connect the AC generated in the windings directly to an external circuit,

(b) convert the AC generated in the windings.to DC when connecting to an external circuit,

(¢) supply ai external current to the afmature to drive the generator.
(d) allow the generator to be converted to a motor.

4. The windings for the magnetic field system are mounted on the:
(a} armature.
(b) commutator.
(c) frame.

South Western Sydney Institute Of
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{d) pole cores.

5. The value of the generated emf’s in the armature conductors is to the field fhux, and
to the armature speed.
(a) proportional, proportional
(b) proportional, inversely proportional
{c) inversely prbportiona‘l_,_ proportional
(d) inversely proportional, inversely proportional

6. To increase the output of a generator you could either the field current or the
-armature speed.

(a) decrease, decrease
(b) increase, decrease

{(¢) increase, increase.
(d) decrease, increase
7. The relationship between current, magnetic flux and the force applied to a conductor within a
generator can be determined by:
{a) Fleming's right hand rule,
(b) Fleming's left hand rule.
(c) Faraday's right hand rule.
{d) Faraday's left hand rule.

SECTION B

For the following questions, complete the statements on your answer sheet with the word or
phrase you think fits best.

The conductors for the field system of a generator are located inthe __ (1)___

To connect the generated emf’s to an external circuit, a _ (2)___. and carbon (3)____
employed.

‘The function of the —(4)___istoconvertthe ___ (5) _ voltage generated within the armature
conductors to the___ (6)___ voltage available at the generator terminals.

‘The generator field is either —(7)___excitedor ___(8)__ excited.

To determine the polarity of the induced emfs within the armature conductors you would use
—9 __

Maximum emf will be induced in the armature __ (10). _ when cutting the field flux at
N 08 ) I '

If more turns are added to the armature conductors, the generated voltage will _ (12)___

The emf induced into a conductor is proportional to the ___(13)___ of the magnetic field, the
___{14)___of the conductor and the ——(15)__. of the conductor throngh the magnetic field.
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SECTION C

The following problems are to be solved with the aid of a calculator, Any working for a problem

is to be fully shown. Where a problem involves calculating for circuit conditions, aneat and fully
labelled circuit diagram (if not provided) is to accompany the question. Answers are to be
expressed in the appropriate multiple or sub-multiple.

1.

A single conductor of 150mm length is rotated through a field flux of 0.8T at a velocity of”
10m/s. Determine the emf induced in the conductor, (1.2V)

Determine the flux density of the magnetic field required to generate 12.6V in a conductor
with an effective length of 2m which moves through the magnetic field at 90° with a uniform
velocity of 10.5nv/s. (0.67T)

. ‘A generator is wound with 6 series connectéd coils, each wound with 40 turns, If the length of

the armature is 200mm, the density of the flux is 1.25 Tesla and the armature rotates with a
velocity of 2m/s, determine the generated output voltage of the generator, (240V)

. A separately excited generator has an effective field flux of 0.02T, and is spins at 400 rpm. If

the machine constant is 12, determine the generated voltage. (96V)

For the diagram of figure 1, label the following:
(a) the frame

(b) the field coil

(c) thearmature

(d) the field pole

Inchude the diagram with your answer sheet,

Figure 1
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6. For the diagrams of figure 2(a) to 2(¢), determine the direction of current flow through the
conductors “a” and “b”, and show the currents on the diagrams.

-
, o
(d) 270
Figure 2
+ A
Fas.
g
O
o
P 33
E 0 + + = — ! >
g 90 i80 270 360 Degrees
G
R
Figure 3
7. State the method used to determine the direction of the induced currents in the conductors.
8. On the axis.of figure 3, neatly draw the output waveform if the generated emf is connected to
an extemal circuit via a commutator and brushes.
Add this sheet fo your aniswer sheets
Sekkdok gok okl dkck b kb kb ke ok Rk
—

172 South Western Sydney Institute Of




Secticn 9

GENERATORS - PART 2

PURPOSE:;

This section introduces the load and no-load characteristics of the separately excited DC
generator,

TO ACHIEVE THE PURPOSE OF THIS SECTION: ¥

‘At the end of this section the student will be able to:
o describe and interpret the no-load characteristic of a de generator.
® describe the effects of armature reaction on the operation of a dc generator.
® describe andinterpr’et-the load Character_istic' of a separately excite_d dc.generator.
@ calculate voltages and currents associated with separately excited d¢ generators.

REFERENCES:

Electrical Principles. for the Electrical Trades. 5th Edition. Jenneson J.R.
Pages 270-276 and 277.
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1. GENERATOR OPEN-CIRCUIT CHARACTERISTIC

The open-mrcmt characteristic is often referred to as the “saturation” or “magneétization
eurve”, since it indicates the degree of magnetization of the magnetic circuit of the machine.
This follows from the fact that the generated emf varies with the flux per pole of the
generator, when all other quantities affecting the generated emf are constant.

The curve is obtained by driving the generator at a constant speed, while the field current
(obtained from a separate source) is-increased in steps from zero to its maximum value. At
each value of field current the open-circuit voltage is measured. Figure 1 shows the circuit
atrangement for determination of the open-circuit characteristic,

O
Co Arniature C\D
0'_
Figure 1
Reference to the equivalent circuit of the generator reveals that when the generator is. unloaded,
the terminal voltage equals the generated emf. See figure 2.
+0 i (A) A0 O+
Field Y
Rheostat : (1]1Ra
be Field ELELS
Supply Winding ! :
o 1
| b £
LIEd
= E: A,
Figure 2
where: V= generator terminal voltage in volts

Eg = armature generated voltage in volis
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Values.of terminal voltage are then plotted against field current values and a curve obtained
similar to that in figure 3.

Open=Circuit emf - Volts

=

0 Field Current - Amperes
‘Figure 3

As the generated emf'is directly proportional to the effective tlux, the curve shows the
relationship between the field current and the flax which this field current produces. It
follows, that there is no difference between this curve and the magnetization curve of a
ferro-magnetic material. The straight part of the curve shows that over this range the
generated emf is directly proportional to the field current. Beyond this range the curve
“flattens out”, showing that the iron parts of the magnetic circuit are becoming “saturated”,

It should be noted that when the field cutrent is zero the generated emf'is not zero, but has a
vatue between 1% and 5% of the normal voltage. This is due to the percentage of magnetism
(residual)} remaining in the magnetic circuit after it has once been magnetized.

If the open-circuit characteristic of a generator is plotted for a particular speed, then its
characteristic at any other speed can be readily determined. The emf, generated for a given

value of field current, is directly proportional to the speed. For example, if the full-line curve

in figure 1 is obtained at a speed of 1000 1pm then a curve, having half the height for any G

particular vatue of field current, as shown by the broken line, will be obtained at a speed of
500 rpm.

Example: 1
A separately-excited generator has an effective field flux of 0.08Wb and is operated at a
speed of 500rpm. If the machine constant is 13, determine the -

(a) generated voltage

(b) no-load terminal voltage.
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2. ARMATURE REACTION

When a generator supplies current to a load, as illustrated in figure 4, the terminal voltage
will nio longer equal the generated emf.

E Ay :
+0C +
Field I
Rheostat ! Ra
DC Field iR ;
Supply Wmdmg : : Load
:L L1 Ez
o
& _ i T -
Ez A.2 ’
Figure 4

One of the reasons for this change in terminal voltage is an effect within the generator called

Armature reaction may be divided into two principle effects -

o effect, causing distortion of the main field

effect, causing a weakening of the main field.

Consider the simplified diagram of a generator shown in figure 5.

T

Figure 5
Assuming the armature rotates ina clockwise direction, the direction of the induced armatiire
emfs will be -
® under the influence of the north pole - the page
® under the influence of the south pole - the page.

With a load connected, the induced armature emfs cause armature current to.flow in the
same direction as the induced emf, As a result , there are as many magnetic poles formed
around the armature as there are main poles in the field system. The axis of each armature

field is midway between the main poles, that is, .coinciding with the ‘néutral axis’ of the
main field. See figure 6.
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Figure 6

‘The tight-hand solenoid rule shows the direction of the field to be as indicated in the diagram
and the axis of the armature field coincides with the brish axis. If the armatire was removed
from the field magnets the maximum intensity of the armature field would be at the brush
axis, as shown '

‘With the armature in position between the poles, as shown in figure 7, the maximum
intensity of the armature field will be at the tips of the pole shoes, being-a minimum at the
midpoint of the pole shoe, that is, the neutral axis of the armature field.

The intensity of the armature field, in the vicinit_y of the brush axis, will be very small owing
to the length and reluctance of the path in the air, compared with that across the air-gap and
the iron of the main pole. '

Th__e.same effect occurs in a multipolar armature; there will be as many armature magnetic
poles formed as there are main poles; the axes of the armature poles will coincide with the
brush axes.

As the armature rotates the conductors pass successively from one armature. circuit to the
next and the direction of currentin them is reversed; the number of conductors cartying
current in the same direction, on each side of the brush axis, remains fixed in space. The.
armature field remains stationaty and unchanging,

Since the axis of the armature field always coincides with the brush axis it is evident that
when the brushes are in the geometric neutral position, the armature field will be displaced
90 electrical degrees from the main field.
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Itis on account of this.displacement in relation to the main field, that the armature
ampere-turns which produce this field at 90 electrical degrees to the main field, are called
fumms.

When both the main field winding and the armature winding are carrying current there will
be a resultant distribution of the flux due to the action of the main field and armature
amperée-turns in combination,

Figure 8 illustrates this effect in the case of a two-pole generator.

Magnetic neutrof

Figure 8
From the centre of each pole to the “leading™ pole tip, the actiorni of the armature
ampere-turns is to the main field ampere-turns; the opposition
being greater at the tips.

For the other half of the pole shoe, the flux caused by the armature current _

that of the main fields.

Thus, in the case of a generator, the effect of the armature current is to shift the magnetic
field forward in the direction of rotation. The greater the armature current, the greater will be
the displacement of the field and the nentral zone. It is shown in figure 8 that the magnetic

neutral axis has moved-forward from the geometric neutral axis in the direction of rotation,

‘The brushes are iow in the: position for good commutation.

The distribution of flux over the pole face is altered by the armature field; the flux density at
the -
© Jeading pole tip is
and

¢ at the trailing tip it is

The extent of this main field distortion varies with the armature current.

For a given machine the distortion is -
@ glight for small loads
® increasing with increase of load current.
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The fact that the cross-magnetizing ampere-turns weaken the leading pole tip in-a generator,
is an additional reason why the brushes require a different “lead” for different load currents.

When the brushes of a machine are given a lead for good commutation, the armature field,
whose axis is parallel with the brush axis, is now at some angle less than 90 electrical
degrees 1o the main field.

The armature field can be resolved into two component fields at right angles to each other;
one at right angles to the axis of the main field, the other parallel to it but acting in the other
direction. This may be seen by reference to figure 9.

amperé-} ?‘m*h.s.
Figure 9

Consider the current-carrying conductors between “a-d” and “b-¢”, and determine the
direction of the flux set up by them.

This flux acts along the same axis as the main field flux, but in the opposite direction. This
component of the armature field will produce a direct demagnetizing effect upon the main
field. The remaining conductors, between “a-b” and “c-d”, produce a cross magnetizing
component tending to distort the main field.

Thus, when the brushes are given a lead, armature reaction will cause the usefiil flux to
decrease as the load on the machine is increased - which results in a reduction in generated
emf. The effect is greatér as the angle of lead is increased.

3. SEPARATELY-EXCITED GENERATOR EXTERNAL CHARACTERISTIC

The external ehdracteristic of a generator is a curve showing the relationship between the
terminal voltage and the load current. It is usually obtained by carrying out a load test on the
generator, which is operated at its rated speed, while the load current is increased in steps
from zero to approximately 125 per cent of its full-load value. Terminal voltages are then
plotted against the corresponding current value and the curve is obtained.
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Figure 10 shows the external characteristic for a separately excited generator.

Terminal Voltage « Volis

Load Current - Amperes-

Figure 10

Reference to the equivalent circuit of the generator reveals that when the generator is unloaded,
the terminal voltage equals the generated emf. When the generator is delivering current to a
load the terminal voltage is less than the gerierated voltage. See figure 11.

. R E] ; AI
+0 v —0+
Field- s
Rheastat A 1Rp
DC Field o .
Supply Winding ! : Lead
§ o |
==
-0~ T O
By As
Figure 11

This voltage decrease is due to two reasons:

® as the flux per pole is reduced by the armature reaction, the emf generated by cuttmg

this flux is also reduced.

the terminal voltage is less than the generated emf by an amount equal to the voltage
drop across the armature circuit resistance.

Thus, when the load on a separately-excited generator increases, its terminal voltage
decreases slightly and steadily as shown by its characteristic curve.

‘Under load conditions, the armature circuit is a series circuit and all the characteristics of

such a circuit apply.

|

where: V. = generator terminal voltage in volts
Eg = armature generated voltage in volts
1, = armature current in amperes
R, = armature circuit resistance in ohms

180

Satith Western Sydney Institate of




Applied Electromagnetism (6077H - NUEQ45) - Section 9 - Generators - Part 2

Example: 2

A separately excited generator has a field resistance of 125€2 and is supplied from a 125V de
supply. If the generator has an open-cireuit terminal voltage of 500V, an armature circuit
resistance 0f 0.2582 and an armature current of 35A, determine the -

(a) field current |

(b) generator terminal voltage

{c) load resistance

+0 o
ra=4 ' 3
. ] iRa ]
lg%v Field 110250 ISA VY
“Supply. Winding tft Load
? s b 1L
i1 Eg = 500V
L=l
= T .
Ex Aa
Figine 12

4. EFFECT OF LOAD ON PRIME MOVER

When load is applied to a generaior, the generator is required to deliver energy to the load.

This additional energy must come from the prime mover. The mechanism through which this
is achieved is shown in figure 13.

Figure 13
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When load is applied, armatiire current flows and as discussed previously the armature
establishes a magnetic field. According to Lenz's taw, the polarity of this magnetic field acts
to oppose the motion that caused the generation of the armature induced voltage. That is, a
counter or reverse torque.

As load is increased the counter torquealso incréases, making the prime mover work harder
to drive the generator. The prime mover applies a greater level of mechanical energy to the.
input of the generatot. Therefore, an increased input energy provides the required output

energy. The generator carrying out the conversion of mechanical to electrical energy via

¢electromagnetic induction.

Example: 3
A separately excited generator has a field resistance of 2000 and is supplied from a 250V de

supply. The armature circuit resistance is 0:2€2 and the load has a resistance of 109. Given

the generator operates with a field flux of 0.1Wb, a speed of 1000rpm and has a machine
constant of 5 determine the -

(a) field current

{b) generated emf

(c) load current

(d) generator terminal voltage when delivering load current
(e) voltagedrop across the armature citcuit resistarice.

. E, Ay
+0 4

[ i i |

] i}

! )
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| L

1
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—o i _

m
-3
%]

Figure 14
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Example: 4
If the load on the generator in example 3 was increased, such that the load resistance was 8
and the effective flux per pole was reduced to 0.098Wb. Determine the -

(a) field current

(b) generated emf

(c) load current

(d) generator terminal voltage when delivering load current
(e) voltage drop across the armature circéuit resistance:

+O— - O
r=
1 i
1 !
3 i s
i |
11+
1o %
| |
Loz a
a5 L _

E;

Pt
[

Figure 14
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NOTES:
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Name: Practical 7

THE SEPARATELY EXCITED GENERATOR

PURPOSE:

This practical assignment will be used to examine the no-load and load characteristics of the
separately excited dc generator,

TO ACHIEVE THE PURPOSE. OF THIS SECTION:

At the end of this practical assignment the student will be able to;
® Connect a separately excited generator using a circuit diagram as a guide.
® Carry out a no-load test on a de generator and plot the no-load characieristic.
® Carry out a load test on a dc generator and plot the load characteristic.
® Using test results, draw the equivalent circuit of the armature circuit of a dc generator.

EQUIPMENT:

I x variable dc power supply
1 x three phase 41.5/24V, 50Hz supply
1 x Betts dc compound machirie
1 x Betts three phase, squirrel cage induction motor
1 x Betts machine bed to accommodate two machines
1 x variable speed ac drive
I x digital multimeter
2 x 0-2A analogue de ammeter
- 1 x optical tachometer
I x alternator load panel
4mm connecting leads

COoOoOuooooong

- REMEMBER -
- WORK SAFELY AT ALL TIMES -

observe correct isolation procedures
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PROCEDURE 1: THE PRIME MOVER

1. The generator must be driven by a prime mover, in this case a delta connected, three

phase motor controlled via a variable speed drive.

2. Connect the prime mover as shown in figure 1, This arrangement will be used throughout

the practical assignment:

Figure 1

PROCEDURE 2: NO-LOAD CHARACTERISTIC

1. Connect the generator as shown in figure 2.

.

024 DC
_ + El
0 B/
Variable
DC
Power Supply
e

Figure 2

G

\ Digital
Multimeter
20v DpC

2. Do not proceed until the teacher checks your circuit and completes the progress table.

Progress Table 1
attempt 1 | attempt 2 | attempt 3
A B C

3. Ensure the DC power supply is switched off.

4. Start the prime mover and via the variable speed drive adjust its speed to 1400rpm.
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5. Measure the generator output voltage using the digital multimeter and record in the space
provided in table 1.

Table 1
Fleld Current | o\ o1 102 {0406 08| 1 |12|14]16] 18] 2
amperes
Output Voltage
volts

6. Tumn on the DC power supply, slowly adjust to give a field current of 0.1A, then measure
the generator output voltage. Record the voltage value in table 1.

7. -Repeat the procedure for each of the values of field current shown in table 1.
8. Reduce the field current to 0A and turn-off the field supply.
9. Adjust the variable speed drive to provide a prime mover speed of 700rpm.

10. Measure the generator output voltage using the digital multimeter and récord in the space
provided in table 2.

11. Turn on the DC power supply, slowly adjust to give a field current of 0.1 A, then measure
the generator output voltage. Record the voltage value ini table 2.

Table 2

Field Current
amperes

Output Voltage
volts

0O [01102{04(i06|08| 1 |12114|16]18]| 2

12. Repeat the procedure for each of the values of field current shown in table 2.

13. Do not proceed until the teacher checks your results and completes the progress table.

Progress Table 2
attempt | | attempt 2 | attempt 3

A B L

14, Turn the DC power supply and the prime mover off,
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PROCEDURE 3: LOAD CHARACTERISTIC
. Connect the circuit as shown in figure 3,

Note: The load is a lamp panel that consists of a series of lamps that may be switched
into cireuit via a load switch. The load panel is to be connected as shown in

figure 3.
0-2A DC
+0 A =
\_/ '
Vag?le N\ Digital
] Multimeter
Power Supply s
—0—
E2
—f= 0
o0 ()
To
generator o~
oc ()

Figure 3

2. Do not proceed until the teacher checks your circuit and completes the progress table.

Progress Table 3

'-at_tempt 1 } attempt 2 | attempt 3

A B C

3. Ensure the DC power supply is switched off and the load switch is in the off position.
4. Start the prime mover and via the variable speed drive adjust its speed to i40_'0rpm‘.

5. Turn on the DC power supply, slowly adjust to give a field current of 24, then measure
the generator terminal voltage.

6. Record the value of the terminal voltage in table 3.
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......

Table 3
Field Current | Load Switch | Terminal Voltage | Load Current
amperes Setting volts amperes
Off 0A.
1
2A.
at all loads 2
3
4

7. Set the switch on the load panel to position 1.

8. Check that the generator speed is 1400rpm and the field current is 2A. Adjust if S
necessary.

9. Measure and record, in table 3, the generator terminal voltage and load current.
10. Repeat the procedure with load switch settings of 2, 3 and 4.

Note: Be sure to keep the generator speed at'1400rpm and field current at 2A
throughout the load test.

11. Do not proceed until the teacher checks your results and completes the progress table.

Progress Table 4

attempt 1 ["attempt 2 | attempt 3
A B C

12. Turn the load switch to the off position and if necessary re-adjust the field current to 2A,
13. Using the tachometer measure the generator shaft speed.
Shaft speed =

What happened to the generator speed when load was removed?

14. Switch of both power supplies, then disconnect the cireuit.

15. Please return all equipment to its proper place, safely and carefully.

OBSERVATIONS:

1. Using the axis of figure 4, draw-the no-load characteristics of the generator at both
1400rpm and 700rpm.
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Figure 4

2. Based on your results, what is the relationship between generator speed and the generated
emf?

3. Based on your results, what is the relationship between generated voltage and field
current?
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4. Using the axis of figure 5, draw the load characteristic for the generator?

: : : '

H i 3 L i
1 i B H
1 H H L i '
: g H 1 i 1
24 ) s s 2 5 =
i 1
| %

i8

£

108 7 PR RS R U U T

Generator Terminal Voltage - volis

0 02 04 06 08 10 12 i4 16 18
Load Current - amperes

Fi gure. 5

5. What causes the terminal voltage of the generator to decrease with an increase of load?

6. Using the results obtained with maximum load on the generator, determine the resistance
of the armature circuit.

_ Eg~ Vo

Ra =~
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7. Based on the results of this assignment, draw the equivalent circuit of the generator
armatute circuit.
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8. What is the effect of increased generator load on the speed of the prime mover?
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Tutorial ©

THE

ENERATOR (PART2)

Please note the following requirements in relation to tutorial work -
® All tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled

together, Write on one side only of the answer sheets, and all work is to be completed in.

ink.
° In the case of multiple choice type questions, the question number and corresponding
answer letter are to be written on thie answer sheet.
® In the case of short answer type questions, the question and part number with your word or
phrase choice is to be written on the answer sheet.
® All relevant equations and working are to be shown in the case of calculation type
questions.
SECTION A
For the following questions, complete the statements on your answer sheet with the word -or
phrase you think fits best.
When the field current in a separately excited generator is zero, the output voltage is not zerc due
to___ (1) .
If the speed of the prime mover driving a generator is reduced, the output voltage will ___(2)___
Increasing the load on a generator causes the prime mover speed to __ (3)_ due to the
—_(4)___ developed by the armature current.
Armature reaction is-due to___(5)___ effect which distorts the main flux, and ___(6)____ effect
which weakens the main fhix..
Armature reaction will shift the ___(7)_ axis in the ___(8)___ direction as the direction of
rotation.
As the load on a generator increases, the effect of armature reaction __ (9)___, which results in
the brushes being in the ___(10)____ position for good commutation.
As the load on'a generator increases; the concentration of flux on the trailing edge of the poIe face
__(11)___, and the concentration of flux on the leading edge of the poleface __ (12) ___
As the load on a generator increases, the terminal voltage _ (13) . Thisisdueto___(14)___
and the__ (15)__ voltage drop.
The terminal voltage of a generator is the _ (16)___ between the generated voltage and the
. {(17)__voltage drop.

‘The open circuit characteristic of a separately excited generator shows the (18)___ of the
magnetic material used in core.
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SECTION B

The following problems are to be solved with the aid of 4 calculator. Any working for a problem
is to be fully shown. Where a problem involves calculating for circuit conditions, 4 neat and fully
labelled circuit diagram (if not provided) is to accompany the question. Answers are to be
expressed in the appropriate multiple or sub-muitiple.

1. A separately excited generator has an effective flux of 8mWb and is operated at a speed of
292 rpm. If the machine constant is 12, determine the:
(a) generated voltage; (28V)
(b) no-load terminal voltage. (28V)

2. Determine the field flux required to produce a no-load voltage of 240V in a separately excited.
generator totating at 600rpm with a machine copstant of 15. (26.7mWb)

3. Determine the speed a prime mover must drive a generator under no load to produce a
terminal voltage of 300V. The generator has an effective flux of 20mWhb and a machine
constant of 15 (1000rpm)

4. A generator has an armature resistance of 0.15% and a full load resistance of 25Q. If the open
circuit voltage is 250V, determine the terminal voltage at full load. (248.5V)

5. A separately excited generator has an effective field flux of 0.02Wb, a machine constant of
12 and spins at 400 rpm. If the generator has an armature circuit resistance of 0.15Q and an
armature current of 20A, determine the load voltage for this condition. (93V)

6. The generator shown in figure 1 has a machine constant of 10, and effective flux of 25mWb

and is driven at 1000rpm. O
—

Determine the: : Ra L
(a) field current; (667mA) 120 R
(b) generated voliage; (250V) = -
{¢) armature current; (16.54A) =
(d) terminal voltage (248V) T e
(e) armature circuit voltage drop. (2V) ]

Figure'l
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SECTION C

1. "The diagram of figure 2 represents the armature and field of a separately excited generator.
{a) In the diagram of figure 2(a), determine the direction of the currents flowing in the
armature conductors.
(b) In the diagram of figure 2(a) neatly draw the field patterns of the main field flux and the
armature field flux.
{c) In the diagram of figure 2(b), neatly draw the resultant field produced by the two fluxes.
shown in figure 2(a).

Attach this page to your written tutorial assignment for marking.

T

Figure 2(a)
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Section 10

SELF EXCITED GENERATORS

PURPOSE:

This section describes the operating principles and characteristics of self-excited dc
generators.

TO ACHIEVE THE PURPOSE OF THIS SECTION:

At the end.of this section the student will be able to:
® draw the circuit arrangement and connect various types of self-excited do generator.
@ list the characteristics and applications of various types of self-excited dc generator.
® list and describe the methods of excitation used for dc génerators.
® describe the methods used to regulate the output voltage of de geneérators.

REFERENCES:

Electrical Principles for the Electrical Trades, 5th Edition. Jenneson J.R.
Pages 270-276 and 277.

AR
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1. SELF-EXCITED GENERATORS

A self-excited generator is one whose exciting current is obtained from the generator itself:
The way in which the field coils are connected, in relation to the armature, determines the
type of generator. The types ate:
° connected - the field winding is ‘consiected in “shunt” or
“parallel” with the armature.

® connected - the field winding is connected in series with the
armature.

° connected - has a combination of shunt and series field
windings.

In order that a self-excited generator may “build up” its emf.:
® there must be residual magnetisiin in the magnetic circuits of the machine to initiate the
generated emi’
¢ the resistance of the exciting circuit miust not be too high and prevent the building up
of field current due to the emf generated from the residual flux

® the speed must not be too low; the emf gencrated from the residual flux must be
sufficient to cause the necessary current in the field winding to build up.

2. SHUNT GENERATORS

In this type of generator the field winding -
° consists of arelatively large number of tumns of small csa conductor
® is connected across the terminals of the armature (parallel with the armature)

® has a comparatively high resistance and being connected across the armature it carries
a current directly proportional to the terminal voltage and inversely proportional to the
resistance of the field eircuit.

Figure 6 shows the arragement of one shunt field coil and its associated pole core,

Eoch wire hos
. insulafien. covering
Lorth Insulation (inter Turn Insulotion)

Figure 6
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The internal connections of the shunt generator are shown in figure 7.

Figure 7

The field current, although supplied by the armature, is independent of the load current. The
exciting current varies only with the terminal potential differerice (tpd) of the machine. The
armature current divides and flows partly around the shunt field circuit and partly around the
external circuit. The field current varies between 1% and 3% of the total current supplied by
the armature, depending upon the size of the machine, Fi gure. 7 is.the basic circuit diagram.

. O+
A B !
% Shunt
Armature ) Field Load
A Field
2 Riieoitat
& —_0—

Figure 8

When the armature of a shunt generator begins to rotate -

®  the armature conductors cut the lines of force resulting from the residual magnetism of
the poles and generate a small emf

@ the armature consequently produces a small current in the shunt field circuit which
increases the magnetization of the iron

® this strengthened field then produces a larger emf in the armature, so that in a short
time-the field is built up and the emf attains its full value

@ the final steady value is such that the potential difference applied to the field winding
18 just equal to the voltage drop in the ohmic resistance of the field circuit.
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The external characteristic of a shunt generator is shown in figire 9.

-
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The terminal voltage -
® equals-the generated voltage when the machine is unloaded

e as the load current is increased the terminal voltage decreases from the no-load value,
decreasing at a greater rate than in the case of a separately-excited machine.

‘The decrease in terminal voltage, with increase of load, of a shunt generator is due to three

reasons:
® the demagnetizing effect of armature reaction
® the voltage drop in the armature circuit
® the combined effects of demagnetization and armature circuit voltage drop causes a
decrease in the shunt-field current and as a result less flux is produced.

There is a limit beyond which the current supplied by the generator cannot be increased. If
there is an attempt to increase the load current beyond this limit by farther teducing the
resistance of the external circuit, the terminal voltage decreases rapidly and the load current
actually decreases. This is shown in the diagram by the broken part of the curve. The
generator is unstable under these conditions.

This rapid decrease in the tpd is due to the reduction of field current to such a value that the
flux induced in the field magnets is below the “knee” of the magnetization curve. Further
decreases in field current produce large reductions in flux.

Thus, it is evident that a shunt-wound generator may have its armature short circuited and
the shunt circuit “closed” later without any excessive current flowing in the armature. There
would be only current, due to the emf induced by interaction with the residual magnetism,
passing around the armature circuit. If the armature were shott circuited, while the generator
was fully excited, the current would increase to its maximum value and then decrease
towards zero. The current value, in a short circnited generator, will follow the path of the
external characteristic curve provided that the sparking at the brushes is insufficient to cause
a flash-over from brush to brush at the commutator.
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With modemn generators it is difficult to obtain the complete external characteristic curve, as
the heating and sparking limits are attained before maximum value of current is obtained.

SERIES GENERATORS

The field excitation is obtained by passing the armature current through the field winding in
this type of generator.

As shown in figure 10, the field coils are wound with a small number of turns-of
hedvy-gauge wire.

Eoch wire hos

7 insulation covering
/ {Inter lurn insulotion)

= / | o
oy - ; Nolte: fewer turns
- T ; of heovy wire 1o corry
e = Armoture eurrent
Figure 10

The field strength produced by a winding depends upon the number of turns and a current in

the fields of the series generator. It can be arranged to produce the equivalent field strength

of a large number of turns and a small current in the fields of a shunt generator.

Figure 11 shows the internal com]eét_i’on_s of the series generator.

Figure 11

Generally with a shunt generator the machine is allowed to build up its emf to the normal
value before the load is applied, but with a series generator self-excitation is not possible
until the load circuit is completed; the load circuit is also the exciting circuit.
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The basic diagram of figure. 12 shows this arrangement.

0 O+
A By
1
A seites M.
" Field
Armature 9 Teid Diverter Load
D
A,
O —
Figure 12

So far as the main principles are concerned the action of the series generator differs only in
minor detail from that of the shunt machine. Appreciable building up will not occur until the.
resistance of the exciting circuit is reduced to'a certain critical value, determined by the
speed of operation and the magnetic characteristics of the machine. The final voltage
attained for any speed of operation is determined by the resistance of the exciting circuit and
in this case the exciting circuit consists of the complete field windings, armature circuit and
the load resistance.

The load characteristic for a series generator is shown in figure 13.

| _Rated Voltage _ _ _ _ _ __ _ _ _ _ LT

Teirinal Voitage - Volts

Fisfl-Load Current

=

0 Load Current - Amperes
Figure 13.

As the field winding is in series with the armature and the external load, at no load the
terminal voltage is that due to residual magnétism. As the load current is increased the field
-strength and terminal voltage increase. The tpd is less than the generated emf, because of the
voltage drops in the armature and field windings and because of armature reaction. When the
curve is at a maximum value any attempt to increase the load current will cause the armature
reaction to decrease the terminal voltage.
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COMPOUND GENERATORS

Since the effect of increase of load is to diminish the voltage of a shunt-wound generator and
to increase the voltage of a series-wound generator (except with very large currents), it is
possible by combining the two methods to have the terminal voltage at-full load the same ag
that at no load.

Figure 14 illustrates the arrangement of a single pole from a compound generator.

All wires hove
Insulation covering

Inter winding.
insulation

Shunt
Portion -Larth Insulation
Series
Portion

Figure 14

The internal connections of the compound generator are shown in figure 15.

L3 “f

Figure 15

The field magnets are provided with a composite winding, consisting of shunt and series
coils on each pole, arranged. to catry current in the same direction so that the total mmf
developed is the sum of the mmfs developed by the two-coils; an approximately uniform tpd
miay be-obtained at all loads. '

On open-circuit the compound-wound generator builds up its voltage as a shunt generator.,
As thie load 1s increased the effect of the load current inthe series winding is to increase the
excitation.

Such machines are often called _ __.compound generators.
Generally, the series winding on full load develops about 25% of the ampere~turns of the
shunt winding,
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For certain applications the series winding of a compound generator is reversed, so that its
mmf opposes the mmf. of the shunt winding. This causes the tpd of the machine to diminish
rapidly as the load current is increased.

These machines are referred to as ~compounded generators.

Figure 16, shows the diagram of connections of a compound generator. The shunt field is
connected across the output terminals of the machine.

This is known as-the _ connection,
Series Field
Y Y —O+
Dy Dy \
Armature Load
Ay
—_)—

Figure 16

T the shunt field were connected directly across the brushes, figure 17, instead of across the
terminals of the machine, the connection would be called

Series Field
£ ¥ O+
E, 0y Dz
Shunt
: Fie!d Laad.
Es.
Field-
Rheostal
Figure 17

It is of little importance whether the long or-short shunt method of connection be'employ‘ed‘.

A short shunt machine will generate a slightly hi gher voltage at heavy loads compared to a
long shunt.

When using compound generators, voltage regulation can be obtained automatically.
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The curves shown in fi gure 18 are typical characteristics that may be obtained from
compound generators.

7 ¥
= 1
2 [ Heted Volage~ ~ T T T T = eSS
5 :
& i
G l
- o)
= B
: o)
L "
= !
:
0 Load Current - Amperes

Figure 18

The load characteristic of the machine depends upon the ampere-turiis in the series field. By
adjusting these ampere-turns the increase in tpd, due to the series field, compensates for the
internal voltage drop caused by the load current: There are basically three possibilities -

o compounded - if the sirength of the series field is such as to
' cause the generator to deliver the same value
of tpd.at both no load and full load.
® _ compounded - when the series ampere-turns are adjusted so
that the tpd of the generator is greater at full
load than at no load.

L compounded. - a lower value of ampere. turns will allow the.
' full-load voltage to fall below the mo-load
voltage.

Except those supplying power for welding, generators are seldom under compounded. They
are usually designed to be over compounded, according to the service for which the machine
is intended.

For generators near the point of power consumption, the degree of over compounding may
be as low as 3% while for traction generators, with long feeder systems, it may be as high as
10% to compensate for the voltage drop in the feeder.

Figure 18 shows the shape of the'load characteristics of generators with different amounts of
compounding.

o
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The characteristic of a differentially-compounded generator is shown in figure 19.

E.
c

>

oS

=

(=

> e
£ 3
= k-§

0 ‘Load Cuirrent - Amperes

Figure 19

In this type of generator, the series field winding is connected in opposition to the shunt field
winding, with the result that the normal voltage drop in the generator is very much increased
by the demagnetizing effect of the series field winding.

leferentlally—compounded generators are used for applications-where it is desirable to limit
the output from the machine automatically. For example, certain welding systems require a
constant current at variable voltage or electrically-driven excavators have motors which are
likely to be ““stalled” under certain conditions. The characteristic curve shows how the
generator is protected from overloads by its rapidly decreasing terminal voltage.
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Name:

Practical 8

PURPOSE:

This practical assignment will be used to examine the load characteristics of the shunt and

compound self-excited dc generators.

TO ACHIEVE THE PURPOSE OF THIS SECTION:

At the end of this practical assignment the student will be able to:

2

Connect 2 shunt generator using a circuit diagram as a guide.

Carry out a load test on a shunt generator and plot the load characteristic.
Connect a compound generator using a circuit diagram as a guide.

Carry out a load test on a compound generator and plot the load characteristic.
Compare the performance of shunt and compound dc generators.

EQUIPMENT:

oOoococoo

1 x variable dc power supply

1 x Betts dec compound machine

1 x Betts single phase, 240V drive unit

1 x Betts machine bed to accommodate two machines

1 x digital multimeter
1 x 0-2A analogue de ammeter

1 x alternator load panel
4mm connecting leads

- REMEMBER -

- WORK SAFELY AT ALL TIMES -

obsérve correct isolation procedures

South Western Sydney Institute of
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PROCEDURE 1: SHUNT GENERATOR
1. Connect the generator as shown in figure 1.

Note: The load is a lamip panel that consists of a series of lamps that may be switched
into circuit via a load switch. The load panel is to be connected as shown in

figure 2.
0-2A DC
70N
L
L
Digital
Multimeter-
20V DC
Figure 1.

—f 0000
., 10000
- 10000

—— 10Oy Lamps.

Figure 2

2. Do not proceed until the teacher checks your circuit and completes the progress table.

Progress Table i

attempt 1': attempt 2 | attempt 3
A B C

Ensure the load switch is in the ‘off position’.

Turn the prime mover on.

Measure, and record in table 1, the generator terminal voltage.
Set the switch on the load panel to position 1.

Measure and record, in table 1, the generator terminal voltage and load current.

B TR NV S S

Repeat the procedure with load switch settings of 2, 3 and 4
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Table 1

Load Switch | Terminal Voltage | Load Current
Setting volts amperes

Off 0A

1

9. Do not proceed until the teacher checks your results and completes the progress table.

Progress Table 2

attempt 1 | attempt 2 | attempt 3
A B C

10. Turn prime mover off.

PROCEDURE 2: COMPOUND GENERATOR

1. Connect the circuit as shown in figure 4,

0-2A.DC
~ +/D
13%) Mgl
Digital
‘Multimeter
20V DC
Figure 4

2. Do not proceed until the teacher checks your circuit and completes the progress table.

_ Progress Table 3
attempt 1 | attempt 2 | attempt 3
A B C
South Western Sydney Institute of 209
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3. Ensure the load switch i5 in the ‘off pesition’.

4. Turn the prime mover on.

5. Measure the generator terminal voltage and record the value in table 2.
6. Record the value of the terminal voltage in table 3.

Table 2

Load Switch | Terminal Voltage | L.oad Current
Setting volts aniperes

Off 0A

1

7. Set the switch on the load panel to position 1.
8. Measure and record, in table 2, the generator terminal voltage and load current.
9. Repeat the procedure with load switch settings of 2, 3 and 4.

10. Do not proceed until the teacher checks your results and completes the progress table.

Progress Table 4

attempt 1 | attempt 2 | attempt 3 |

A B C

11. Turn the load switch to the off position.
12. Turn the prime mover off and allow to come to rest.
13. Disconnect the circuit,

14. Please return all equipment to its proper place, safely and carefully.
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OBSERVATIONS:

1. Using the axis of ﬁgt_l:re 5, draw the load characteristics for the shunt generator.

Qutput Voltage - volts
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Figure 5

2. What are the factors that cause the terminal voltage of a shunt generator to decease with
an increase of load?

3. Why is a shunt generator considered to be short circuit proof? Use your results to verify
your answer,
4. Using the axis of figure 5, draw the load characteristic for the compound generator?
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e 4

5. Why were the load characteristics for the compound generator better than those of the
shunt generator?

6. Of the two generators tested, which would be better for suppling a high current load?

g 7. What could have been done during construction, to imnprove the load characteristics of the
‘compound generator?

skkdesok dotr s ok ook sk
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Tutorial 1(.‘0i

SELF EXCITED GENERATORS

Please note the following requirements in relation to tutorial work -
¢ All tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled
together. Write on one side only of the answer sheets, -and all work is to be completed in
ink.

o In the case of multiple choice type questions, the question number and corresponding

answer letter are to be written on the answer sheet.

& In the case of short answer type questions, the question and part number with your word or
phrase choice is to be written on the answer sheet.

° All relevant equations and working are 10 be shown in the case of calculation type
questions.

SECTION A

In the following statements one of the suggested answers is best. Place the identifying letter of
your choice on your answer sheet.

1. Ifa generator is comnected for a shunt configuration, the field connections would be a
-resistance field connected in with the armature.

(a) -h’igh,__ series
(b) high, parallel
(c} low, series
{d) low, parallel

2. If a generator is comnected for a compound configuration, the field connections would be: a
resistance field connected in series with the armature and a resistance field
connected in _with the armature.

(a) high, high, parallel
(b} high, low, parallel
(c)y low, high, series

(d) low, high, parallel

3. A self excited shunt generator relies on for its initial magnetic flux.

(8) separaté excitation
(b) residual magnetism
(c) field flashing

{d) good luck
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4. The generator type which is used for certain welding applications would be a type.
(a) differentially compounded
(b) cumulatively compounded
(¢) shunt
(d) series.

5. The type of compound generator which would have the load current flowing through the
series winding would be connected as:

(a) long shunt.

(b) short shunt.

(¢) differentially shunted.
{d) series compounded.

6. Ifa generator is connected for a series configuration, the field connections would be a-
resistance field cormmected in with the armature,.

(a) high, series
(b) high, parallel
(c) low, series
(d) low, parallel

7. If a the full load voltage of a compound generator is the same as the no load voltage, the
generator would be:

(a) flat compounded.
(b) over compounded.
(c) under compounded.
(d) differentially compounded.
8. If a the full load voltage of a compound generator is the less than the no load voltage, the
generator would be:
(a) flat compounded.
(b) over compounded.
(¢} undercompounded.
(d) differentially compounded.
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SECTION B

For a self excited generator to build up a generated emf, there mustbe . (1) in the magnetic
circuits of the machine.

Three types of self excited generators are () connested, __(3)__ connected and
— (4)____connected.

A shunt connected generator will have a.__(5)____ terminal voltage at full load than at no load.

Thisisduetothe  (6)_ effectof __ (7). and the —(8)__._ in the armature circuit.

If a compound generator is ——(9)____ excited, the voltage at full load will be greater than the
voltage at __(10)__ .

If the speed of the prime mover driving a self excited generator is —(11)

, then the small emf

generated by _,,_(_'11’2);__ will not increase sufficiently to build up the required magnetic flux.

The two methods of connecting a compound generator are —(13)___ where the shunt field is .
connected i parallel with both the armature and the ~—{14) ,and __ (15)___ where the '
shunt field is in parallel with the ___(16)___ only.

If a compound generator is wound as —an._ compounded, then both the ___(18)___ field
and shunt field fluxes will 4ct in the same direction to assist-each other.

SECTION C

1.

The diagram of figure 1 represents the armature and fields symbols for self excited generators.
Attach the diagram of figure to your answer sheet, and complete the diagrams 1(a) to 1{d) as
follows:

{a) Series generator;

(b) Shunt generator;

(¢) Short shunt compound generator; and

(d) Long shunt compound generator.

Tk kb k ok kR dk Rk kR ok dor ks ko
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o— Y o

Series

Shunt
o £V o
Series
Shunt
o ‘' o
Series
Shunt’
VL
Series
= Shuni

O+

Figure 1(a)
O—
O+

Figure 1(b)
O S
O+

Figure 1(c)
O
O+

Figure 1 @)
O i

216 south _W'cstcm Sydncy Institute OFf



Section 11

THE

PURPQSE:

This section introduces the principle of operation of the DC motor.

TO ACHIEVE THE PURPOSE OF THIS SECTION:

At the end of this'section the student will be able to:
° state the basic operating principle of a motor.
¢ apply Fleming's left hand rule for motors.
e describe how a motor develops a back emf and its efféct on armature current,

e describe how the motor effect is produced by an electric curtent, including the
development of torque.

e calculate values of voltage, current and torque associated with dc motors.

REFERENCES:

Electrical Principles for the Electrical Trades. 5th Edition. Jenneson J.R.
Pages 276-278 and 282-284.
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i

1. THE DC MOTOR

A dc motor is similar in principle and construction to a-de generator, Ovcrall, the
construction can be broken down into two major parts -

9
o
+0 : = O+
Ey. £
~ N DC
DC Field : :
Supply Winding Q'N‘mawrﬂ Supply
E; A
P . C =2 0 —
Figure 1

In simple terms, the only difference between a motor and a generator is their application.

The purpose-of a dc motor is to convert energy to. energy.

The output power from the motor is delivered to the load via a rotating shaft. This concept:is

illustrated in figure 2.
Input D ED Quiput
Motor

Figure 2

A dc generator, when supplied with a potential difference from an external source, will
operate satisfactorily as a motor and drive a load, that is, it will convert electrical energy to
mechanical energy.

Similarly, a machine which is classified as a DC motor, when driven by a suitable prime
mover, will generate an emf and supply a tpd and current to an external load; thus,
converting'mechanical energy to electrical energy.
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2. PRODUCTION OF ROTATION

The action of a motor depends upon the fact, -that a conductor carrying current in a magnetic
field is acted upon by a force which is perpendicular to the conductor; and to the positive
direction of the magnetic field.

The relationship Wh’ich’exi_st_'s between the direction of the magnetic field, the-current and the
resulting force is shown in figure 2.

O]

Figure 2

The relationship that exists between field polarity, direction of current and direction of
motion for-any conductor carrying current and free to move in a magnetic field, is summed
up in a simple rule developed by Professor J A Fleming. This reseribles the right hand rule
for generators (as detailed earlier in this module) except that the left hand is used instead.

‘Fleming's left hand rule* for a motor is applied as follows - clench the left hand and open

the thumb and first iwo fingers mutually at right angles, so that if applied to the corner of a
cube they would lie along the three edges forming the corner.

Then -

@ the thumb represents the direction of motion of -

® the forefinger represents the direction of

¢ the second finger represents the direction of

Figure 3 illustrates the application of the Fleming's left hand rule for motots.

!

R

Figure 3 )
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The direction in which the force acts upon the conductor, depends upon the positive
direction of the magnetic field and the positive direction of the current in the conductor. A
change in either of these, with relation to the other, will reverse the direction in which the
force acts; a change in both will not produce any alteration. Fleming’s Left-hand Rule, a
convenient method of determining the direction of the force is again illustrated in figure 4.

N
AN

N

Figure 4

Example: 1

Apply Fleming's Left Hand Rule to each of the diagrams shown in figure 5, to determine -
(a) direction of the force acting on conductor in diagrams (a) - (d)
(b) direction of conductor current in diagrams (e} and (f)
(c) magnetic polarities in diagrams (g) and (h).

\ s|@{y L N@[s o

(a) (b)

- M@ 7 L s[Ox ¢

(©) {d)

T'c'on'duct'or_ motion l conductor motion
L s|Ox ¥ L NOs

© ®

T conductor motion l'C.OnduCto'r.motion

e[ 7 N o]
(& ()
Figure 5
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The magnitude of the force acting upon a current cairying conductor in a magnetic field
depends on the -

e : of the magnetic field
* flowing in the conductor
e of the conductor within and at right angles to the field.

When these three factors are combined, the force exerted on current carrying conductor can
be caleulated -

where: i = _force-ac't:_ing_ on the conductor in newtons
I' = cumrent flowing in the conductor in amperes

B = flux density of the magnetic field in tesla
1 = length of the conductor within and &t right angles to. the field, in metres

Example;: 2

A 200n_1m long conductor -carries a current of 30A at right angles to a magnetic field of
0.4T. Calculate the force acting on the conductor.

3. TORQUE DEVELOPED BY A MOTOR

The torque or:turning effort, developed by the armattire of a motor, is due to the T
electromagnetic reaction set up between -
® current-carrying conductors _arrange'd'upon the armature core.
and

@ ‘the magnetic flux in the air gap under the fixed poles of the motor,

Figure 6 represents a bipol_ar-armature, with its conductors carrying current in the directions
indicated in a magnetic field. The positive direction of the magnetic field is from N to S.

Figure 6.
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Applying the Left hand Rule to each conductor shows that a force will be exerted upon each
of these conductors in the direction shown by the arrows, that is, at ri ight angles to the:
diameter. It will be noticed that there is a continuous force acting round the armature ténding
to produce rotation in the direction shown.

When the armature rotates, the current carrying conductors pass under the N and S poles in
succession. In order that rotation will be maintained in the same direction, for a fixed field

‘polarity, it is essential that the direction of current in the conductors shall be reversed when

passing under pole faces of different polarities.
This reversal of current in the coils is effected by the commutator and brushes.

The torque or turning effort developed by the motor depends on the -

° exerted on the conductor

° of the armature.

Combining these factors allows the torque to be calculated -

| |

where: T= torque developed in Newton metres
F = force exerted-on conductor in newtons
T =ammature radius in metres

Example: 3
A single loop armature winding in a DC motor carries a current of 15A .and operatesin a

magnetic field of 1.17T. If the armature has a radius of 260mm. and a length of 180mm,
determiine the -

(a) force developed on one half of the loop
{b) torque developed by one half of the loop
(¢) torque developed bythe armature.

222
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Example: 4

If the armature in the previous example was rewound and carries 160 turns, that is 160
conductors on each side of the armature, determine the torque developed assuming all other
factors remain constant.

4. GENERATED ORBACK EMF

-------

Immediately the armature condi_)'ctors have motion iriiparted to them, they cut the flux of the
field, thereby having an emf induced in them.

The induced anmature epif always acts in such a direction as to the applied pd.

As a result the induced armature emf in a motor armature is called a -

B

or

sint_:e_- it always tends to oppose the applied pd, and in doing so, tends to establish a current
which in turn, will tend to stop the motion which gives rise to it (Lenz’s Law).

In figure 7, “a” and “b” represent the same armature and field of a two pole motor.

Figure 7

In “a” the conduetors carry current in the direction indicated due to the applied pd, thus
producing rotation of the armature in a clockwise direction (check by Left-hand Rule).

Owing to this clockwise direction of rotation, these same armature conductors will have an
emf induced in them in the direction indicated in “b™ (check by Ri ght-hand Rule).
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The back emf of a motor has precisely the same value as would be established if the
armature of the machine were driven at the same speed as a generator and with the same
conditions of field magnetization.

Thus, back emf can be determined in'the same way as the generated emf of a generator -

|

where:  Eg = back emf in volts
k = machine constant
0 = field flux in webers
n = ammature speed in 1pm

Since the applied pd and the back emf'in the motor armature act in opposition to each other,
the resultant voltage will be the difference between the applied pd and the back emf and will
act in the direction of the greater value, which is the applied pd. The current, which will flow
in the motor armature, will be directly proportional to the difference between the applied pd
and the back emf and inversely proportional to the armature circnit resistarnice.

Normally in.a motor, the current flows in the direction of the applied pd; hence, the
magnitude of the current to produce the driving torque is:

[ |

where: 1 A = armature ciurent in amperes
V = applied voltage in volts
Eg-= back emfin volts
R, = armature circuit resistance in ohms

Consequently, any decrease in back emf must produce an increase in armature current,
Similarly, any increase in back emf is always followed by a decrease in armatnse current.

The “volts drop” in the armature is always equal to the difference between the applied pd
and the back emf, because:

| |

Normal values for the I,R,, drop are, from approximately 1.5% of tpd for large machines, to
approximately 5% for small machiries.

If the armature of a de motor is rotated at such a speed that the back emf is exactly equal to
the applied pd, there will not be any current flowing in the conductors and consequently
there will not be any tuming-effort or torque developed. If operating below this critical
speed, the machine is-a motor. When driven at a speed higher than the critical speed, the

224

machine becomes a generator.
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5. EFFECT OF LOAD

For a given field flux, the torque exerted on the motor shaft is proportional to the armature
current; this armature current must increase or decrease according to the demands of the load
driven by the motor.

In a given motor, the torque is proportional to the product of the -

and the

The adjustment of the armature current is achieved automatically in the following manner:

An increase of load on the shaft of the motor causes the -

¢ armature speed to

® back emf to

® armatire current to

® torque to , to drive the additional load.

The armature speed will adjust itself so that the difference between the applied pd and the
back emf is just sufficient to cause the current required (to-produce the drivirig torque for the
new load) to flow through the armature conductors.

Similarly if the load is reduced, the -

® armature speed ig

e hack emfis o

¢ armature current 1s

® torqueis , to meet the needs of the smaller load.

For large machines, having a constant field flux, the variation in speed is from 3% to 4 % of
the full-load value; for small machines the variation is from 9% to 10%.

s
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6. TORQUE DEVELOPED

The torque developed by the armature of a dc motor is dependent upori three factors, -

L3

¢ machine construction, known as the

‘Combining these three factors allows the calculation of the torque developed -

where: T =torque developed in Newton metres
k =machine constant
¢ = field flux in webers
I, = armature current in amperes

Example: 5
A 4 pole dec motor carries an armature current of ZSA and operates with a field flux of
0.016Wb/pole. Determine the torque developed if the motor has a machine constant of 80.

Example: 6

If the motor in example 5 had additional load applied, such that the armature current
increased to 35A, determine the torque developed. Note, all other factors remain constant.
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Example: 7

A 650V, separately-excited motor has an effective field flux of 0.08Wb and operates at a
speed of 500rpm. If the motor has a machine constant of 15 and an armature circuit
resistance of 0.250, determine the -

(a) back emf
(b) armature current
(¢) torque developed.

E, A
+0 bR O+
o =i
kN
oc a1 b |
Supply nding i : V=650V
ot
{ Efar poigh |
-0 i -
E; Ay
Figure 8
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NOTES:
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Name:

Practical 9

THE

PURPOSE:

This practical assignment will be used to examine the operation of the de¢ motor,

TO ACHIEVE THE PURPOSE OF THIS SECTION:

At the end of this practical assignment the student will be able to:

o

Connect a dc motor using a circuit diagram as a guide.

Test a dc motor to determine the effect of variable armature current on torque.

Test a dc motor to deteﬁnine_ﬂle effect of variable field current on torque.

Carry out a load test on a.dc motor.

EQUIPMENT:

OooOooooOooao

1 x dual variable dc power supply

1 x single variable dc power supply

1 x Betts dc compound machine

1 x inertia wheel

1 x eddy current load

1 x Betts machine bed to accommodate two machines
1 x digital multimeter

2 x 0-2A analogue dc ammeter

1 x 0-10A analogue dc ammeter (AVOSB)
1 x tachometer

4mm connecting leads

- REMEMBER -

- WORK SAFELY AT ALL TIMES -
observe correct isolation procedures

South Western Sydney Institute of
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Applied Electromagnetism (607?H ~ NUEQ43) - Practical 9 - The DC Motor

PROCEDURE 1: VARIABLE ARMATURE CURRENT

1. Connect the motor-as shown in figure 1.

0-2A de 5 ; 0-2A de +
+O + \‘A/, 1 Al @+ 5
| % Digital
Shunt - t
DC. DC ftimeter
Supply Field Supply @ 200V de
Inertia Whee!
~o- E2 A2 ==
Figure 1

2. Ensure both power supplies are adjusted for minimum output.

3. Adjust the field power supply for a field current of 1A.

4. Adjust the armature supply for an armature voltage of 10V, then measure and record in-

table 1 the armature current and motor shaft speed.

Table 1

Field Current| Armature Voltage Armature
amperes | volts Current
‘amperes

Shafe Speed
pm

10

12

1A _
14

16

- 18

20

22

24

5. Repeat the procedure for each value of armature voltage shown in table 1.

6. Do not proceed unitil the teacher checks your results and completes the progress table.

Progress Table 1

attempt 1 | attempt 2

-attempt 3

A B

C
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PROCEDURE 2: VARIABLE FIELD CURRENT

bR\ I o

{able 2 the motor shaft speed.

Table 2

Use the same circuit arrangement as that shown in figure 1.
Ensure both power supplies are adjusted for minimum output.

Adjust the field power supply for a field current of 1A.

Armature Voltage
volts

Field Current
amperes

Shaft Speed
¥pm

0.4

0.6

24V

0.8

1

1.2

1.4

1.6

Adjust the armature supply for an armature voltage of 24V, then measure and record in

5. 'Repeat the procedure for each value of field current shown. in table 2 by firstly reducing
the field current below 1A, theén subsequently above TA.

6. Do not proceed until theteacher checks your results and completes the progress table.

PROCEDURE 3: EFFECT OF LOAD

1. Connect the circuit as shown in figure 2.

Note: Three dc power supplies are required -

1. field supply
2. armature sup‘_p_ly_
3. eddy current load.

Progress Table 2

attempt 1

attempt 2

attempt 3

A

B

e

South We_stern-Sydney Institute of
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0-2A dc 0-10A dc

3 "
o *(a) EI Al (a): )
+ ¥ pigital
- Shunt | C it
Supply Field Qﬁupﬂy 85 @ 200vde
Eddy Current Load
—0 - — O
o E2 A2 O

Figure 2

. Do not proceed until the teacher checks your circuit and completes the progress table.

Progress Table 3

attempt 1 | attempt 2 | attempt 3
A B C

- Ensure the armature and eddy current power supplies are switched off.
. Adjust the field current to 2A.
. Adjust the armature supply to 24V. The motor should accelerate up to speed of

approximately 1500rpm.

. Measure and record, in table 1, the armature current and motor speed.

Table 3

Field Current | Load Torque | Armature Current | Shaft Speed
amperes Nm amperes Ipm

0

0:1

2A »
02

0.3

0.4

0.5

. Switch on the supply to the eddy current load and adjust for a load torgque of 0.1Nm.

Ensure the field current is set to 24, adjust if necessary.

8. Measure and record, in table: 1, the armature current-and motor speed.

. Repeat the procedure for each value of load torque shown in table 1. In doing so, be sure
to miaintain the field current constant at 2A.

232
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10. Do not proceed until the teacher checks your results and completes the progress table.

Progress Table 4

attempt 1 | attempt 2 | attempt 3
A B C

11. Switch off the dc power supplies in the following sequence -
1. eddy currerit load
2. armature
3. field.

12. Disconnect the circuit.

13. Please return all equipment fo its proper place, safély and carefully.

OBSERVATIONS:
1. What is the effect on the force exerted on the armature as a result of increased armature
current?

2. If the force exerted on the armature is increased, what is the effect on the forque
developed by the motor.

3. What is the relationship between field current and armature speed?
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4. Assuming constant field cuirent, what is the effect of increased load on the speed of a dc
motor?

5. Assuming constant field current, what is the effect of increased load on the armiature
current taken by a dc motor?

g s ok S e o skl o o o
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Tutorial 11

THE loTOR

Please note the following requirements in relation to tutorial work -

® All tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled

together. Write on one side only of the answer sheets, and all work is to be completed in
ink.

@ In the case of multiple choice type questions, the question number and corrésponding
answer letter are to be writtén ori the answer sheet.:

¢ In the case of short answer type questions, the question and part number with your word or
phrase chioice is to be written on the answer sheet.

© All relevant equations and working are to be shown in ‘the case of caleulation type
questions. '

SECTION A

In the following statements one of the suggested answers is best. Place the identifying letter of
your choeice on your answer sheet,

1. A DCiotor converts energy to ‘energy.
(a) electrical, mechanical
(b) electrical, electrical
'(¢) chemical, electrical
(d) mechanical, electrical

2. To determine the forces acting on a current carrying conductor within a magnetic.field, you
would use: -

(a) Flemmings right hand
{b) Lenz’s law

(c) right hand conductor rule
(d) Flemmings left hand rule

3. 'Thetorque produced in a DC motor is to the armature current and to the main

field flux.
(a) inversely proportional, proportional
(b) proportional, proportional

(c) -in_versely proportional, inversely proportional
(d) proportional, inversely proportional

‘South Western Sydney Institute Of 235,
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4. Anincrease in the load applied to a DC motor will cause the motor speed to. and the
motor torque to

(a) increase, increase
(b). decrease, decrease
(c) decrease, increase
(d) increase, decrease

5. Whilst driving a load, a.
applied motor voltage.
{a) counter.emf, opposes
(b) counter-emf, increases
(¢) mutual emf, opposes
(d) mutual emf, increases

is generated in the armature conductors which the

SECTION B

For the following questions, complete the statements on ‘your answer sheet with the word or
phrase you think fits best.

The force actirig upon a current carryiing conductor dependsonthe. (1) of the magnetic
field, the . (2)__ ﬂowmg 1in the conductor and the. ___(3)__ of the conductor within the
magretic field.

The torque developed within a DC motor i is proportional to the ___(4)___ acting on the conductor
and the ___ (5) _  of the armature.

If the'load applied to a DC motor is decreased, the:
speedwill __(6)
thebackemfwill __(7)__,
the armature current will __(8)___and
the torque developed by the motor will ___(9)

The emf generated within the armature'conductors ___ (10)___ the applied voltage, and is known as
a__ (11)___.

The field system of a DC motor is mounted onthe __(12)___ and the current in the armature
conductors is transferred from the- supply via the —(13)___and __(14)

‘The current flowing in the armature ¢onductors is dependant on the __(15).__ generated within

the armature conductors.

If the load applied to a DC motor is increased, the:

speed will __ (16)___,

theback emfwill___(17)__

the armature carrent will__(18)___and

the torque developed by the motor will __ (19)

Motor torque is produced when the main __(20)___ reacts with the armmature__ (21)
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SECTION C

The following problems are to be solved with the aid of a calculator. Any working for a. problem
1s-to be fully shown. Where a problem involves calculating for citcuit conditions, a neat and fully

labelled circuit diagram (if not provided) is to accompany the question. Answers are to be

expressed in the appropriate multiple or sub-multiple.

1.

A 150mm long conductor carries a current of 40A at'right angles to a magnetic field with a
flux density of 0.5T. Determine the force acting on the conductor. (3N}

Determine the increase in flux density required in question 1 to ‘increase the force acting on
the conductor to 7N. (0.667T)

An armature has a radius of 125mm, and an effective conductor length of 150mm under the
field pole. If the main flux is 0.4T and the armature current is 100A, determine

(a) the force acting on the conductor; (6N) and

(b) the torque developed on the conductor under the field poles. (0.75Nm)

An armature with a radius of 125mm is wound with 4 coils each of 100 turns. If the effective

length of one half of a loop under the field poles is 200mm, the current in the conductors is
250A and the flux is 0.2T, determine the torque developed within the armature. {1000Nm)

A DC motor has a machine constant of 20, a2 main flux of 0.015Wb and runs at 750rpm.
Deterniine the emf generated within the armature conductors. (225V)

If the motor in question 5 is connected to a 250V supply and has an armature ¢ircuit resistance

0f 0.15€2, determine the amount of cutrent flowing in the armature. (167A)

‘The motor shown in figure 1 has a field flux of 0.0125Wb, runs at 250rpm, and has a

machine constatt of 8. For these condltlons determine the;
(a) back emf; (25V)

(b) armature current; (30A)

(¢) developed torque; (3Nm) and

(d) armature circuit voltage drop. (3V)

Eq
+ O O+
bC Field :
Supply Winding ! V=28V
=0 Oy
E,
Figurel
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SECTION D

1. Complete figure 2 as follows:
(a) Figures 2(a) and 2(b) show the force acting on the conductors;
(b) Figures 2(c) and 2(d) show the currents flowing in the conductors;
(c) Figures 2(e) and 2(f) show the magnefic field polarities.

t O3 i@l _;

Figure 2(a) Figure 2(b)
] }
0F3 HOET

Figure 2(c) Figure 2(d)

g }
t |®[ 3 e

Figure 2(e) Figure 2(f)

2. State and describe the method you used to complete figure 2.

Add this completed sheet to your tutorial assignment for assessmant.

Sedeok K ol kb ok Aok kbR ok ok ke koo
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Section 12

IOTOR CHARACTERISTICS

PURPOSE:

This section introduces the types, operating characteristics and reversal of rotation of DC
motors,

TO ACHIEVE THE PURPOSE OF THIS SECTION:

At the end of this section the student will be able to:
® list the three main types of dc motor.
® draw circuit arrangements and connect various de motors.
® staie typical applications of various types. of dc motor.
@ describe the operating characteristics of the varions types of de motor.
® reverse the direction of rotation of 4 dc motor.
® calculate values of voltage, current and torque associated with dc motors.

REFERENCES:

Electrical Principles for the Electrical Trades. Sth Edition. Jenneson J R
Pages 276-284.
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| I

-

TYPES OF DIRECT-CURRENT MOTOR

The structure of a dc motor is essentially the same as that of a dc generator.
The saime machine may operate either as a generator or a2 motor,

Direct-current motors, as well as generators, are classified according to the way the field
winding is connected relative to the armature as;

e wound

e _wound

® wound.
SHUNT WOUND MOTORS

In a shunt motor the field is connected directly across the line and since the line voltage is
constant -
@ field current
and

e field flux:

Figure 1 shows the circuit diag_ram of the shunt motor and figure 2 the equivalent cireuit.
Also included are the voltages and cuirents associated with the motor.

+&

E; A !
De Sh'_unl .
Supply Freld !
Ey A
-0 & 2
Figure 1
: E A
+O ' '
= =
]
i 3
De o
Supply v i
el
LIEA
-0
El A 2
Figure 2
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If such a-motor is unloaded the retarding torque is small being due only to windage and
friction. The armature will develop a back emf that will restrict the armature current o a
value that will cause the motor to develop a torque equal to the resisting torque.

‘When a load is applied to the motor -

® motor speed. _~ because. the small no-load current is just
sufficient to produce a torque to overcome
friction..

® generated back emf _ , since the field flux is constant

@ armature current

® torqueis until it.is equal to that required by the load.

When this point is attained, the armature current and speed will remain constant until the
load is again changed.

.......

If the load is decreased, the torque developed will be greater than that of the external Joad.
Then the -

e speed will

¢ back emf will

® the armature current will

From the last explanation it can be seen that the armature current required by a shunt motor
is regulated automatically by the load placed upon it. This.is true for all types of dc motors -
shunt, series and compound.

The industrial application for which a motor is best suited depends upon the variation
‘of the speed and the torque with the load.

The reduction in speed of the motor, caused by load, is reduced slightly by armature reaction;
which causes the flux to be less and the speed to increase correspondingly. In some cases
armature reaction is sufficient to cause the speed to remain nearly constant or even increase
with an increase in load.

For these reasons a shunt motor is considered a speed motor, even
though the speed usually decreases slightly with an increase in the load.
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Characteristics of a typical shunt motor are shown in figure 3, where speed, torque, and
efficiency are plotted against armature current.

Speed -pm
Efficiency - %
Torque - Nm

A j

0 Armatore Current - Amperes

Figure 3

The characteristic curves for the shunt motor show -
@ small speed variation from no-load to full-load.
e torque is almost linear over a reasonable range of load currents.

® efficiency increases rapidly at light loads, reaches a maximum at rated load value and
decreases gradually. This is due to the fact that at light loads the friction and copper
losses are high when compared with the external load. Above full-load the copper
losses in the armature cause the efficiency to decrease gradually.

The shunt motor is best suited for speed drives,

1t meets the requirements of a large range of industrial applications, such as the driving of

machine tools, blowers and fans.

Example: 1

A 250V shunt motor takes a line current of 20A. Determine the back emf at'this load, given
the resistance of the shun field 1s 200Q and that of the armature circuit is 0.20,

Example: 2

If the load on the motor in example 1 is increased such that the line current increases to 25A.
determine the motor back emf.

o
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3. SERIES WOUND MOTORS

The field coils of series wound motors ar¢ connected in series with the armature and carry
the'load current, as shown in figure 4. The eross-sectional area of the copper used in the field
windings must be large enough to carry the load current; there are comparatively few turns in

‘the field coils.
+0 Y'Y
D} - Beries 'Dg
Field
DC
Supply
-0
Figure 4

The equivalent circuit of the-seﬁes motor is shown in figure 5.

D Dy A

+0- = . k
=]
] 1
| I
1 1
pC | N R
Supply- adi
=1
il
L4

Ax

Figure 5

In the series motot the field strength depends upon the value of the armature current.

When the motor is operating on no-load -
© the only torque the motor has to develop is that required to overcome friction and
windage.
® consequently the armature and field current is small, and the field strength is
° ‘the motor must run at a speed to generate the back emf
required to limit the armature current to the required value.

Centrifugal forces set up by this very high no-load speed, which is a characteristic of
the series motor, may tear the armature conductors from the slots and destioy the
motor. For this reason series wound motors should never drive a load through belting;
they should always be direct-coupled to the load to drive fans or blowers, or drive
through gearing in the cases of trains, trams and cranes.

In very srriall series wound motors, friction, windage and armature resistance are relatively
high and are usually sufficient to ensure a safe no-load speed.
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As the load on the motor is increased -

@ armature current must

® the increased armature current flows through the series field coils and
the field flux since the magnetic circuit of the motor is unsaturated at light loads.

¢ the back emfrequired to limit armature current is

® the back emf can be generated at a much speed at the increased
field strength.
If the load is increased above full oad the ‘magnetic circuit becomes saturated and the field

strength remains fairly constant. This means that the decrease in speed, for a given increase
in load, becomes less.

The overall result of changes in load current and flux is that at light loads the speed of a
series wound motor decreases considerably as the load increases. As the load i is further
increased the speed continues to decrease buf less rapidly than at light loads.

The series motor is essentially a _speed machine.

The torque developed by a series motor increases rapidly as the load current is increased,
since the torque developed by any dc motor depends upon the product of flux and armature.
current. During the time the field is only moderately magnetized the flux will be almost
directly proportional to current and the torque is therefore almost directly proportional to
current squared. This relationship is shown in figure 6, where speed, torque and efficiency of
a typical series motor are plotted against load current (armature current)

A

Speed - ipm
Efficiency - %
Torgue - Nm

Rated f.oad

0 Armature Current - Amperes

Figure 6
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The characteristic curves highlight the following -
® torque increases rapidly with increased load. Such characteristics make the use of the
series motor desirable where it is necessary to supply a large torque with a moderate
increase in current, For this reason a series motor is ideal where high starting torques
are required.

e wide variation in speed with change in load.
¢ although the efficiency of a series motor varies approximately the same as that of a
shunt motor, the actual operating values of efficiency are usually much lower. This is

due to the fact that a series motor seldom operates at. its rated load; it is continually
accelerating and decelerating,

Series motors are used chiefly for widely varying loads where extreme speed changes are not
objectionable. They are used extensively for -

¢ cranes and hoists.
® traction purposes.

The large torque developed by series motors is very suitable for work demanding frequent
acceleration under heavy loads.

Example: 3

A 400V series motor has an armature circuit resistance of 0.4€) and the back emfis 360V.
Calculate the armature current:

Example: 4
The load on the series motor in example 3 is increased causing the armature current to o~
increase to 125A. Determine the back emf of the motor. '
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4. COMPOUND WOUND MOTORS

Based on what has been considered so far, the speed of a -
° shunt motor is nearly constant at all loads, normally decreasing slightly with increasing:
load.

@ series motor varies considerably, decreasing in a marked manner as the load is
iticreased.

Figure 7 shows the connections for the compound motor and figure 8 the equivalent circuit.

Series Field

+0

+0O 4 —

=

Supply

g

i
s

Es.

Ed
]

Figure 8

When using compound windings, that is, both shunt and series c_()ils connected in such a
manner that the series winding assists the shunt, the motor speed characteristic can be.
intermediate to those of the shunt and series. motors -
® the shunt winding suffices to limit the no-load speed to a safe value
@ the series winding increases the flux as the load increases and so causes the speed to
decrease considerably with heavy loads.
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This method of connection is called “cumulative compound” and in figure 9, speed and
torque of a typical machine are plotted against armature current.

Speed - pm
Torque - Nm

1
1
|
1
i
1
1
H
i
i
f
3
i

0 Armature Clrrent - Amperes

Figure 9

The speed and torque characteristics of a cumulatively-compounded motor may approach
those of shunt or series motors as limits, depending upon the strength of the two fields -

o if the motor contains a “light _seri__es winding” it will have better torque characteristics
than a shunt motor, but will retain most of the good speed regulation of the shunt
motor.

o if the motor has a light shunt winding sufficient to maintain the no-load speed within
certain limits and a “heavy series winding”, it will have the characteristics of a series.
motor, but will not operate at a dangerous speed at light load.

Compound motors are used for driving machines that require fairly constant speed and are
subject to irregular loads or sudden applications of heavy loads, such as -
® presses
@ planers s,
¢ COMPressors |
e lifis..
o they are also used in situations where it is desirable to give the motor some protection
from the effects of intermittent overloads. The provision of a heavy series field
winding causes a decrease in speed under heavy loads and reduces slightly the output
from the motor.

Another method of connecting the field coils in a compound-wound motor is known as
“differential compound”,
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Figare 9

The series coils are arranged to oppose the shunt coils so that their effect is to reduce the
useful flux progressively as the load on the motor increases.

As d result of the reduced flux the motor tends to its speed with increased load.

According to the strength of the series fields the speed may be maintained practically
constant at all values of load or:it may be allowed to increase slightly as the load increases.
In either case only a relatively weak series field is needed.

Differentially-compounded motors have very little application. Their only advantage is that it
is possible to arrange the proportion of shunt and series ampere-turns to provide a constant
speed over their load range, Consequently they are only used for special cases where the
constancy of speed is of the utmost importance.

Sudden fluctuations of load will cause the speed of the differentially-compounded motor to
fluctuate. Heavy overloads may so weaken the. field that the motor will race, then stop and
reverse. Starting devices must be so arranged that the series winding is short circuited until
the motor is up to speed; otherwise the series field is likely fo overpower the shunt field and
cause the motor to-start in the incorrect direction.

In practice differentially-compounded motors have been almost superseded by shunt motors
which can be designed to give a constant speed, over alargerange of load, without any of
‘the disadvantages caused by the opposing field fluxes of the differentially-compounded
machine.

ST

Example: 5
A 240V compound motor has a shunt field resistance of 120£2, a series field resistarice of
0.3€2 and an armature resistance of 0.5, What is the line current if the. back emfis 220V?

e

248 South Western Sydney Institute of




Applied Electromagnetism (6077H - NUE045) - Section 12 - DC Motor Characteristics

Example: 6
If the load on the compound motor in figure 5 is increased such that the line current is 324,
determine the motor back emf,

5. REVERSAL OF ROTATION

In practice, it often becomes necessary to reverse the direction of rotation of a motor. In g
some applications, such as crarnes, hoists, lifts and winches, the reversal of rofation is
frequent and must occur in the shortest possible time.

To reverse the direction of rotation of a motor, the direction of flow of
“cither” the field or the armature current must be reversed.

If the supply cables to the motor are interchanged the motor will operate in the same
direction as previously, because both the field current and the armature current are reversed
in direction. There will be no change in the direction in which the magnetic forces act on the
conductors carrying current in the magnetic fields of the machine.

A shunt motor is shown.in figure 10.

+0 N +0O 5 A
|
: _ EI . .-““"‘-\\.:
DC DC' Sh‘l.ll'.l_[ . .
Supply \ Supply Field
5 B

N A a2

—_ G . 2 e C ; o A 3
Figure 10 Figure 11

For the field and armature currents shown, assume the direction of rotation is.

In figure 11, the Shuiit__ﬁeld. connections only are inter_changed- thus reversing the direction of
rotation. There is no alteration to the armature circuit.
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The armature circuit connections only are interchanged in figure 12 and again the direction
of rotation is reversed.

+ O —
E
SI.I]J]J[)-’ Field "
E
_C <
Figure 12
Figure 13 shows a series motor.
+0O- Y : e Ve o +6 Y™
; b D, A Dy Dy Ay D B,
DC DC bC
Supply Supply Supply
A As
—0— * -0 : -0
-Fig_ure 13 Fig_ure 14 Figure 15

In figure 13; assume the direction of rotation is clockwise,

In figure 14 the connections to the series field winding are interchanged, thus reversing the
direction of rotation.

In figure 15 the connections to the armature circuit are interchanged and the direction of
rotation is reversed.

Ah_n'ost all compound motors have the field: windings connected so that the currents flow in
the same direction in both shunt and series field coils, that is, they are “cumulatively
compounded”. The diagram of figure 16 shows a machine of this. type.

Series Field

+O

.Ei
DC Shunt

Supply Field

B,

P o &
Figure 16

For the field polarity and_dir_ecﬁon of armature current shown in figure 16, assure the
direction of rotation to be clockwise.
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In figure 17, the connections to both the shunt and series field windings are interchanged;
this reverses the direction of rotation. It is necessary to interchange both the shunt and series
field connections. If only one change were effected the motor would be differentially
compounded.

+0- : > , __m;
Ey A
pC Shunt * Q
Supply Figtd
E, JA2
Sl -6
Figure 17

The connections to the armature ¢ircuif only are interchanged in figure 18; this reverses the
direction of rotaiion. This is the simplest method of reversing a compound motor since only
one reconnection is necessary. If the fields are reversed, two reconnection's are necessary.

+0 D b
E;

DC Shunt

Suppl_)_(_ Field

B

— c <

Figutre 18
Caution:

Separately-excited and self-excited shunt and compound machines have
highly-inductive field circuits if opened suddenly whilst full field current is flowing,
the emf of self-induction may be high enough to puncture the insulation of the field
windings, thus resulting in a breakdown.
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Name: | Practical 10

OTOR CHARACTERISTICS & REVERSAL

PURPOSE:

This practical assignment will be used to examine the characteristics and reversal of de
motors.

TO ACHIEVE THE PURPOSE OF THIS SECTION:

At the end of this practical assignment the student will be able to:
¢ Connect shunt, series and compound motors:
® Plot the characteristics of shunt, series and compound motors.
® Reverse the direction of rotation of shunt, series and compound motors.

EQUIPMENT:

1 x dual variable dc power supply (0-6A output)
1 x Betts dc compound machine.

1 x Betts eddy current load

I x Betts double machine bed

1 X digital multimeter

2 X 0-5A analogue dc ammeter

1 x tachometer

4mm connecting leads

0000000

- WORK‘-SAFELY AT ALL TIMES -
aobserve correct isolation procedures
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PROCEDURE 1: SHUNT MOTOR

+og
+
Siiply CV

Digital
multimeter

200V de

Ey
Shunt )
Field

Ez

Switch on and slowly adjust the motor
motor should start and accelerate up to

Figure 1

A gh

Eddy Current
Load

Ensure both power supplies are adjusted for minimum output.

_ +

~ Table1
Voltage | Motor Shaft Field | Armature| Line
volts Torgue Speed Current | Current | Current
Nm rpm amperes | amperes | amperes
0
_ 0.1
24V
0.2
0.3
0:4

Repeat the procedure for each value of torque shown in table |.

1. Connect the shunt motor, with eddy current load attached, as shown in figure 1.

power supply for a supply voltage of 24V. The
speed.

. Measure and record, in table 1, the shaft speed, field current and armature current.

. Adjust the supplyto the eddy current load for a torque of 0. INm. Then measure and
record, in table 1, the shaft speed, field current and armature current.

7. Complete table 1 by determining the line current for each load condition. I, = I + I,

- Do not proceed until the teacher checks your results and completes the progress table.

Progress Table 1

atternpt 1

attempt 3

A

attempt 2
B

&

254

South Western Sydney Institute of




Applied Electromagnetism (6077H - NUEQ45) - Practical 10 - DC Motor Characteristics & Reversal

9. ‘With the motor operating under no-load, note the direction of rotation of the motor shaft "
looking at the drive end.

Direction ofrotation =

10. Swiich the motor off,
11. Reverse the connections to the shunt field.

12. Switch the motor on and note the direction of rotation of the motor shaft looking at’ the
drive end.

Direction of rotation =

13. Do not proceed until the teacher checks your resuits and completes the progréss tabie.
Progress Table 2

attempt 1 | atterpt 2 | attempt 3
A B C

PROCEDURE 2; SERIES MOTOR.

1. Connect the series motor as shown in figure 2.

+ YN
CR Dy Series Da
Field

+
v Dipital
SDC;- C‘D-multimmcr
vk 200V de.

&

.........

Figure 2
2. Ensute both power supplies are adjusted for minimum output.

Switch on and slowly adjust the motor power supply for a supply voltage of 24V. The
motor should start and accelerate up to speed.

4. Measure and record, in table 2, the shaft speed and armature current.

5. Adjust the supply to the eddy current load for atorque of 0. INm. Then measure and.
record, in table 1, the shaft speed, field current and armature current.

6. Repeat the procedure for each value of torque shown in table 2.
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Table 2
Voltage | Motor Shaft | Armature
volts. | Torque Speéd | Current
Nm Pm -amperes
O.
Q.1
24V
0.2
0.3
04

7. Do not proceed until the teacher checks your results-and Complet_es the progress table.

e

Progress Table 3

attempt 1 | attempt 2 | attempt 3 |

A B C

8. With the motor operating under no-load, note the direction of rotation of the motor shaft
looking at the drive end.

Direction of rotation =

9. Switch the motor off
10. Reverse the connections to the series feld.

11. Switch the motor on and note the direction of rotation of the motor shaft looking at the
drive énd.

- Direction of rotation =

12. Do not proceed until the teacher checks your results and completes the progress table:

Progress Table 4
attempt 1 | attempt 2 attempt 3

A B C
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PROCEDURE 3: COMPOUND MOTOR.

L.

Connect the compound motor as shown in fi gure 3.

+o

+
Supply V)

o

Digital
multimeter

200V de

Figure 3.

Ensure both power supplies are adjusted for minimum output.

Switch on and slowly adjust the motor power supply fora supply voltage of 24V. The
motor should start-and accelerate up to speed.

Measure and record, in table 3, the shaft speed, field curent and armature current.

_ Table 3
Voltage | Motor Shaft Field | Armature| Line
volts ‘Torgue Speed Current | Current | Current
Nm pm amperes | amperes. | amperes
0
0.1
24V 0.2
0.3
04

Adjust the supply to the eddy current load for a torque of 0.1Nm. Then measure and.

Repeat the procedure for each value of torque shown in table 1.

Complete table 1 by detemjining. the line current for each load condition. I =

record, in table 1, the shaft speed, field current and armiature current.

L+l

8. Do not proceed until the teacher checks your circuit and completes the pro gress table,

Progress Table 6

| attempt 1

- attempt 2

attempt 3

A

B

C
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9. With the motor operating under no-load, note the direction of rotation of the motor shaft
looking at the drive end.

Direction of rotation =

10. Switch the motor off.
11. Reverse the connections to the armature.

12. Switch the motor on and note the direction of rotation of the motor: shaft looking at the
drive end.

Direction of rotation =

13. Do not proceed until the teacher checks your results and completes the progress table.

Progress Table 4

attempt:1 | attempt 2 | attempt 3
. A B C

14. Disconnect the circuit.

15. Please retum all equipment- to its proper place, safely and carefully.

OBSERVATIONS:
1. Ofthe three types of motor tested, which had the highest no-load speed? Why was this the
case.

o

2. Ofthe three types of motor tested, which had the greatest variation in speed from no-load
to-full-load? |

3. Of'the three types of motor tested, which produced the highest torque for the least line
current?
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On the axes of figure 4, plot the speed-torque characteristics for each of the motors tested..

2000 - -

5 ) .f : : :

FU ' s ¥ 1 "

L ! : . [ ] b

2 10 ST R TR : ‘

=) 800 Cemm o e : £ : i i : 5 i
= f ! ;o

4oo| - AR TET
200}

0 0.1 0.2 03 0.4

Motor Torque - Newton metres

Fi g_urc-_'4

- Of the three types of motor tested, which required the least armature current to produce a
torque of 0.4Nm? Explain why this was the case.

Which motor would be best for driving a near constant speed load that did not require a
large value of driving torque?
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7. On the axes of figure 5, plot the torque-armature current characteristics for the three

motors,

O b e

0.3

Torque - Newton mietres.

8. Of'the three types of motor tested, which would be best for drivin

torq_uc?
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Tutorial 13

DC MoTor CHARACTERISTICS

Please note the following requirements in relation to tutorial work -

@ All tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled
together. Write on one side only of the answer sheets, and all work is to be completed in
ink.

® In the case of multiple choice type questions, the question number and comresponding
‘answer letter are to be written on the answer sheet.

® In the case of short answer type questions, the question and part number with your word o
phrase choice is to be written on the answer sheet.

@ For calculations questions all relevant equations and working are to be shown.

SECTION A

In. the following statements one of the suggested answers is best. Place the dentifying letter of
‘your choice 6n your answer sheet,

1.

In a de shunt motor, the and are constant,
(a) field current, armature flux

(b) field flux, armature flux

(c) field flux, armature current

(d) field current, field flux

A dc series motor should never be run unloaded, as this will cause the motor to:

(a) overheat

(b) overspeed

(c¢) overload

(d) slow down. S

DC compound motors are usually connected to be compounded.
(a) cumulatively

(b) differentially

(¢} shunt

(d) series

To reverse-the direction of rotation of a compound motor by field reversal, you would reverse
the connection to:

(a) the series field only

(b) either the shimt or series field

() both the shunt and series fields

(d) the shunt field only
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5. Whilst driV'ing aload, a is generated in the armature conductors which the.
applied motor voltage,

(a) counter emf, increases

(b) mutual emf, opposes.

(¢) mutval emf, increases

(d) counter emf, oppeses

SECTION B

For the following questions, complete the statemients on your answer sheet with the word or

phrase you think fits best.
Three methods of connecting a DCmotor are (1) (2)__and__ (3)

If the load connected to a shunt connected DC motor is increased, the motor speed will —
the back emf will __(5)__, the armature current will —(6).__, and the motor torque will
TN )

A shunt connected DC motor is considered to be a (8)__ speed motor, and a serjes
connected DC motor is considered to be a —(9)____speed motor.

When unloaded, the speed of a series connecied DC motor is ___(10)____ due to the _{n__
field strength,

‘Over speeding of a series connected DC motor is prevented by having a —(12) _ connected to
the motor, or by having a light __(13)__ connected across the supply.

If the load connected to a series connected DC motor is increased, the motor speed will
—(14)___, the back emf will (15)___, the armature current will__ (16)__, and the motor
torque will __ (17)__ .

Series connected DC motors are commonly used for  ( 18)___and__ (19)

Compound connected DC motors are used for —(20)___ speed applications where sudden
changesin__ (21)__ may occur. Two examples are (22)___and (23)

Reversal of DOR in a DC motor is achieved by reversing the __ (24) _ connections or the
—_(25)___ connections, but NOT both.

If reversing the DOR of a compound motor is required, reversing the — (26)___ connections is
the simplest and preferred method as only _ (27)._ _reconnection is required.

A common application of shunt connected DC motors is (28, .
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SECTION C

The following problems are to be solved wi_th the aid of a calculator. Any working for a problem
is to be fully shown. Where a problem involves calculating fot circuit conditions, a neat and fully
labelled circuit diagram (if not provided) is to accompany the question. Answers are to be

L

expressed in the appropriate multiple or sub-multiple.

A 28V shunt connected motor draws a line current of 50A. Determine the back emf for these
load conditions-of the armature resistance is 0.0505€2, and the shunt field resistance is. 560.
25.5V)

If the back emf in.question decreases to 25V, detérmine the current drawn form the supply.
(59.9A)

A 240V series connected motor has a line current of 40A. If the series field resistance is 0.4Q
and the armature resistance is 0.6Q, determine the back emf generated within the armature.

(200V)

1f the back emf in question 3 increases to. 215V, determine the new value of line current
drawn from the supply. (25A)

A 250V compound motor has a shunt field resistanice of 1009, a series field resistance of
0.5€ and an armature resistance of 0.8Q.
() draw an equivalent circuit for the motor, being sure to fully label the circuit and show all
motor currents:
(b) if the back emfis 216V, determine the current drawn from the supply; (21.73A)

(c) if the load current increases to 45A, determine the back emf now genetated within the

armature (194,75V)
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SECTION D
Add this sheet to your tutorial answer sheets.

L. For the diagram of figure 1(a), assume the motor’s DOR is clockwise. In the didgram of figure
1(b), show how you would reverse the DOR. by reversing the field connections.

+O : +0 <

]

Figure 1(a) Figure 1(b)

ey

2. For the diagram of figure 2(a), assume the motor’s DOR is clockwise. In the diagram of figure
2(b), show how you would reverse the DOR by reversing the field connections.

+0——n +0—

-0 -0

Figure 2(a). Figure 2(b)

3. For the diagram of figure 3(a), assume the motor’s DOR is clockwise. In the diagram of figure
3(b), show how you would reverse the DOR by reversing the field connections.

Figure 3(a) Figure3(b)
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Section 13

)C MOTOR STARTING & SPECIALIST M ACHINES

PURPOSE:

This section examines the need for starters in conjunction with dc motors and introduces
specialist de machines.

TO ACHIEVE THE PURPOSE OF THIS SECTION:

At the end of this section the student will be able to:
® explain the need for current limiting de motor starfers.
© calculate the value of starting resistance required for a given de motor.
® describe the construction of tachogenerators, servomotors and stepper motors:
© explain the operating principles of 'tachogcnerators, servomotors and stepper motors.
@ list applications of tachogenerators, servomotors and stepper motors,

REFERENCES:

Electrical Principles for the Electrical Trades, 5th Edition. J enneson J.R.
Pages 278-279, 291-293 and 319-320.
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L

FUNCTION OF A MOTOR STARTER

‘The value of current required by-a dc motor armature depends mainly upon the value of the
induced in the armature.

_ A
+0 '
g o |

1 1

i 1

1 1

DC i i
Supply Ly
L

il

LI

Ay

Figure 1

Motoer back emf is proportional to the product of the -

and

° and will be when the armature is at standstill.

If the motor were connected to the supply while the armature was at standstill or “rest”, the
strength of the armature current would be lirnited by only the -

Due to the comparatively low resistance of atmatures, the current would be
and would result in damage to the brushgear and commutator.

Ttis invariably the practice to start dc motors from standstill by means of a special starter
which is so arranged that, on starting, the armature is firstly connected to the supply through
a resistance sufficiently high to reduce the current to a safe value.

R 5

+ 0= T T
“Starier i
A ]
1 {
DC l i
Supply VLt
.
LIt

e

Ay

Figure 2

The resistance-in sertes with the armature is gradually diminished by operation of the starter
as the speed and back emf of the armature increase.

In the final or “running” position of the starter, the resistance is entirely “cut out”, so that the
armature current then depends upon the back emf of the armature only: This is the function
of the motor starter.
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In order that shunt and compound motors may develop their correct torque when starting, it
1s essential that the current in the shunt-field circuit should be the normal value. Therefore,
the starter resistance is conmected in series with the armature circuit-and the shunt field is
supplied with the normal supply voltage. See figures 3 and 4.

Series Feld
+ O— — Dmﬂ
: T — ; . R 1 D
+0O ; TR : Ay E, . T
Starter p Ay
' nc Shant
oC : : : ST
Supply Q Supply Field. Q
Aj
As
-0 2 -0 |
Figure 3 Figure 4

The current required by amotor, at starting, is usually limited to approximately
of the full-load armature current. This value of ‘current enables the motor to -

° start under full load
and

®  accelerate to full speed fairly rapidly.

The following example shows the method of calculating the value of resistance required in a
starter to limit the armature current to a specified value at standstill.

Example: 1

A 600V, ~compound-wound, dc miotor requires a line current of 23A at full load. Its shunt
field resistance is 12000, and its armature circuit resistance is: 1Q. Determine the starter
resistance required to limit the starting current to 150% of the full-load armature current,

) . Serigs Field
T T 3 l_l-l—_' . Dy Dy i
Bl ‘Starter
Ay
v g o000 O
. G
Ey
_-.C r.
Figure §
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Example: 2
A dc motor operates on 240V, and takes a full-load current of 43A. Given the resistance of

the shunt field is 480 and the resistance of the armature is 0.5Q2, calculate the resistance of
a starter to limit the armature current to 150% of full-load armature current.

Example: 3

A 250V dc series motor takes a full-toad current of 100A. The resistance of the series field
winding is 0.1Q and that of the armature 0.067€2. Determine the starting resistance required
to limit the starting current to 150% of full-load armature current.

T
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STARTER RESISTORS

The material and form of resistance elements for a starter depend upon the current-carrying
capacity required.

For currents up 1o approximately 20A they consist of resistance wire, usually a
high-resistance alloy such as Eureka, wound on insulated bobbins.

Figire 6

For very heavy currents the resistance sections may be in the form of casi-iron grids.
Alternatively, they may be made of resistance material of rectangular cross-section, wound
on edge. The starter resistors of electric trains; for example, are these types.

Figure 7

Starter resistors are designed to carry the heavy starting current “intermittently”. If they are
in circuit too long, they ate liable to become overheated. '
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3. THE TACHOGENERATOR

The tachogenerator, is a generator that utilises permanent magnets to establish the field flux,
Two examples of small tachogenerators are shown in i gure 7.

Figure 7

Earlier it was shown that the voltage induced in the armatire of a generator could be
determined using the equation -

As the field flux of the tachogenerator is produced by permanent magnets, the flux will be
constant. Therefore, the voltage produced will be proportional to the speed of rotation.

Figure 8 shows the voltage speed characteristic for the tachogenerator.

Generated Voltage ~ volts

Py

=,
)

Armature Speed - rpm
Figure 8

Because of'its characteristics, the tachogenerator is used -
®  directly for the measurement of speed
® toprovide feedback as part of a speed control system.
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4. THE STEPPER MOTOR

Up to this point, we have discussed devices that are basically analog in nature. By analog, we

mean that the motor armature turms at a speed proportional to the input voltage. For example,
in a permanent-magnet motor, if we increase the input voltage, the armature speed will also
increase. The speed of the permanent-magnet motor can also be continuously varied. The
speed does not have to he adjusted in steps..

A motor that takes electrical pulses and changes them into mechanical movement is
called a stepper (or stepping) motor.

Conventional motors, as we have sgen, rotate continuously when power is applied to them.
The stepper motor, when pulsed, rotates or steps in fixed angles. The output shaft (or rotor)
rotates through a specific number of degrees for each input pulse. For example, with one
mnput pulse, the rotor may move an angle of 7°. After the pulse is applied, the rotor steps,
then waits for the next controtling pulse. The angle is repeated precisely with each following
pulse. All stepper motors work in this fashion.

The basic operation of a stepper motor is shown in Figure 9.

Figure 9

The stepper can be compared to a series of electromagnets arranged in'a circle. When swiich
1 is closed, the permanent maguet will align itself with electromagnet 1. If that switch is then
opened and switch 2 is closed, the permanent magnet will be aftracted to electromagnet 2. If

the correct switches are closed in the correct sequence, the permanent magnet will revolve in
a complete circle,
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There are two basic types of stepper motor -
o pennancnt—magnet
®  varjable-reluctance.

Only the operation of the permanent magnet stepper motor will be considered in this module,

The permanent magnet stepper operates on the reaction between an electromagnetic field and
permanent magnet rotor, in its simplest form, the permanent magnet unit consists of a
two-pole permanent magnet rotor revolving within a four-pole slotted stator, The basic
elements of the permanent magnet stepper are illustrated in figure 10.

b SW1 —s
V2 -

L

I+
7]

-

Vi

SW2

V.,
1

|

Figure 11

If the switches are operated in a set sequence the rotor can be.made to step in a particular
direction. Table 1 shows the switch sequences for the four step motor of figure 11.

Table 1
Clockwise Rotation | Rotor North | Anticlockwise Rotation | Rotor North
Switch 1 Switch 2 Position | switch 1 Switch 2 Position
Step 1 off B T  off B )
Step 2 B off =y A off &
‘Step3 | off A ) off | A l
Step 4 A - off | & B off —
Step 5 off” B T off B T

One significant difference between stepper motors and conventional d¢ motors is that the

stepper motor may hold a stationary position by keeping a stator coil energised. To hold a
conventional motor a brake must be applied.
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Applied Electromagnetism (6077H - NUEO45) - Sectiod 12 - DC Motor Starting & Specialist DC Machines

The rotor is actually cylindrical and toothed. The teeth concentrate the magnetic flux. If the
flux were evenly distributed, the motor would not have its characteristic and repeatable
steps. Figure 12 shows the constructional features of a practical permanent magnet motor.

SHAFT MOUNTED DN TWO

PRELUBRICATED, HIGR PRECISION-MACHINED'
DUALITY BALL BEARINGS. ] . CASE SEALS OUT

NO LUBRICATION REQUIRED - GROUND NON-MAGNETIC DUST AKD OTHER

FOR LIFE OF MOTOR STAINLESS STEEL SHAFT FOREIGN MATTER

ROTCH STATOR:

Figure 12

When assembled the motor takes the form of that shown in figure 13.

Figure 12

The rotor of the permanent magnet stepper motor must be large in order to produce enough
field strength to interact with the stator field. This large rotor construction gives the motor a
large inertia. The large inettia means that the motor will react slowly. This limits the motor’s
maximum stepping raie.

F igure 13 shows another variation to the construction of the permanent magnet stepper..

Aotor

Stator cup A

Cort A

Stator cup 8
Cutpul ShipFpm—"

Figure 13
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A low inertia stepper motor, shown in figure 14, has a rotor which is a thin disk which can
be magnetized with up to 100 individual tiny magnets, evenly spaced around the edge of the
disk and giving step angles down to 1.8°, or 200 steps per revolution. Converitional
permanent magnet stepper motors are generally limited to a minimum fall- step angle of 30
(with a 12 pole stator) or maximum of 12 full steps per revolution, The thin disk motors are
generally half the size and weigh 60% less.

/ Bonn it

FPhesa cojl
number 2
Awro sann
8 %)
7 5
N
Phase colt
numbar 1
Figure 14

The disk is supported on a non-magnetic hub, making up the rotor. The disk magnet is
polarized with alternating north and south poles as shown. A simple C- -shaped.
electromagnetic field pole forms one phase of the motor. A second, identical field pole,
offset by half a rotor pole, forms the second phase;

When one of the phases is energized, the rotor will align itself with the electromagnetic field
generated. Then, when the first phase is turned off and the second is turned on, the rotor will
turn by one-half of a rotor pole to align itself with the field from the second phase. To keep
the rotor turning in the same direction, the second phase is furned off and the first phase is
turned on again with opposite polarity.

Stepper motors are used in a wide variety of “pesitioning tasks™, for examplé -
® theread/write head on a computer disk drive
® {o position the joints of some lightweight robotic arms
¢ inX-Y 'plotters
® in X-Y positioning tables for heavy machinery.
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5. THE SERVO MOTOR.

Some industrial control systems are responsible for the positioning of objects. Examples
include the positioning of -

® therolis in a steel rolling mill
¢ valves

® mechanical mechanisrg

® remote positioning devices:

The control system that is used for this type of control is called a “servomechanism”, or
“servo system” for short.

A servomechanism is a closed-loop system that moves or changes the position of the
controlled object so that it will follow or coincide with the position of a control device. A
Servo system requires motors to. cause mechanical movement, Such motots are known as
“servo motors™ and all have high response speed. The servomotor is a specially designed
permanent-magnet or shunt wound de miotor.

Of the two dc servomotors, the permanent-magnet motor is the more popular. It is able to
provide -

® atwo-wire connection that simplifies installation connection

® exceptionally high torques for frequent starts and stops

® between 10-15% more efficiency than other types of motors.

Figure 15 shows one type of permanent magnet servo.motor, kitown as the “printed circuit
motor”,

Magnetic fiix
~ (retum ring

The field structure is an 8-pole permanent
‘magnet with the magrietic circuit
completed through a flux return plate,
which also provides the additional
function of supporting the brushes. The
armature contains no iron,_ and armature
conductors are produced using printed
circuit board techniques. Brushes bear
directly on the armature conductors.
Because of its overall construction the
printed circuit motor has a very low inertia
and as aresult a very fast résponse time.

Pemanent magnet poles -
End shield

i,

1,
{7y

Brushes

. Printed circuit
armaiure disc

'Figure 15
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Name: Practical 11
PURPOSE:
This practical assignment will be used to examine the locked armature characteristics of a

shunt motor and the determination of starting resistance to limit starting current to a
prescribed value,

TO ACHIEVE THE PURPOSE OF THIS SECTION:

At the end of this practical assignment the student will be able to:

&

Corinect shunt motor,
Carry out a locked armature test,

Determine the value of added resistance required to limit armature startmg ‘current to a
specified value.

EQUIPMENT:

D.I:I COooonoog

1 x dual variable dc power supply (0-6A output)
1 x Betts dc compound machine

1% Betts eddy current load

1 x Betts double machine bed

1 x digital multimeter

2 x 0-5A analogue dc ammeter
1 x TES 3020 ac/de clamp meter

3 x 6.8Q2, 10W resistors in parallel on a single mounting block with s/b terminals
4mm connecting leads

- REMEMBER -

- WORK SAFELY AT ALL TIMES -

observe correct isolation procedures
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PROCEDURE 1: ARMATURE RESISTANCE
1. Using a digital multimeter measure the resistance of the armature of the de motor.

Armature resistance = ohms

PROCEDURE 2: LOCKED ARMATURE TEST

L. Connect the shunt motor, with eddy current load attached, as shown in figure 1.
Ensure the eddy current load is “locked” to prevent rotation,

0-54 dc 0-5A dc
Ve El \ & +
. = + il
Stune 3 (7 N o L ()
) Sipply Field e sioy () multimeter
' ( Eddy Cutrent
—o— Load
E2 =<
Locked to .
prevent rolation
Figure 1

2. Ensure both power supplies are adjusted for minimum output.

3. Switch on.and slowly adjust the power supply for a shunt field voltage of 24V. Measure
and record the field current in table 1.

4. Adjust the armature voltage to 8V.

5. Measure and tecord, in table 1, the armature current and torque developed.

~ Table 1
Armature Voltage =8V Armature Voltage =24V
e Field | Armature | Torque Field |Armature| Torque
Cutrent | Current |Developed| | Current | Current Developed
amperes | amperes Nm amperes | amperes Nm

6. From your measured results, calculate the expected values of field current, armature
current and torque for armature and field voltages of 24V. Record your answers in the
appropriate columns of table 1.

Armature current = % xly =
Torque = AxT =

g

Field current =
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7. Do not proceed until the teacher checks your results and completes the progress table.

Progress Table 1 _
attempt 1 | attempt 2 | attempt 3
A B ¢

PROCEDURE 3: DETERMINATION OF STARTING RESISTANCE

1.

Determine the value of startmg resistance required to limit the armature starting current. to
SA. Assume the armature is to be supplied at the normal rated voltage of 24V and use
your measured value of armature resistance from procedure 1.

v =
RST"'I_T'RA -

Turn on the power supply and pre-set both the field and armature supplies to 24V.

Turn the power supply off.

Connect the miotor and starting resistance as shown in figure 2.
Note: The eddy current load is o be uncoupled from the motor, so that the motor is free

fo rotate.
El Rgr Clamp meter 200A de
+O
- Shurit
24V de e
- E2

Figure 3

pushbutton.

motor.

Starting current =

- Set the clamp ammeter to the 200A dc range, zero and then press the peak hold

- Turn on the power supply, then measure and record the starting current taken by the

amperes

Do not proceed until the teacher chiecks your results and completes-the progress table.

Progress Table 2

attempt 1

attempt 2

attempt 3

A

B

C
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8. Adjust the armature supply for minimum output, then do the same with the field supply.

9. Tumn the power supply off then disconnect the circuit.

10. Please return all equipment to its proper place, safely and carefully.

OBSERVATIONS:

1. Was the armature starting current of the motor close to the nominated value of 5A?

2. 'What do the results obtained indicate about_ the method used for the determination of
‘starting resistance?

3. What effect does the limitation of statting current have on motor starting torgue?

i 4: Tf a higher value starting resistance were used in conjunction with the motor tested, what

‘would be the effect on armature starting current and starting torque?

5. What effect did the starting resistance have on the current taken by the shunt field?

ok e dokook sk ok o o ok ok
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Tutorial 13

Please note the following requirements-in refation to tutorial work -

® All tutorial work is to be completed on ruled A4 pad paper, with multiple pages stapled
together. Write on one side only of the answer sheets, and all work is to be completed in
ink.

® In the case of multiple choice type questions, the question number and corresponding
answer letter are to be written on the answer sheet.

® In the case of short answer type questions, the question and part number with your word or
phrase choice is to be written on the answer sheet.

® All relevant equations and working are to be shown in the case of calculation type
questions.

SECTION A

In the following statements one of the suggested answers is best. Place the identifying letter of
your choice on your answer sheet,

1. A 15 used to limit starting current to approximately of full load current.
(a) tacho-generator, 500%

(b} stepper motor, 150%

(c) motor starter, 150%

(d) motor starter, 500%

2. At theinstant of starting, armature current is limited by:
(2) back emf and anmature circuit resistance:
(b) armature circuit resistance only.
(c) back emf only.
(d) shunt field resistance.

3. A stepper motot converts pulses into precise
(a8) mechanical, electrical
(b) electrical, electrical
(¢) electrical, mechanical
{(d) mechanical, mechanical

movements.

4. The DC machine used to measure the speed of rotating machines is a/an:
(a) permanentmagnet tacho-generator.
(b) low inertia stepper motot.
(¢) shunt limited series generator.
(d) differentially compounded motor.
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