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D.C. GENERATORS
§ Introduction §
: An electrical generator is a machine which converts mechanical energy (or power) :
: into electrical energy (or power). The energy conversion is based on the principle of the %
& production of dynamically (or motionally) induced e.m.f. s
: Whenever a conductor cuts magnetic flux, dynamically induced e.m.f. is produced in :

& it according to Faraday’s Laws of Electromagnetic Induction. This e.m.f. causes a current to

% flow if the conductor circuit is closed. Hence, two basic essential parts of an electrical
% generator are: %
% (i) A magnetic field ¥
3 (if) A conductor or conductors which can so move as to cut the flux. 3
¢ 1. Determination of Flux Direction R
8 When a conductor carries a current, it creates a magnetic field around it. The direction :

« of such magnetic field depends on the direction of the current passing through the ¢
% conductor. So electric current and magnetism are very closely related to each other. This §

% relationship plays an important role in the d.c. machines. kS
& 1.1 Determination of Flux Direction in a Current Carrying Conductor K
:2: H - . H 1] :2:
8 It can be determined using Right Hand Thumb Rule Which states that "Hold the current B

¢ carrying conductor in the right hand

% such that the thumb is pointing in the Thumb — Cument] &
$ . - ¥
& direction of current and parallel to the Curled fingers —e Flux K3
(3 . . e
5 conductor, then curled fingers point &
§ in the direction of the magnetic field §
& or flux around it", Figure (1) explains S
% the rule. Figure (1) %
& &

* Assume that the conductor to be placed perpendicular to the plane of the paper. So current
¢ moving away from the observer (inwards the paper) is denoted by a 'cross' while current

& coming towards the observer (outwards the paper) is denoted by a 'dot'. K3
% Figure (2) shows the directions of flux for both cases when applying the Right Hand Thumb %
S S
& Rule. K
(- (-
(- (-
Eg Flux Flux Eg
S 3
& Condu Conducto %
3 (@) Current moving inwards the paper (b) Current moving outwards the paper 3
% Figure (2) %
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$ 1.2 Determination of Flux Direction in a Circular Conductor S
% It can be determined using Right Hand Thumb Rule which states that " hold the circular
% conductor in the right hand where the curled fingers
s point in the direction of the current through the circular
& conductor, then the thumb points to the north pole (N)
¢ (where the flux lines outs from the circular conductor

& core) & the second side of the circular conductor core 8
& represent the south pole(S) (where the flux lines enters s
% the circular conductor core), this is shown in Figure (3). %
: Figure (3): Directions of Flux :
& around Circular Conductor %
s ( R
¢ | Notes:- S
: e The lines of flux always outs from the North-Pole (N). :
< e The lines of flux always enters the South-Pole (S). ) &
£ ~N %
: Notes:- The direction of flux can be reversed either by changing direction of current :
& | through the conductor by reversing the polarities of the supply or by changing the | %
% | direction of winding of the conductors around the core. %
% 2. Simple Loop Generator %
& Construction s
s Figure (4) is shown a single-turn rectangular copper coil rotating about its own axis in

¢ a magnetic field provided by either permanent magnet or electromagnets. The two ends of §
& the coil are joined to two slip-rings which are insulated from each other and from the §
& central shaft. §
K3 Two collecting brushes (of carbon or copper) press against the slip-rings. Their function §
% is to collect the current induced in the coil and to convey it to the external load resistance

K ®
ot - - Pat
¢ R. The rotating coil may be called ‘armature” and the magnets as ‘field magnets’. &
::: Magnetic Field :::
K3 K3
K3 K3
K3 K3
;:: Pole ;::
8! Slip Rin a
o T
a rmature o
$ A §
kS kS
[:: Brushs :::
ks R kS
3 Figure (4): Simple Loop Generator 8
(3 03
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§ 3. Basic Generator Operation ¥
s Generator at Initial Position kS
: An armature rotates through the magnetic field. At an initial position of zero degrees ( z4e :

& angle between the line perpendiculat to the coil plane and the line of flux), the armature &
& conductors are moving parallel to the magnetic field and not cutting through any magnetic

¢ lines of flux. No voltage is induced. 8
& = k3
:i: i - 1t1 141 = :i:
K Figure (5): Generator at Initial Position (6 = 0) $
& Generator Operation from Zero to 90 Degrees %
& The armature rotates from zero to 90 degrees. The conductors cut through more and more :
. lines of flux, building up to a maximum induced voltage in the positive direction. .
::: Degrees :ﬁ:
& &
& &
& &
& &
& &
& &
& &
& &
& &
& &
& &
& &
& &
% Figure (6): Generator at (6 = 90) S
& &
¢ Generator Operation from 90 to 180 Degrees 8
&  The armature continues to rotate from 90 to 180 degrees, cutting less lines of flux. The &
; induced voltage decreases from a maximum positive value to zero. ;
K 180 K
::: Degrees :::
(- (-
(- (-
(- - (-
(- (-
(- (-
(- (-
(- (-
(- (-
(- (-
(] (-
& (]
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§ Figure (7): Generator at (6 = 180) &
S "
& A sy
& 7 &
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% Generator Operation from 180 to 270 Degrees
% The armature continues to rotate from 180 degrees to 270 degrees. The conductors cut
% more and more lines of flux, but in the opposite direction. voltage is induced in the

XXX XXX XXX XX

: negative direction building up to a maximum at 270 degrees. :
LS . 270 3
:ﬁ: ' Degrees :ﬁ:
§ Figure (8): Generator at (0 = 270) §
¢ Generator Operation from 270 to 360 Degrees 3
: The armature continues to rotate from 270 to 360 degrees. Induced voltage decreases from :

& a maximum negative value to zero. This completes one cycle. The armature will continue
Pat H H :.:
% to rotate at a constant speed. The cycle will continuously repeat as long as the armature %

'8! <
% rotates. &
& b
K al
Ry [
& : &
e 360 . &
ot . )
b Degrees . K
rat . K
* )
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s &
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Pat I
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< Figure (9): Generator at (6 = 360) kS
& '8!
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% Therefore, we find that the current which we obtain from such a simple generator reverses %
% its direction after every half revolution also changes its magnitude periodically. Such a
& current is known as alternating current (ac). The two half-cycles may be called positive
% and negative half-cycles respectively .

& For making the flow of current unidirectional in the external circuit, the slip-rings are
¢ replaced by split-rings (commutator) (Figure (10)). The split-rings are made out of a
¢ conducting cylinder which is cut into two halves or segments insulated from each other by

STOTOTOTOTOTOTOLO

¢ a thin sheet of mica or some other insulating material (Figure (11)). s
& 3
& .
b &
b &
b &
b &
b &
b &
& (3
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¢ Figure (12) Figure (13) S
>‘< - - - - - - >;<
o Due to the rectifying action of the split-rings (commutator), the alternating current
ol <

¢ induced in the coils becomes unidirectional in the external circuitonly. Hence, it should be 3

§ clearly understood that the induced voltage in the armature of a d.c. generator, is :
¢ alternating. 8
& &
% A B G %
& A ! &
X I | X
S J s (S
:’: c:-ll = ONE RE“FOI.UTI’DN :’:
) : (X
3 | | 3
K e 5 &
& 2 g (-
&% 2 = 6
& 6
= I 0
& ! — 1 REVELUTION E— K3
= ’ &
= &
§ (@) A.C. generation _ (b) D.C. generation §
R Figure (14) R
& 6
& 6
¢ | Notes:- The number of voltage waves can be increased either by increasing the number o
§ of poles or by increasing the number of armature coils. «
& VA 3
<=
k3 Gy 3
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S 4. Determining the Direction of Induced Electromotive Force (e.m.f) ¥
K3 T . - - %
% The direction of induced e.m.f. can be %
: determined using Fleming's Right Hand Rule :
% which states that ' outstretched the first three ¥
¢ fingers so that every one of them is at right 8
& angles with the remaining two fingers. If the <
% first finger (or thumb) refer to the direction of R
: motion, second finger refer to the direction of ; :
¢ flux so the third finger will refer to the ¥
& direction of e.m.f. as shown in Figure (15). Figure (15): Fleming's Right Hand Rule :
% This rule mainly gives direction of current which induced e.m.f. in conductor will setup R
: when closed path is provided to it. :
% Verify the direction of the current through the conductor in the four cases shown in the <
% Figure (16) by using Fleming's Right Hand Rule. %
$ Relative motion Relative motion 8
& of conductas- of conductor &
& &
% (a) Current coming out (b) Current going In %
& &
& &
& &
« Relative motion Relative motion &
% of conductor of conductor %
§ (c) Current going in (d) Current coming out §
§ Figure (16): Fleming's Right Hand Rule §
= 0
' b
8 KNotes:- ) §
§ e If the direction of motion is reversed keeping flux direction same then the §
o direction of induced e.m.f. and hence the direction of current is reversed. &
o o if flux direction is reversed keeping direction of motion same then the direction §
§ of induced e.m.f. and hence the direction of current is reversed. §
AN N
& o
%
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5. Construction of Practical ©.C. Machine %
¢ It consists of the following essential parts : 8
% 1) Magnetic Frame or Yoke &
$ 2) Pole-Cores and Pole-Shoes 8
% 3) Pole Coils or Field Coils %
& 4) Armature Core %
: 5) Armature Windings or Conductors :
¥ 6) Commutator ¥
5 7) Brushes and Bearings S
¢ 1-Yoke %
& The outer frame or yoke serves double purpose: $
o (i) It provides mechanical support for the poles and acts as a protecting cover for the %
$ whole machine. s
: (i) It carries the magnetic flux produced by the poles. 8
:g: Laminated :31
% 2-Pole Cores and Pole Shoes =  PoleCore —
: The field magnets consist of pole cores and pole shoes. The P & ' :
& pole shoes serve two purposes Holos 1 &
$ (i)  They spread out the flux in the air gap and also, %
3 being of larger cross-section, reduce the reluctance :
s of the magnetic path ; - 3
§ (ii)  They support the exciting coils (or field coils). o §
§ Figure (17): Pole Core 8
% 3-Pole Coils or Field Coils o
¢ The field coils or pole coils, which consist of copper wire or strip. When current is passed
3 . . . s
5 through these coils, they electromagnetise the poles which produce the necessary flux that 5
% IS cut by revolving armature conductors. %
¢ ( Note:- Field winding is divided into various coils R &
§ called field coils which connected in series with §
§ each other and wound in such a direction around §
s pole cores, such that attains alternate (N) and (S) s
K3 . . .- Ky
; polarities of poles (Figure (18)). Poles polarities §
; can be determined using Right Hand Thumb Ruleas | . §
% | illustrated in section (1.2). %
$ Figure (18): 4-pole d.c. machine
& o
3 vAg &
(V)=
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g 4-Armature Core g
¥ It houses the armature conductors or coils and causes them to rotate and hence cut the %

& magnetic flux of the field magnets. In addition to this, its most important function is to ¥
¢ provide a path of very low reluctance to the flux through the armature from a N-pole to a

% S-pole.
* It is cylindrical or drum-shaped and is built up of usually circular sheet steel discs or

% laminations approximately 0.5 mm thick. The purpose of using laminations is to reduce %
% the loss due to eddy currents. Thinner the laminations, greater is the resistance offered to

¢ the induced e.m.f.,, smaller the current and hence lesser the (I?R) loss in the core. s
s S-Armature Windings %
: The conductors of armature windings are placed in the armature slots which are insulated. :
& 6-Commutator &

& It rectified (converts) the alternating current induced in the armature conductors into ¥
< unidirectional current in the external load circuit. It is of cylindrical shape consists of
% segments of high-conductivity material (usually copper). These segments are insulated %
< from each other by thin layers of mica. The number of segments is equal to the number of ¢

% armature coils. Each commutator segment is connected to the armature conductor by
§ means of a copper lug or strip (or riser). :
¢ 7-Brushes and Bearings %

& The brushes whose function is to collect current from commutator, are usually made of %
% carbon or graphite and are in the shape of a rectangular block. These brushes are housed in %

§ brush-holders usually of the box-type variety. §
% The ball-bearings are generally packed in hard oil for quieter operation and for reduced %
« friction. o
§ Armature Armature Core '§
$ Windings %

P“
& C e ;
::: commutator rmature e

NG s Slot

s i N R - - &
<] 7 2 ’ s -
0 Armature

% Bearings %
S kS
kS kS
% Figure (19): Armature of D.C. Machine %
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Figure (20): Armature of D.C. Machine
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Figure (21): Yoke of D.C. Machine
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% 6. Important Terms Related to Armature Winding ;- 5
: 1-Conductors(Z) :- it is the length of wire that lying in the magnetic field ,for example :
¥ length AB or CD . ¥
& 2-Coil :- the two conductors AB & CD along with their end connections constitute one
: coil of the armature winding . The coil may be single -turn ( which have two :
3 conductors ) or multi-turn ( which have many conductors per coil sides ) . :
: Z= 2x Number of turns :
& 3-Winding element :- The group of wires or conductors constituting a coil side of a %
: multi-turn coil is wrapped with a tape as a unit (Figure (22)) and is placed in the :
< armature slot. The side of a coil (1-turn or multi turn) is called a winding element. %
% Obviously, the number of winding elements is twice the number of coils. %
E:E Conductors 1 Eg
% C.oil %
s: Side s:
::1 (a) Single Turn Coil (b) Double Turn Coil (¢) Multi Turn Coil I:}
S g (>
o Figure (22) ¥
§ 4-Pole-pitch =- it is equal to the number of armature conductors ( or armature slots) per
$ pole ,or it is the distance between two adjacent poles . $
S S
8 5-Coil-span or Coil-pitch (Ys):- it is the distance measured in terms of armature slots ( 8
§ or armature conductors ) between two sides of a coil . §
' b
& 6- Full-pitch :- if the coil pitch is equal to the pole pitch ,then winding is called full- %
s pitch .it means that coil span is 180 electrical degrees .in this case the coil sides lies §
8 under opposite poles , hence the induced e.m.fs in them are additive . Therefore %
§ maximum e.m.f is induced in the coil . E
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% 7-Fractional-pitch :- if the coil pitch is less than the pole-pitch then the winding is %

3 called fractional-pitch .In this case there is a phase difference between the e.m.fs in the
: two sides of the coil .Hence the total e.m.f around the coils less than fractional-pitch :
: because it is the vector sum of e.m.fs in the two coil sides which is less than of :
& arithmetic sum (full-pitch). s
: 8-Back -pitch (Yg):- it is the distance in terms of armature conductors between the :
: beginning of a coil & the end of the same coil . :
: 9-Front-pitch (Ye) - it is the distance in terms of armature conductors between the end :
< of a coil & the beginning of the next coil to which it is connected . ¥
% 10- Resultant-pitch (Yr) :- it is the distance in terms of armature conductors between
: the beginning of one coil & the beginning of the next coil to which it is connected . :
: 11-Commutator-pitch (Yg):- it is the distance ( measured in commutator bars or :
& segments ) between the segments to which the two ends of a coil are connected . &

:.:: YR . :.::
T T O O S N O L ] I
Eg | Ya | |<?:’| Eg
% . > . G ] . Y
: Wave Winding Lap Winding §
3 . (3
« Figure (23) 5
& 12-Single-layer Winding (Simplex Winding) :- it is that winding in which one s
§ conductor or one coil side is placed in each armature slot , such winding is not §
" "
3 mach used . &
* - - : . *
& 13-Two-layer Winding (Duplex Winding) :- In this S BT, 8
§ type of winding, there are two conductors or coil sides per @) & ) §
§ slot arranged in two layers. Sometimes 4 or 6 or 8 coil sides - §
% are used in each slot in several layers because it is not L K
§ practicable to have too many slots (Figure (24)). The coil 3 sl 7 §
% sides lying at the upper half of the slots are numbered odd Ny (818 _zg;,éf?:.. 8
3 I.e. 1, 3, 5, 7 etc. while those at the lower half are numbered N . &
3 even i.e. 2, 4, 6, 8 etc.If there is more than two layers are N o §
; placed in each slot of armature conductors ,then it is called §
; Multiplex Winding . Figure (24) §
& (3
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% 14-Dummy or Idle Coils:- These are used with wave-winding when the armature
% having some slots without windings would be out of mechanical balance, so these coils
kS provide mechanical balance for the armature. These dummy coils do not influence the %

&
6
&
*
3
Electronic Department Year (2013-2014) Asst., Lecturer : Wisam N. AL-Obaidi I§1
&
&
&

¢ electrical characteristics of the winding because they are not connected to the &
«  commutator. ¥
s 7. Types of Armature Winding S
: There are two basic types of arrature winding connections, fap windings and wave
3 windings. In addition, there is a third type of winding, called a frog-leg winding (or self %
S equalizing winding), which combines lap and wave windings on armature. ¥
% N : Coil %
% | | %
% | | %
s N N N L'BP :‘:
::: \/ C tator mﬂly/\ &
al ommuld al
:i: ‘ §‘ I | | | li \ Wave windings / :S
S (@)lap-winding (b)wave winding (c) frog-leg winding 3
$ Figure (25) 8
& &
(3 (3
Tabl
& able (1) &
3 (3
& | NO. Lap Winding Wave Winding Frog-Leg Winding o
§ 1 | Number of parallel path, A=P | Number of parallel path, A=2 | Number of parallel path, A=2P ,§
% (for simplex) (for simplex) (for simplex-lap) %
§ Where, §
& P:- number of poles o
S 2 | Number of parallel path, Number of parallel path, A=2m | Number of parallel path, S
& P p P p p p '«
o A=mP (for multiplex) (for multiplex) A=2Pmisp (for multiplex-lap) | ¥
o Where, Where, Where, &
% P:- number of poles m:- number of multiplicity Miap:- Number of multiplicity %
o m:- number of multiplicity of lap winding o
E§ 3 | Number of brush sets required | Number of brush sets required H.W E§
E: is equal to number of poles. is always equal to two. E:
* referable for high current, referable for high voltage, referable for medium voltage | &
& | 4 | Preferable for high t Preferable for high voltag Preferable f d ltage |
% low voltage generator low current generator and current generator %
& &
& &
& &
3 SAg i
X%
K3 O A &
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%motes:— \ &
< | If the end of a coil (or a set number of coils, for wave construction) is connected to a|
% | commutator segment ahead of the one its beginning is connected to, the winding is called a| %
¢ | progressive winding (Figure (26-a)). If the end of a coil is connected to a commutator|
% | behind the one its beginning is connected to, the winding is called a retrogressive|
& | winding(Figure (26-b)). If everything else is identical, the direction of rotation of a| %
s | progressive-wound rotor will be opposite to the direction of rotation of a retrogressive-| %

K Wund rotor. / %

a! al
gt gt
& [ ¢ | ¢ | a1 ] [ ¢ | ¢ | ca ] &
* (2) (b) &
" kS
}’{ - . - - - - }.{
kS Figure (26): Progressive and retrogressive winding
& &
D £
" k3
k3 "
3 k3
& &
o o
% . %
& 8. Uses of Lap and Wave Windings: 3
gt L = r4

% The advantage of the wave winding is that, for a given number of poles and armature i
% conductors, it gives more e.m.f. than the lap winding. Conversely, for the same e.m.f., lap
% winding would require large number of conductors which will result in higher winding %
% cost and less efficient utilization of space in the armature slots. Hence, wave winding is %
s suitable for small generators especially those meant for 500-600 V circuits. (S
¢ Another advantage is that in wave winding, equalizing connections are not necessary
& whereas in a lap winding they definitely are. It is so because each of the two paths contains
& conductors lying under all the poles whereas in lap-wound armatures, each of the P %
¢ parallel paths contains conductors which lie under one pair of poles. Any inequality of %
& pole fluxes affects two paths equally, hence their induced e.m.fs. are equal. In lap-wound %
% armatures, unequal voltages are produced which set up a circulating current that produces %
% sparking at brushes. However, when large currents are required, it is necessary to use lap %
% winding, because it gives more parallel paths. Hence, lap winding is suitable for
% comparatively low-voltage but high-current generators whereas wave-winding is used for %

ot - - Pat
% high-vol I h 3
% high-voltage, low-current machines. %
& (]
& (]
& (-
& (-
& (-
& (-
e N e
<=
k3 Gy 3
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& 9. Types of Generators: - Generators are usually classified according to the way in which §

& their fields are excited. Generators may be divided into &
: (a) Permanent magnet generators. :
: (b) Electromagnet generators :
¥ (i) Separately-excited generators. R
& (ii) Self-excited generators. &
:g: DC Generators :31
3 permanent-magnet Electromagnet .
% Self-excited field Separately-excited field :%1
:g Y ¥ :g
S Series- Wound Shunt- Wound Compound -Wound Igl
Eg Long- Shunt Short- Shunt Eg
E:S Cumulative Differential §
$ Figure (27): Types of d.c. Generators K
¢ (a) permanent-magnet field o
¢ permanent-magnet DC machines are widely found in a wide variety of low-power
§ applications. The field winding is replaced by a permanent magnet, resulting in simpler §
§ construction. Chief among these is that they do not require external excitation and its $
& associated power dissipation to create &
$ magnetic fields in the machine the space C S §
% required for the permanent magnets may — §
§ be less than that required for the field S §
& winding, and thus machine may be Pz R
kS . < 7 —7 Commutator %
$ smaller, and in some cases cheaper, than Brush &
§ their externally excited counter parts. yoon §
§ Figure (28): permanent magnet D.C. generator §
S Ao (S
S "
* S (o &
b k3
2 8
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% (b) Separately-excited generators: are those whose field magnets are energised from an

% independent external source of d.c. current. It is shown in Figure (29). %

g la= 1L &

% Eg =V + laRa + Vbrushes on (3

& Where, — § $

& |, : armature current. & - ¥
W

I : load current.
Eq : generated voltage.

O
i
OO

% V :terminal voltage ¥
: Ra. : armature winding resistance. Figure (29): Schematic Diagram of :
% Vprushes : total brush contact drop Separately excited generators ¥
¢ (c) Self-excited generators: are those whose field magnets are energised by the current g

% produced by the generators themselves. Due to residual magnetism, there is always present :
% some flux in the poles. When the armature is rotated, some e.m.f. and hence some induced ¥
$ current is produced which is partly or fully passed through the field coils thereby

& strengthening the residual pole flux. :
§ There are three types of self-excited generators named according to the manner in which %
§ their field coils (or windings) are connected to the armature. &
% (i) Shunt wound K3
K3 . . . . . K3
%  The field windings are connected across or in parallel with the armature conductors and
& . . &
§ have the full voltage of the generator applied across them (Figure (30)). §
3 3
Eé Ia - ||_ + Ish __-"-F'E'h " .{_ o3 - Eé
v JE L = §
8 lsh = =—— = g K
Ig Eg =V + laRa + Vbrushes :i:
& Figure (30): Schematic Diagram of ¢
' "
¢ Where : Shunt Wound generators 8
" '
& lsn 2 shunt field winding current. &
% Rsn : shunt field winding resistance. %
S "
o A .
& 6
& p Oy &

Ay2
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: (i1) Series Wound: In this case, the field windings are joined in series with the armature :

< conductors (Figure (31)). As they carry full load current, they consist of relatively few
% turns of thick wire or strips. Such generators are rarely used except for special purposes

kS I.e. as boosters etc. i K3
& fa ~oomr—— &
Eg le=lee =1L Series Eg
% == ‘ Field yI %
& i = &
% Eg =V + lRa + [aRse + Vibrusnes I_-' T‘g %
¥ =V + 13(Ra +Rse)* Vbrushes A A = %
& T K
%  Where : B 3
: I : series field winding current. Figure (31): Schematic Diagram of :
: Rs : series field winding resistance. Series Wound Generators :
¢ (iii) Compound Wound %

kS It is a combination of a few series and a few shunt windings and can be either short- %
S shunt or long-shunt as shown in Figure (32-a) & Figure (32-b) respectively. In a %
% compound generator, the shunt field is stronger than the series field. When series field §
S aids the shunt field, generator is said to be cumulatively-compounded. On the other hand  §

gt gt
(2 (D
Pat at
D - - - - - - - - £
gt gt
% if series field opposes the shunt field, the generator is said to be differentially %
(2 (D
Pat at
K3 (3
* compounded. %
at gt
at gt
% For short shunt: For long shunt: %
(2 (D
at at
& IL=1 L=1 &
b L— lse a— lIse b3
(3 (3
" *
(3 *
" *
(3 (3
" — — *
& la =1L+ s a= I+ I &
<] at
(3 *
" *
(3 *
at at
(2 (2
Iy = ——= Iy = —
'« R R *
(3 sh sh kS
kS kS
« *
* *
(3 '«
(3 (3
(3 *
(3 (3
hat hat
() —_ —_ (2
& Eg =V + laRa + ILRse + Vprushes Eg =V + laRa + [aRse + Vbrushes &
A\ A\
hat hat
() (2
hat — hat
;;; =V + la(Ra +Rse)*+ Vorushes ;§;
A\ A\
(3 *
'« (3
'« (3
(3 (3
'« (3
'« (3
(3 (3
* (3
* (3
at hat
& A (-
& A (0
X%
at hat
k3 Gy 3
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Series Field

Shunt Field
S
Load
Shunt Field
00
+
S
Load

K N
§ _

:g

/ [

:g - - = =]

3 (a)Short-Shunt Compound Generator (b) Long-Shunt Compound Generator

3 Figure (32): Compound wound d.c. Generator k3
. Series Winding Series Winding .
—e—
— VO,
¢ - ————f3Shunt Winding
D
3 "
k3 3
:’: - - - :’:
: (a) Cumulative pole (b)Differentially pole :
§ Figure (33): compound generator South poles §
3 3
s 10. Brush Contact Drop §
§ It is the voltage drop over the brush contact resistance when current passes from §
§ commutator segments to brushes and finally to the external load. Its value depends on the §
& amount of current and the value of contact resistance. This drop is usually small and
&« includes brushes of both polarities. However, in practice, the brush contact drop is
& assumed to have following constant values for all loads. o
o 0.5 V for metal-graphite brushes. o
& 2.0 V for carbon brushes. «
§ SAg Es
%
(s A %
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% | Examplel: A shunt generator delivers 450 A at 230 V and the resistance of the shunt field | %

% and armature are 50 QQ and 0.03 Q respectively. Calculate the generated e.m.f. %
Eg Solution: Iﬂr; . 1=450 A Eg
¢ Current through shunt field winding is L 8
: Ish = 230/50 = 4.6 A, Load current | = 450 A o L :
§ -~ Armature current |, = 1 + lg, = 450 + 4.6 = 454.6 A S S A I [
% Armature voltage drop (I:Ra)= 454.6 x 0.03 = 13.6 V L ol §
% [Eg = terminal voltage + armature drop =V + IR, - s
: -~ e.m.f. generated in armature, Eq = 230 + 13.6 = 243.6 VV Figure (34) :
% Note: If there is no information about brush contact drop (Vprsh), then we neglect it. s

« | Example 2: A long-shunt compound generator delivers a load current of 50 A at 500 V |
% | and has armature, series field and shunt field resistances of 0.05 Q, 0.03 Q and 250 Q | %

' respectively. Calculate the generated voltage and the armature current. Allow 1 V per 0
% | brush for contact drop. 8
# Solution: Iy = 2 s &
I§1 |sh =500/250=2 A - 0.03 Q - | é:
§ Current through armature and series winding is %lu { §
3 =50+2=52A o ke =] 8
3 . . T = 500 V S b
% Voltage drop on series field winding e é 0.05Q - %
§ =52x0.03=156V | l
& Armature voltage drop 3
$ 1.Ra=52x0.05=26V Figure (35) &
§ Note: If there is no information about the number of brushes or the type of winding in the §
§ question, then we assume that the number of brushes are two (means wave winding). §
¢ Drop at brushes =2x1=2V §
Now, Eq = V + I,R, + series drop + brush drop =500 + 2.6 + 1.56 + 2 = 506.16 \V

¢ | Example 3: A short-shunt compound generator delivers a load current of 30 A at 220 V, | %
% | and has armature, series-field and shunt-field resistances of 0.05 Q, 0.30 Q and 200 Q | &
% | respectively. Calculate the induced e.m.f. and the armature current. Allow 1.0 V per brush | %

& | for contact drop. &
% Solution: 2 §
% Voltage drop in series winding = 30 x 0.3=9 V Sos §
¢ Voltage across shunt winding = 220 + 9 = 229 V ;
i 15, =229/200 = 1.145 A "= 3 | 20v
f 1,=30+1145=31.145A
% 1,R.=31.145%0.05 = 1.56 V g2 (oos )
§ Brushdrop=2x1=2V j 4 §
% Eg =V +series drop + brush drop + I.R, - = &
§  =209+9+2+156=24156V Figure (36)

e Ay e
X%
at rat
(3 L7 ()
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s | Example 4: In a long-shunt compound generator, the terminal voltage is 230 V when |
¢ | generator delivers 150 A. Determine (i) induced e.m.f. (ii) total power generated and (iii) |
¢ | distribution of this power. Given that shunt field, series field, divertor and armature |

$ | resistance are 92 Q, 0.015 Q, 0.03 Q and 0.032 Q respectively. R
% Solution: B %
£ 1,=230/92=25A e 1M
§ 1,=150+25=1525A ]g = Soose ‘
& Note: Diverter is a resistance connected in parallel with S 5 s
% series field winding. gé .
& Since series field resistance and diverter resistances are | = | %
: in parallel their combined resistance is ‘ 0.032 Q \ :
i 0.03x 0015 _ '\ ;
& 0.03+0.015 &
. Total armature circuit resistance is = 0.032 + 0.01 = 0.042 Q Figure (37) .
¢ Voltage drop = 152.5% 0.042 = 6.4 VV
% (i) Voltage generated by armature, Eq = 230 + 6.4 = 236.4 V/ 4
: (i) Total power generated in armature, Egl, = 236.4x152.5 = 36,051 W :
§ (iii) Power lost in armature, I.R, = (152.5)% x 0.032 = 744 W §
% Power lost in series field and divertor = (152.5)* x 0.01 =232 W %
% Power dissipated in shunt winding = VI, = 230x2.5 = 575 W 5
& Power delivered to load = 230x150 = 34500 W
§ Total = 744+232+575+34500 = 36,051 W.

% | Example 5: The following information is given for a 300-kW, 600-V, long-shunt | &
% | compound generator : Shunt field resistance = 75 Q, armature resistance including brush |
¢ | resistance = 0.03 Q, commutating field winding resistance = 0.011 Q, series field | ¥
¢ | resistance = 0.012 Q, divertor resistance = 0.036 Q. When the machine is delivering full |

% | load, calculate the voltage and power generated by the armature. K
§ Solution: §
&  Power output = 300,000 W o\ o &
¢ Output current = 300,000/600 = 500 A -~ - . s
Eii Ish =600/75=8 A o ,\ tL}_()]ESJ. E§
§ 1,=500+8=508A s = 3 !
& Since the series field resistance and divertor al= 5 00 &
$ resistance are in parallel their combined resistance ~ ©(= 500110 &
% 0.012x0.036 | et &
§ is= =0.009 Q &
* 0.012+0.036 003 &
; Total armature circuit resistance N ! §
; =0.03+0.011 +0.009=0.05Q - = §
¢ Voltage drop = 508x0.05 = 25.4 V Figure (38) §
; Voltage generated by armature = 600 + 25.4 = 625.4 V §
§ Power generated = 625.4x508 = 317,700 = 317.7 kW §
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11. Generated EM.F. or EM.F. Equation of a Generator &
Let &
® = flux/pole in weber S
Z = total number of armature conductors = No. of slots x No. of conductors/slot *
P = No. of generator poles S
A = No. of parallel paths in armature &
N = armature rotation in revolutions per minute (r.p.m.) bS
E, = e.m.f. induced in any parallel path in armature

do kS
Average e.m.f. generated/conductor = —  volt, (n=1) ..(1) &
Where (n) is number of armature turns.

Now, flux cut/conductor in one revolution d® = ®P Wb ...(2) &
No. of revolutions/second = N/60
=~ Time for one revolution, dt = 60/N second ...(3) %
Hence, according to Faraday’s Laws of Electromagnetic Induction (Equation (1)), so K3
substitute Equations (2) and (3) in Equation (1), we get: &

d® &PN

E.M.F. generated/conductor = - 6o volt ...(4) .

For a simplex wave-wound generator ]
No. of parallel paths = 2 63

No. of conductors (in series) in one path = Z/2 &

PPN Z PZPN &

E.M.F. generated/path = o0 2° 120 volt ...(5) §

For a simplex lap-wound generator K3
No. of parallel paths = P %

No. of conductors (in series) in one path = Z/P %

®PNZ DIZN (3
E.M.F. generated/path= —— == ——  volt ...(6) 3
60 P 60 &

&
, _@ZNP
% | In general generated e.m.f. Eg = o A volt ...(7) 3

s Where A =2 (for simplex wave-winding) %
5 =P (for simplex lap-winding) (5

o Ay e
p iy
at rat
(3 L7 ()
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s | Example 6: An 8-pole d.c. generator has 500 armature conductors, and a useful flux of |

: 0.05 Wb per pole. What will be the e.m.f. generated if it is lap-connected and runs at 1200 :

% | rpm ? What must be the speed at which it is to be driven produce the same e.m.f. if it is |

¢ | wave-wound? §
& Solution. &
& With lap-winding, P= A =8 s
3 . ®ZN P 0.05 X500 X1200 8 500 volts K
(3 == - = vV (3
$ 9 60 A 60 8 K
¢ Ifitis wave-wound, P=8, A=2,P/A=4 s
8 _®INP $
£ 60 A s
K 0.05 X500 XN 8 8
$ 500 = 2 > .N=300rpm
& Hence, with wave-winding, it must be driven at 300 rpm to generate 500 volts. &
: Additional Explanation: Assume 1 ampere as the current per conductor. :
: (a) Lap-wound, 1200 rpm : 500 V per c_oil-group, 8 groups in parallel :
% Net output current (I,)= 8 amp as in Figure (39-a). %
: Power output (Pg)= Eql:=500 X 8 = 4 kW o _ :
¢ (b) Wave-wound, 300 rpm : 2 groups in parallel, one group has four coils in series, as
% shown in Fig Figure (39-h). &
& Total power-output (Pg)= Egla = 500 X 2 = 1000 W. %
% Note : power is reduced to one fourth that in case of lap wound, which is being
3 3
§ proportional to the speed. §
% L=8A4 %
& &
& &
6 g8 2 5 6
& {77 S ;.q
& -8
® o
& 6
& 6
& y 6
= 0
& &
= X &
= &
= &
& &
o 6
& 6
& 6
& 6
% (@) Lap- wound Armature (b) wave wound Armature %
o Figure (39) i
& VA &
()=
s Ry Ao &
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% | Example 7: An 8-pole d.c. generator has 500 armature conductors, and a useful flux of | %
: 0.05 Wb per pole. What will be the e.m.f. generated if it is wave-connected and runs at :
% | 1200 rpm ? What must be the speed at which it is to be driven produce the same e.m.f. if it | &
% | is lap-wound &
& Solution. . — K3
¢ With wave-winding, A =2 NﬁFeh' Eg In Cise 2; WaVEe winding (220?\’) 8
:g ®dZN P 0.05 X500 X1200 8 W. IC. IS greater an Eg IN cCase or lap :g
b g=———= — = 2000 volts winding (500v), so wave wound generator | '
»% 60 A 60 z give more voltage than lap wound generator E%
& .. for the same pole number, armature | &
0 i —p= ' *
.g Ifitis Iap wound, A =P =8, conductors and speed. hence wave wound Eg
:§: 0= @E generator use for high voltage applications :%‘
S 60 A (see section 8) kS
% 0.05 X500 XN 8 &
i 2000 = = | >+ N=4800mpm
& L, 60 8 . &
% Hence, with lap-winding, it must be driven at 4800 rpm to generate 2000 volts. :
& Additional Explanation: Assume 1 ampere as the current per conductor. %
. (a) Wave-wound, 1200 rpm : 2000 V per coil-group, 2 groups in parallel one group has .
& four coils in series, Net output current ()= 2 amp as in Figure (40-a). 8
% Power output (Pg)= Egl,=2000 X 2 = 4 kW 5
§ (b) Lap-wound, 4800 rpm : 8 groups in parallel, as shown in Fig Figure (40-b). .
¢ Total power-output (Pg)= Egla = 2000 X 8 = 16 kW. 8
& Note : power is increased to four times that in case of wave wound, which is being §
& &
§ proportional to the speed. §
:0: Ia=2amp; I1=8A4 :0:
& 2 &
& &
& &
& &
& &
& 4 &
& &
& &
::: 1AA HT 1AL 1AL :::
& > 8 &
& S g Ss &
(6 8 ] 6
& w : 6
& 6
& 6
& 6
& 6
= . (-
& &
= R &
= &
= &
& &
o 6
& 6
& 6
& 6
; (a) Wave-wound Armature (b) Lap-wound Armature §
; Figure (40) E;
& N &
p g
S kvd ‘3
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% | Example 8: A 4-pole, Lap-connected d.c. machine has an armature resistance of 0.15 %
% | ohm. Find the armature resistance of the machine is rewound for wave-connection. &
& Solution. X s
«  For lap-wound: Ldl &
% A 4-pole lap-winding has 4 parallel paths in armature, ! ¥
& 1 1.1, 1 1 &
§ ——=-+-+ -+-
:g: Ra(lap) T T T r :g:
;%; 1 4 T 4 :%
§ Ra(lap) r §
1= =4 x0.15 =0. e %
:g r 4Ra(lap) 4 0.15=0.6 Q :g
3 /Note: ) &
§ Ey = e (voltage in each parallel path), less than wave wound E%:
k3 l.= 41(sum of parallel paths current), more than wave wound 3
2 _ (a) Lap-wound Armature S
& P= Egla = 4el, equal to power in wave wound &
. °M %
& For wave-wound: 41-21 &
& A 4-pole wave-winding has 2 parallel paths in &
& armature, o
% 1 1 1 %
% o o T - 3 %
;:; Ra(Wave) 2T 2T ;:;
Eg Rawave) r I Eg
& =7 = &
$ Rywavey =7 = 06Q r $
& &
& &
& &
& &
& &
* 421 &
E:S N € E:S
& &
kS kS
% (b) Wave-wound Armature %
8 Figure (41) §
& &
% %
'« '«
:? /Note: \ :z:
E; Eq = 2e (voltage in each parallel path), more than lap wound E;
i? l.= 2I(sum of parallel paths current), less than lap wound ;§
:§: P= Egyla = 4el, equal to power in lap wound ;§
§ O\l _ ) g
& N &
& &
p iy

Ay2
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& | Example 9: The armature of a four-pole d.c. shunt generator is lap-wound and generates

% | 216 V when running at 600 r.p.m. Armature has 144 slots, with 6 conductors per slot. If

% | this armature is rewound, wave-connected, find the e.m.f. generated with the same flux per
% | pole but running at 500 r.p.m.

& | Also find power for both cases if each armature conductor carry 10A.

& Solution:

% Total number of armature conductors = Z = 144 x 6 = 864 conductors

S For a Lap winding,
$ A=P =4,

& PZN P ® X864 X600 , 4
¢ generated em.f. Eg = ——— > 216= 0 (Z)

$ = @ =25 milli-weber

% If the armature is rewound with wave-connection,
§ A=2
¥ Hence, at 500 r.p.m., with 25 mWb as the flux per pole.

3 ®ZN P 25x1073 X864 X500 , 4
% generatede.m.f. Eg=——— |:> E, = (=) =360 volts
3 97 60 A g 60 2

¢ Now to find output power for both cases,

% Case (i): Lap-wound Machine at 600 r.p.m., Armature e.m.f.= 216 V

% In simple lap-wound machines, since a four-pole machine has four parallel paths in
% armature, the total armature output-current is 40 amp.

¢ Hence, armature-output power = 216 X 40 X 1073 = 8.64 Kw

% Case (it): Wave-wound machine, at 500 r.p.m., Armature e.m.f. = 360 V
% Due to wave-winding, number of parallel paths in armature = 2, hence, the total armature
& output current = 20 amp

% Thus, Armature - output-power = 360 X 20 X 1073 =7.2 kw

& Observation: With same flux per pole, the armature power outputs will be in the proportion

% of the speeds, as (7.2/8.64) = (5/6), —— > (Pwave _ Nwave>

Plalp Nlap

% Further Conclusion: In case of common speed for comparing Electrical Outputs with same
% machine once lap-wound and next wave-wound, there is no difference in the two cases.
% Lap-wound machine has lower voltage and higher current while the wave-wound machine

XXX X XXX XX XXX A XXX XXX XXX XXX XXX AKX KX XXX XX XX XXX XXX XXX AKX XXX XX XXX XXX XXX XXX XX XXX AKX AKX XXX XX XXX XX

§ has higher voltage and lower current. §
3 "
" b
S "

e Ay e
X%
at rat
(3 L7 ()
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: Example 10: A long shunt d.c. compound generator delivers 110 kW at 220 V. :

% | 1f r; = 0.01 ohm, ree = 0.002 ohm, and shunt field has a resistance of 110 ohms, calculate (S

% | the value of the induced e.m.f. &
: Solution: :
P 110x1000 !
% Load current (I.)= “;“t =——— =500 A %
3 t 21, = 0.002 oh b3
* ) 220 £ m.o S
% Shunt field current (Isn) = TIo" 2A s i+ R
K3 T < S
: Armature current (I)=1_ + Iy =500 +2 =502 A ,_'LE =001 T[a . 110 T :
§ Tra+re=0.012 ohm —C S
§ Eg=Vi+ la(ratre) = 220 + [502 X (0.012)] = 226.024 V - - o
: Figure (42) 8

% | Example 11: A d.c. shunt generator has an induced voltage on open-circuit of 127 volts. | %
% | When the machine is on load, the terminal voltage is 120 volts. Find the load current if the | %
% | field circuit resistance is 15 ohms and the armature-resistance is 0.02 ohm. Ignore | &

% | armature reaction. 8
:‘: H . :.::
& Solution: :

%  Generator on no load: in this case we can find the generated e.m.f. directly because there is :
% no voltage drop on load (I = 0,50 I, =l4,), so the generated e.m.f. can be found by adding %

% the O.C. voltage and voltage drop on armature resistance, as shown in Figure (43-a), 3
& (3
:§1 L =0 ;§;
::: Vo.c.: 127 V { e ;& :::
3 3
0 \% Vo.c.(or em. 127 I’l
§ 1= lgm——=—20lrem) = ST =g A7 A y
& Rsh Rsh 15 8.47 S V, =127V
% Eg=Voc tlRa= 127 + 8.47x0.02 = 127.17 volts amp < $
& &
::: ‘ + 8.47 amp v :::
:§j (a) Generator on no-load :g
& : &
s Figure (43-h), represent load cases, %
s vV 120 L s
§ lg=—="—7=8A % ¥
8 Rsp 15 &
Eg Eq=V +I.Ra ——————— 127.17 =120 + 1,(0.02) Eg
3 127.17-120 , K
% l,=————=3585A Siamp 120V &
& 0.02 .
& o lL=1-15,=3585-8=3505A 3
s =S
:;: (b) Loaded Generator :§:
& Figure (43) &
3 3
3 (3
3 (3
S "
. A 8
3 Ay (3
3 3
& p Sy &

Ay2
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¢ | Example 12: An 8-pole d.c. shunt generator with 778 wave-connected armature |
% | conductors and running at 500 r.p.m. supplies a load of 12.5 Q resistance at terminal | §
& | voltage of 250 V. The armature resistance is 0.24 Q and the field resistance is 250 Q. Find |

: the armature current, the induced e.m.f. and the flux per pole. :
& Solution: :
% Load current = V/R = 250/12.5 = 20 A LA 20A

« Shunt current =250/250 =1 A

& Armature current=20+1=21 A a G S
(3 ) (3
% Induced e.m.f. = 250 + (21 x 0.24) = 255.04 VV = i o
& ®ZN (P a o 3
¢ generated e.m.f. Eg=—— (—)
$ 9 97 60 \A $
s dx778x500 (8 5
& 255.04 =——— |- $
% 60 2 : %
$ -~ ©=9.83mWb Figure (44) R
: Example 13: A 4-pole lap-connected armature of a d.c. shunt generator is required to :
% | supply the loads connected in parallel : %
% | (1) 5 kW Geyser at 250 V, and %
% | (2) 2.5 kW Lighting load also at 250 V. 3
% | The Generator has an armature resistance of 0.2 ohm and a field resistance of 250 ohms. &
§ The armature has 120 conductors in the slots and runs at 1000 rpm. Allowing 1 V per .
§ brush for contact drops and neglecting friction, find :
§ (1) Flux per pole, (2) Armature-current per parallel path. §
¢ Solution: s
& Geyser current = 5000/250 = 20 A S
& Current for Lighting = 2500/250 = 10 A o
¢ Total current =30 A $
- \Y% 250 _ b
% Field Current for Generator=— =—= 1A S
o Rgn, 250 3
¢ Hence, Armature Current (1) = I_ + Isp =31 A &
& Armature resistance drop = 1,.R. = 31 X 0.2 = 6.2 volts s
& Generated e.m.f. = V + [..R, + total brush contact drop =250 + 6.2 + 2 = 258.2 V, &
& For a 4-pole lap-connected armature, Number of parallel paths = number of poles = 4 &
o (1) The flux per pole is obtained from the emf equation, o
% ®ZN P ®dx120x1000 4 %
g=———~ | > 2582 = 2
K 60 A 60 4 K
o @ =129.1 mWb &
§ la §
; (2) Armature current per parallel path (l./path) = e 31/4=7.75 A. §

e vAg e
<%
at rat
(3 L7 ()
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& | Example 14: separately excited generator, when running at 1000 r.p.m. supplied 200 A at | %
¢ | 125 V. What will be the load current when the speed drops to 800 r.p.m. if It is unchanged |
& | ? Given that the armature resistance = 0.04 ohm and brush drop =2 V. %
& Solution: oA &
% Casel: speedis 1000 .p.m. - &
% N; =1000 r.p.m. L %
63 . V 125 ] N s
% The load resistance RL. = —=—=10.625 Q, 1 [ g sy 8
& L 200 \ E ) K
K AN e
$ Eg =V + IR, + total brush contact drop T/ - §
$§  =125+200 X 0.04+2=135V; -
& Figure (45) &
& Case2: speed is 800 7.p.m. &
K N, =800 r.p.m. 8
% Ego =? &
§ [Note: as lrunchanged, this means flux (®)is constant for both cases. ] %
®ZN P AN
® (2
=—, = ) x
i BT %0 a As (o5 A) is constant — Eg o< N :
¢ E N 82 N .
§ gl 1 1 §
&« Eg =135 X (800/1000) = 108 V &
¢ If I, is the new load current, then terminal voltage V is given by, s
% Egp =V + 1R, + total brush contact drop $
& =V =Eg — [12R, — total brush contact drop 3
Eg V= 108_OO4||_2—2 Eg
=106 —0.04 I,
& V (106 —0.041y;) &
¥ &= = lo=1594 A %
R 0.625 — o R
3 3
3 3
3 3
3 3
3 3
3 3
3 (3
3 3
3 3
3 3
3 3
3 (3
3 (3
3 (3
3 (3
3 3
3 3
3 3
3 3
(3 (3
3 (3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
§ vAg &
<)
s Ry Ao &
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¢ | Example 15: A 4-pole, 900 r.p.m. d.c. machine has a terminal voltage of 220 V and an %
§ induced voltage of 240 V at rated speed. The armature circuit resistance is 0.2 Q. Is the §
& | machine operating as a generator or a motor ? Compute the armature current and the ¥
& | number of armature coils if the air-gap flux/pole is 10 mWh and the armature turns per &
% | coil are 8. The armature is wave wound. %
& Solution: &
& Since the induced voltage E is more than the terminal voltage v, the machine is working %
& as agenerator. s
: Eq =V + 1R, :
& 240 =220 + 1,x0.2 T l.=100 A K
(S ®ZN P K
& - 3
$ 97 60 A %
o 10x1073XZx900 4 $
& 240 = - 3
R 60 2 o
:%: ~Z =800 I%I
& Since there are 8 turns in a coil, it means there are 16 active conductors/coil. Hence, the s
¢ number of coils = 800/16 = 50. 8
: Example 16: In a 120 V compound generator, the resistances of the armature, shunt and &
§ series windings are 0.06 Q, 25 Q and 0.04 Q respectively. The load current is 100 A at 120 §
§ V. Find the induced e.m.f. and the armature current when the machine is connected as (i) :
% | long-shunt and as (ii) short-shunt. K3
& Solution: I 100 A &
§ (i) Long Shunt [Figure (46-a)] «%0_04 ,§
& s =120/125=48 A = , §
3 _ a "
E:i ||_ - 100 A & E ;,// ‘\“. |:T 120V :::
$ 1.=1048A \2%) -
& Voltage drop in series winding = 104.8 X 0.04 =4.19 V T 3
% Armature voltage drop = 104.8 X 0.06 = 6.29 VV T &
§ .~ Eg=120+4.19+6.29=130.5V o
kS 100 A kS
§ (i1) Short Shunt [Figure (46-b)] } §
% Voltage drop in series winding = 100 X 0.04 =4 V ox Ol §
% Voltage across shunt winding =120 +4 = 124 V N ’ 1‘2” &
% o 1= 124/25=5A = (0,06 )
& \ / &
g = la=100+5=105A N &
¢ Armature voltage drop = 105 X 0.06 = 6.3 V ‘—T) S §
§ Eq=120+6.3+4=130.3V §
$ Figure (46) 8
& o
& o
& o
& o
() ()

e Ay e
<%
at rat
(3 L7 ()
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& | Example 17: A 4-pole, long-shunt lap-wound generator supplies 25 kW at a terminal s
" k3

% | voltage of 500 V. The armature resistance is 0.03 ohm, series field resistance is 0.04 ohm | %
% | and shunt field resistance is 200 ohm. The brush drop may be taken as 1.0 V. Determine &

3 "
% | the e.m.f. generated. §
: Calculate also the No. of conductors if the speed is 1200 r.p.m. and flux per pole is 0.02 :
& | weber. Neglect armature reaction. §
: Solution: :
s 1=25,000/500 =50 A, Is» =500/200 = 2.5 A 25 A =50 A
§ l=1+15,=50+25=525A
% Series field drop = 52.5 X 0.04 = 2.1V 5}‘”’49

§ Armature drop =525 X 0.03 = 1.575 V 5 A sov[z] &
& Brushdrop=2x1=2V ([ L t]T()I)SQ S
% Generated e.m.f., Eg =500 + 2.1 + 1.575 + 2 =505.67 V o’ %
8 ®ZN (P | 3
¥ Now, Eg=———|— - &
% 60 \A ) %
kS Figure (47) S
§ 0.02XZx1200 (4 %
% 505.67 = - %
8 60 4 8
&~ Z=1264 conductors $
§ Example 18: A 4-pole, lap-wound, d.c. shunt generator has a useful flux per pole of 0.07 :
§ Whb. The armature winding consists of 220 turns each of 0.004 Q resistance. Calculate the :
§ terminal voltage when running at 900 r.p.m. if the armature current is 50 A. §
¢ Solution: 8
& Since each turn has two sides, «
% Z=220X2=440:N=900rp.m.;®=0.07Wb;P=A=4
3 3
* ®ZN P 0.07x440x900 , 4 %
§ nEg=———= (=) =462 volt
& 60 A 60 4 @
% Total resistance of 220 turns (or 440 conductors) = 220X0.004 = 0.88 Q :
& Since there are 4 parallel paths in armature, &
& - Resistance of each path (r) = 0.88/4 =0.22 Q &
E§ Now, there are four such resistances in parallel each of value 0.22 Q E§
N ot ——— > - =1 i
8 r _ 022 _ &
Eg o Ra(lap) = Z — T = 0.055Q ng
& Armature drop = laRg(qpy = 50X0.055 =2.75 Q §
; Now, terminal voltage V = Eq — laR g (jqp) = 462 — 2.75 = 459.25 volt. §
3 SAg 3
vy

Ay2
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: Example 19: A 4-pole, lap-wound, long-shunt, d.c. compound generator has useful flux :
% | per pole of 0.07 Whb. The armature winding consists of 220 turns and the resistance per ¥
" "

& | turn is 0.004 ohms. Calculate the terminal voltage if the resistance of shunt and series field | &
% | are 100 ohms and 0.02 ohms respectively ; when the generator is running at 900 r.p.m. | &

: with armature current of 50 A. Also calculate the power output in kW for the generator. :
%  Solution: %
§ Z=2x no. of turns = 2 x 220 = 440 conductors - «
% ®ZN P _ 0.07x440x900 , 4 &
% Eg=———= (=) =462 volt 0.055 0
& 60 A 60 4 - oA 3
% As found in (Example 18), Ry = 0.055 Q 3 00 < | %
: Ra+ Re=0.055+0.02=0.075 Q - 602\ MK %
& Arm. circuit drop[la(R.:+Rs)] =50 X 0.075=3.75 V «
% Eg=V+li(RatRe) \ ‘ %
: V =462 —3.75=458.25V, :
% lsn =458.25/100 = 4.58 A Figure (48) %
§ 1=50-4.58=4542 A &
& Output Power = VI = 458.25 X 45.42 = 20,814 W = 20.814 kW
¢ | Example 20: A separately excited d.c. generator, when running at 1200 r.p.m. supplies | &
¢ | 200 A at 125 V to a circuit of constant resistance. 8
§ What will be the current when the speed is dropped to 1000 r.p.m. and the field current is | &
% | reduced to 80%?Armature resistance, 0.04 Q and total drop at brushes, 2 V. Ignore «
e . ; K
% | saturation and armature reaction. &
¢ Solution: s
¢ We will find the generated e.m.f. when the load current is 200 A. «
¥ V 125 _ o
s E91:V+Vb+IaRa:125+2+200><0.04:l35v,RL:T—%—0.6259 o
:g Now, Egl < O1N; and Egz < O,N, :g
< 200 A *
¢ . Ee2 _ 22Ny .
Eg Eg1 CD1N1 ¢ /__,n:',_-l- Eg
rat - ) = P
§ or _\+ c% -\ 004 ) gl125v §
% Eg2 1000 o L 3
3 —=-=08X — C—> Epp = 0V WA 3
kS 135 1200 92 AN %
s = -
& Ego=V2+ Vp + 2R, Figure (49) §
§  Eg=ILRL+ Ve +12R: = (R + Ra) Vs
§  90=12(0.625+0.04) +2 ——> I, =13233A
3 SAg i
<%
% LS &
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¢ | Example 21: A 4-pole, d.c. shunt generator with a shunt field resistance of 100 Q and an |
& | armature resistance of 1 Q has 378 wave-connected conductors in its armature. The flux | %
& | per pole is 0.02 Whb. If a load resistance of 10 Q is connected across the armature terminals | %

" . . &
% | and the generator is driven at 1000 r.p.m., calculate the power absorbed by the load. %
% Solution: %
¢ Induced e.m.f. in the generator is, ¥
K ®ZN P 0.02x378%X1000 , 4 %
§ Ej=———= (=) =252 volt
& 60 A 60 2 %

% Now, let V be the terminal voltage i.e. the voltage available across the load as well as the

% shunt resistance (Figure (50)). - ¥
& Loadcurrent (I.)) =— A kS
b3 10V &
s Shunt current (Ish) =— A G %
& 100 o v G &
3 V V. 11V = = &
¢ Armature current (I,) =—+—=— — -
$ 10 100 100 &
§ Now, V = E4 — IR, v s
i av-2n2-1x o
% ~ V =227 volts Figure (50) %
3 227 3
« Load current (I.) = o - 22.7 A, S
& Power absorbed by the load is = 227 X 22.7 = 5,153 W &
& | Example 22: A four-pole, lap-wound shunt generator has 300 armature-conductors and 3
§ a flux/pole of 0.1 Wb. It runs at 1000 r.p.m. The armature and field-resistances are 0.2 §
& | ohm and 125 ohms respectively. Calculate the terminal voltage when it is loaded to take a | §
3 . b3
% | load current of 90 A. Ignore armature reaction. %
& - &
% Solution: S
& First, the e.m.f .should be calculated, o
" 3
% ®ZN P 0.1x300x1000 , 4 &
$ Eq=———= (=) =500 volt K
(3 60 A 60 4 kS
S S
S S
& 500 &
;g |sh:ESZ4A,||_:90A,|a:||_ + 1y =90 +4 =94 amp ;g
& 500=V +94 X 0.20 o
¢ Terminal voltage, V = 500 — 18.8 = 481.2 volts s
& 6
= 6
& 6
6 &
& =
& =
& 6
& o
& o
& o
() ()
& A 3
0%
k3 Gy 3
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% 12. Total Loss in a D.C. Generator %
: The various losses occurring in a generator can be sub-divided as follows: :
¢ (a) Copper Losses: ¥
: (i) Armature copper loss = .2 R, [Note: Egl, is the power output from armature.] :
: where R, = resistance of armature and interpoles and series field winding etc. :
% This loss is about 30 to 40% of full-load losses. %
: (i1) Field copper loss. In the case of shunt generators, it is practically constant and :
s Isn? Rsh (O Vlg). In the case of series generator, it is = ls> Ree Where Ry is s
& resistance of the series field winding. &
S This loss is about 20 to 30% of F.L. losses. ¥
kS (ii1) The loss due to brush contact resistance. It is usually included in the armature kS
" k3
§ copper loss. $
% (b) Magnetic Losses: (also known as iron or core losses), 8
: (!) hysteresis loss, Wy o< By;ox T :
< (ii) eddy current loss, W, o< B2, f?2 &
: These losses are practically constant for shunt and compound-wound generators, because :
& Intheir case, field current is approximately constant. *
% Both these losses total up to about 20 to 30% of F.L. losses. %
§ (c) Mechanical Losses: These consist of : §
3 (i) friction loss at bearings and commutator. :
§ (ii) air-friction or windage loss of rotating armature. 3
% These are about 10 to 20% of F.L. Losses. K3
§ The total losses in a d.c. generator are summarized below : §
§ Armature Cu loss §
% Copper losses % Shunt Cu loss &
K Series Cu loss K
§ Hysteresis §
§ Total losses Iron losses < §
$ Eddy current 8
E§ / Friction E§
& Mechanical losses \ §
s Windage 8
& Figure (51) §
& (]
& (]
& (]
& (-
& (-
& (-
& (-
& (-
() ()

e vAg e
X%
at rat
(3 L7 ()
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% 13. Iron Loss in Armature %
¢ Due to the rotation of the iron core of the armature in the magnetic flux of the field poles,
¢ there are some losses taking place continuously in the core and are known as Iron Losses
& or Core Losses. Iron losses consist of (i) Hysteresis loss and (ii) Eddy Current loss. %

& (i) Hysteresis Loss (Wh): This loss is due to the reversal of magnetisation of the armature %
% core. Every portion of the rotating core passes under N and S pole alternately, thereby
< attaining S and N polarity respectively. The core undergoes one complete cycle of

: magnetic reversal after passing under one pair of poles. :
& If P is the number of poles and N, the armature speed in r.p.m., then frequency of magnetic .
¢ reversals is, f = PN/120 8

& The loss depends upon the volume and grade of iron, maximum value of flux density Bmax
% and frequency of magnetic reversals. For normal flux densities (i.e. upto 1.5 Wh/m?), &

% hysteresis loss is given by Steinmetz formula. According to this formula, %
§ |Wh=nBLS, fV watts 8
& Where: V = volume of the core in m*® & n = Steinmetz hysteresis coefficient. R
: Value of n for: Good dynamo sheet steel = 502 J/m3, Silicon steel = 191 J/m3, Hard Cast :
¢ steel = 7040 J/m?3, Cast steel = 750 — 3000 J/m? and Cast iron = 2700 — 4000 J/m?, %

& (ii) Eddy Current Loss (W¢): When the armature core rotates, it also cuts the magnetic %
% flux. Hence, an e.m.f. is induced in the body of the core according to the laws of ¥
% electromagnetic induction. This e.m.f. though small, sets up large current in the body of

§ the core due to its small resistance. This current is known as eddy current. :
% The power loss due to the flow of this current is known as eddy current loss. This loss
& would be considerable if solid iron core were used. &

¢ In order to reduce this loss and the consequent heating of the core to a small value, the
& core is built up of thin laminations, which are stacked and then riveted at right angles to %
% the path of the eddy currents. These core laminations are insulated from each other by a %

s thin coating of varnish. §
§ It is found that eddy current loss W is given by the following relation: §
" 3
(> — 2 2 42\ /2 8
§ W, = KB§,ax T < 1°V4 watt $
¢ Where: Bma = maximum flux density f = frequency of magnetic reversals, &
% t =thickness of each lamination V = volume of armature core. %

% This loss varies directly as the square of the thickness of laminations, hence it should be %
% kept as small as possible because it reduce the efficiency of the generator and raise the
% temperature of the core. &
% Eddy current loss is reduced by using laminated core but hysteresis loss cannot be reduced %
% this way. For reducing the hysteresis loss, those metals are chosen for the armature core
% which has a low hysteresis coefficient. Generally, special silicon steels such as alloys are §
; used which not only have a low hysteresis coefficient but which also possess high #
& electrical resistivity. &
S A "

e >z 4 e
$ p Uy
\(

K3 L7 (3

L0000 ILILIVVVVLOOVLISIOETVVVVOSOTTIOSLOTTVT OBV OTIOISIOVVVVVVOOOTOVIIILVVVVVLOOOCITIOILOOVVO LS



PLROOOOVVO00VVVVOVVVVVOCVVVVVLVLVVVOVLVVVVVVVVVVVVVVVOVVVVVVOVVVVVOVVVVVTVVVVVO VL VVVOVVVVVO OV VDOV VDO OO
Pat »

University of Diyala
Engineering College

Electronic Department

Year (2013-2014)

& 14. Stray Losses

& 15. Constant or Standing Losses

¢ losses W.. Hence, for shunt and compound generators,

% Total loss = variable loss + constant losses W,

s 16. Power Stages

Elect Power

:s —
&
. Mech. Power

& Tnput = ]I:rqn & Developed
5 - riction

& Output of

& . Losses

% Driving

& Engine ‘

in Armature

Electrical Power & Machines

2nd Class

Asst., Lecturer : Wisam N, AL-Obaidi

& \Various power stages in the case of a d.c. generator are shown below :

|

-Cu
Losses

% Figure (52)

% Following are the three generator efficiencies:
% 1. Mechanical Efficiency
& B _ total watts generated in armature _

& Usually, magnetic and mechanical losses are collectively known as Stray Losses. These
& are also known as rotational losses for obvious reasons.

s Field Cu loss is constant for shunt and compound generators. Hence, stray losses and shunt
& Cu loss are constant in their case. These losses are together known as standing or constant

¢ Total loss = armature copper loss + W = 1,2 Ry + W = (I + 1) Ra + W.

% Armature Cu loss 1,2R, is known as variable loss because it varies with the load current.

Electric
Power
Output

= VI Watt

g m= A mechanical power supplied

% 2. Electrical Efficiency
S C _ watts available in load circuit _ VI

:’: T]e == - —_
’ B Egly

total watts generated

% 3. Overall or Commercial Efficiency

& _ C _ watts available in load circuit
g e~ A mechanical power supplied

% high as 95%.

A
2 >
g
'8 an

B output of driving engine

% It is obvious that overall efficiency (ne = nm . e ).For good generators, its value may be as
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& 17. Condition for Maximum Efficiency &

¢ Generator output = VI ,
: Generator input = output + losses :
“ = VI + IR, + W, s
3 — ] — 3
S =VI+ (1 + 14,)?Ra + W (o la= 1+ Ig) §
% However, if s is negligible as compared to load current, then I, = | (approx.) &
t%: _ __output _ VI ;%;
: M= Snput Vit I2R, + W, :
K VI K
= (< la=1)
& VI+ I2R, +W &
"1 (Bay 7o)
% Now, efficiency is maximum when denominator is minimum i.e. when kS
& dI\V VI &
$ I°R, = Wg
: Hence, generator efficiency is maximum when :
: Variable loss = constant loss. :
% The load current corresponding to maximum efficiency is given by the relation. %
§ 1PR,=W, K
* &
% or kS
& | Example 23: A 10 kW, 250 V, d.c., 6-pole shunt generator runs at 1000 r.p.m. when | %
'8 '8

| delivering full-load. The armature has 534 lap-connected conductors. Full-load Cu loss is |
¢ | 0.64 kW. The total brush drop is 1 volt. Determine the flux per pole. Neglect shunt current. |

§ Solution: §
& Since shunt current is negligible (s = 0), there is no shunt Cu loss. The copper loss occurs §
& inarmature only. s
& 1L=1,=10000/250 = 40 A &
& Armature Cu loss = I.°R, or 0.64x10° = 40°XR, &
§ LR,=040
& 1.R,drop=0.4x40=16V; 3
& - Generated e.m.f. Eg =V + I,R, + total brush drop =250 + 16 + 1 =267 V o
' "
S PZN P b3
% Now, Eg=——— volt kS
Pat g Pat
3 60 A 3
3 ®x534x1000 6 3
& 267 = = <
& 60 6 &
& =
$ o ®=30x10"° Wb =30 mWb
S "
A 3

()
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. Example 24: A shunt generator delivers 195 A at terminal p.d.(potential difference) of .
¢ | 250 V. The armature resistance and shunt field resistance are 0.02 Q and 50 Q| §
: respectively. The iron and friction losses equal 950 W. Find :
% | (@) EXM.F. generated %
% | (b) Cu losses %
% | (c) output of the prime motor ¥
% | (d) Commercial, mechanical and electrical efficiencies. %
¢ Solution: «
* "

$ (a) sy =250/50 =5 A
§  1,=195+5=200 A

& Armature voltage drop = I.R. = 200x0.02 =4 V S
& -~ Generatedem.f. =V + 1Ry =250 +4 =254V %
¢ (b) Armature Cu loss = 1,°R, 8
s = 200°%0.02 =800 W s
¢ Shunt Culoss = V.lg, 8
= 250%5 = 1250 W
% -~ Total Culoss = 1250 + 800 = 2050 W %
% (c) Stray losses =950 W 3
o Total losses = Total Cu loss + Stray losses &
8 = 2050 + 950 = 3000 W s
$  Output power = 250x195 = 48,750 W
S Input power = 48,750 + 3000 = 51750 W &
% - Output of prime mover = 51,750 W %
& (d) Generator input power = 51,750 W &
s Stray losses = 950 W §
« Electrical power produced in armature = Generator input power — Stray losses o
= 51,750 — 950 = 50,800 W
¢ nm=(50,800/51,750) x100 = 98.2%
§ Electrical or Cu losses = 2050 W §
§ M= X 100 = 95.9%
s 48,750 +2,050 s
§ Ne = (48,750/51,750) X100 = 94.2% §
6 &
& =
& =
& 6
& o
& o
3 VA &
==
s Ry Ao &
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s | Example 25: A long shunt dynamo running at 1000 r.p.m. supplies 20 kW at a terminal %
¢ | voltage of 220 V. The resistance of armature, shunt field, and series field are 0.04, 110 and | ¢

% | 0.05 ohm respectively. Overall efficiency at the above load is 85%. Find : K
¢ | (i) Copper loss, §
& | (i) Iron and friction loss. &
¢ Solution. *
& 20,000 : 220 *
¢ Load current (1) = 20 - 90.91 amp, Shunt field current (lf) = T 2 amp 3
& Armature current, I, = 1. + Iy =92.91 amp K3
kS _ generator output power (S
I%I Me = generator input power I%I
& enerator output power 20,000 &
& . generator input power = g pup = = 23529 watts &
& nc 0.85 &
: Total losses in the machine = Input power — Output power = 23529 — 20,000 = 3529 watts :
% (1) Copper losses : 8
% Power loss in series field-winding + armature winding = 92.91* x 0.09 watts = 777 watts ¢
¢ Power-loss in shunt field circuit = 22 x 110 = 440 watts 8
% Total copper losses = 777 + 400 = 1217 watts S
& (i) Iron and friction losses = Total losses — Copper losses = 3529 — 1217 = 2312 watts &
¢ | Example 26: A shunt generator has a F.L. current of 196 A at 220 V. The stray losses are | %

% | 720 W and the shunt field coil resistance is 55 Q. If it has a F.L. efficiency of 88%, find |
% | the armature resistance. Also, find the load current corresponding to maximum efficiency. | &

§ Solution: §
S _ (>
§ Output power = VX I =220 x 196 = 43,120 W ; . = 88% (overall efficiency) §
K3 Output power 43,120 &
$  Input power = ———2 = = 49,000 W S
% nc 0.88 K
& Total losses = Input power — Output power o
o = 49,000 — 43,120 = 5,880 W §
$ . Vo220 ¢
¢ Shunt field current (Isn) =—= —=4A &
- Rsh 55 3
§ o la=I +15=196+4=200 A &
§ ~ Shunt Cu loss = Vg, = 220 x 4 =880 W ; Stray losses = 720 W §
& Constant losses = Shunt Cu loss + Stray losses =880 + 720 = 1,600 §
§ ~. Armature Cu loss = Total losses — Constant losses = 5,880 — 1,600 = 4,280 W §
% 4,280 %
& 2p — 2R = . - - b
§ 1.°Ra = 4,280 W |:> 200° R, = 4,280 |:> s Ra= 200Z - 0.107 Q §
& For maximum efficiency, §
$ 1,600 K
& 1°R,=constant losses= 1,600 W ; | = |——= =122.34 A (3
3 0.107 3

e VAo e
X%
at rat
(3 L7 ()
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¢ | Example 27: A long-shunt dynamo running at 1000 r.p.m. supplies 22 kW at a terminal %
& | voltage of 220 V. The resistances of armature, shunt field and the series field are 0.05, 110 |
% | and 0.06 Q respectively. The overall efficiency at the above load is 88%. Find (a) Cu | &

: losses (b) iron and friction losses (c) the torque exerted by the prime mover. %
% Solution: 24 100 A $
:21 ’ . . . - T = :21
% The generator is shown in Figure (53). , &0.069 R
% vV 220 Output power 22,000 o are <
I%I sh=—_ =___ = y L= = =100 A, 2 SN 220V Z %‘
K Rsh 110 \ 220 - (0.05 Q) Gl
¢ la=1 +1 =102 A \'T/ l i 3
(S Figure (53) s
$§ (a) 1.2R, = 1022 x 0.05 = 520.2 W
¢ Series field loss = 1,°Re =102° x 0.06 = 624.3 W 3
ot . }.<
& Shunt field loss = 15,2Rg, = 22 x 110 = 440 W
: Total Cu losses = 520.2 + 624.3 + 440 = 1584.5 W :
K Output power 22,000 K
i (b) Output power = 22,000 W ; Input power = —— ncp === 25,000 W
% . Total losses = Input power — Output power = 25,000 — 22,000 = 3,000 W 5
% . Iron and friction losses = Total losses — Total Cu losses = 3,000 — 1,584.5=1,4155W ¥
kS b
s 21N 21N <
& Now, Poyt = T = (—— )T, where o is angular speed = ——, if N in .p.m. (3
. 60 60 o
& 60 Pout 25,000 x 60 &
§ T=1——= = 238.74 N-m
& 2N 1000 x 6.284 &
3 "
3 3
3 "
k3 3
3 "
¢ | Example 28: A 4-pole d.c. shunt generator is delivering 20 A to a load of 10 Q. If the | ¥
& | armature resistance is 0.5 Q and the shunt field resistance is 50 Q, calculate the induced | &
¢ | e.m.f. and the efficiency of the machine. Allow a drop of 1 V per brush. «
3 Solution: 3
& Terminal voltage = 20 X 10 =200 V &
$ 1n=200/50=4A;1,=20+4=24A &
% 1LR,=24x05=12V ;Brushdrop=2x1=2V S %
& N = 8
s -~ Eg=200+12+2=214V,asinFigure (54). &
' b
' b
& Since iron and friction losses are not given, only electrical = - &
& efficiency of the machine can be found out. Figure (54) &
% Total power generated in the armature = 214 x 24 = 5,136 W g
¢ Useful output = 200 x 20 = 4,000 W
S "
% -~ Mme=4,000/5,136 =0.779 or 77.9% *
§ vAg &
D
ilXOBXOX'XOXOXOXOXOXOXOXOXOXOXOXQXOXOXOXQXOXQXOBXOXQXOXQXﬁ'XOXOXOX’X’X’XOXOXOX’XOX’XOXOXOX’XOX’XOX%0&'?BX’XOX¢XOX’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’Xﬁ'Xﬁ’XOBXﬁ'Xﬁ’XOBXﬁ'XOXQXOBXOBXOX'X'X'XOXOX:;:
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& | Example 29: A long-shunt compound-wound generator gives 240 volts at F.L. output of | %
¢ | L00A. The resistances of various windings of the machine are : armature (including brush |
% | contact) 0.1Q, series field 0.02 Q, interpole field 0.025 €2, shunt field (including regulating | #
¢ | resistance) 100 Q. The iron loss at F.L. is 1000 W ; windage and friction losses total 500 | §
% | W. Calculate F.L. efficiency of the machine. &
¢ Solution: %
¢ Output power = 240 x 100 = 24,000 W o
Eg TOtal armature CerUit I’eSiStanCE = (RerSh contact + Rseries field + Rinterp0|e) Eg
=0.1+0.02 +0.025=0.145 Q
s 15 =240/100=24 A~ 1,=100+24=1024 A &
R Armature circult Copper IOSS - Ia 2(Rbrush contact T Rseries field T Rinterpole) "
3 =102.42x 0.145=1,521 W %
% Shunt field copper loss = I, V = 2.4 x 240 =576 W ¥
¢ Iron loss = 1000 W ; Friction loss = 500 W &
¢ Total loss = 1,521 + 1,500 + 576 = 3,597 W &
E:f Output power 24,000 E&
§ N= = =0.87 = 87%
& Output power+Total loss 24,000+3,597 &
« | Example 30: In a d.c. machine the total iron loss is 8 kW at its rated speed and excitation. | &
K3 itati [ : [ 0, [ [ S
¢ | If excitation remains the same, but speed is reduced by 25%, the total iron loss is found to | §
% | be 5 kW. Calculate the hysteresis and eddy current losses at .
§ (i) full speed 8
% (if) half the rated speed. §
¢ Solution: s
§ Wh=nBnax fV (D
3 "
& - 2 2 12\ /2 (3
§ W, = KB}, . 1V ..(2) §
P f=— )
$ 120 $
$  Substitute equ.(3) in equ.(1), we get: §
§ W.=nBL6 (NP = D max %
s: h = NDmax (120) ( 120 ) s:
(2 ()

rat T]PV H 1 H H H H H rat
& As (E) is constant for the machine, and excitation is remain constant this means
% (Bmax) Is constant also. So we can represent these values by a constant (A)in the equation.  §

& 6
% - Wh=AN ...(4) %
% Substitute equ.(3) in equ.(2), we get: %
() ()
() ()
o A %
kS YooY (Y
<%
3 254 k3

Ay2
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:2: KPZ t2 VZ BZ :::
% NP max %
¥ We=KB2,, ((—)21t?V2 - ( ) N?
® e ma ®
s X }20 1202 R
3 KP2t2Vv2\ | _ L _ _ 3
¢ AS 50z ) 8 constant for the machine, and excitation is remain constant this means

¢ (Bmax) IS constant also. So we can represent these values by a constant (D)in the equation.

K3 &
e i
S - 2 S
§ W, =DN ..(5)
K K
% S
& %

s Total iron loss (Wi) = Wh + W :
R W, = AN + DN? ...(6) s

§ Case 1: [at rated speed (W) and rated excitation (By)] %
W= AN + DN?
§ ~8=AN; + DN12 (7) §
% Case 2: [When speed is reduced by 25% and rated excitation remain constant] R
N = 0.75N; & B,=B;=constant
Eg ~5=AN> ‘|'DN22 Eg

% 5=0.75AN; + (0.75)’DN,? ...(8) S
% Divide equation (8) by (0.75), we get, &

& &
b 6.67 = ANy + 0.75 DN4? ...(9) %
K Subtract equation (7) from (9), R
§ 8= AN; + DN12 Eg
T 6.67 = FAN; F 0.75 DN,
s 5.32 S
1.33=0.25DN;? | > D= ..(0)
3 1 &
§ Substitute equ.(10) in equ.(7), we get, §
K ~ 5.32 _ 2.68 s
B= ANy + (SNS | = A= (D)
s (1) full speed, [full speed means xated speed(cN.)] s
kS ks
% From equ.(4)& equ.(11), s
& 2.68 $
o W, =AN; = (N—) N1 =2.68 Kw o
(3 1 (3
€ Fromequ.(5)& equ.(10), §
s ,_ /5324 ., s
§ W.=DNy=(33) Ni?=5.32 Kw
(3 &
§ (u) Pt half eated speed, [means (.= 0.50V.)]
§ From equ.(4)& equ.(11), §
& 2.68 2.68 %
Eg Wh=AN; = (N_1) N, = (N_1) (0.5N;) =1.34 Kw Eg
§ From equ.(5)& equ.(10), §
S i, 532y, 532 , $
Eg W, = DNy = (N_%) Ny~ = (N_%) (0.5N;)* =1.33 Kw Eg
§ vAg Eg
Dy
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g Alternative Solution: g
% Wh o fand W, o f2 %
: Since f, the frequency of reversal of magnetization, is directly proportional to the armature :
& speed, :
$ Wi o< Nand We o< N2 $
& = Wh=AN and W, = DN? where A and D are constants. K
% Total loss W = W, + W, = AN + DN?
% Let the full rated speed be 1. 8
% Then8=Ax1+Dx1? &
$ 8=A+D (1) $
& Now, when speed is 75% of full rated speed, then %
§ 5=Ax(0.75) + DX (0.75)? ...(ii)
¢ Multiplying (i) by 0.75 and subtracting (ii) from it, we get 8
§ 01875D=1
% -~ D=1/0.1875=5.33 kW %
% Substituting this value in (i) above 5
¥ 8=533+A %
§ o A=267kw
3 (i) W, at rated speed = 2.67 kW, 3
4 W, at rated speed = 5.33 kW K
8 (i) Wj, at half the rated speed = 2.67x0.5 = 1.335 kW s
§ We at half the rated speed= 5.33 x0.52 = 1.3325 kW ;
§ Example 31: The hysteresis and eddy current losses in a d.c. machine running at 1000 §
§ r.p.m. are 250 W and 100 W respectively. If the flux remains constant, at what speed will §
& | be total iron losses be halved ? §
% Solution: ¢
% Total loss W = W, + W, = AN + DN?
¢ Now, §
Wi, = 250 W ~ A x (1000/60)=250; A=15
$ W, =100 W ~ D x (1000/60)>=100; D =9/25 $
§ Let N be the new speed in r.p.s. at which total loss is one half of the loss at 1000 r.p.m. §
% New loss %
& = (250 + 100)/2 =175 W §
§ ~» 175 =15 N + (9/25)N? or ON2+375N—-4375=0 §
§ LN 35 V/3752+36x4,375 _ ~375 546 _ 0.5 1p.s =570 rp.m* §
& 2X9 18 S
§ * The negative value has been rejected—being mathematically absurd. :§
& Note. It may be noted that at the new speed, Wh = 250 x (570/1000) = 142.5 W and We = 100 X ¥
§ (570/1000) = 32.5 W. Total loss = 142.5 + 32.5 =175 W. E§
3 vAg &
py
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% | Example 32: A d.c. shunt generator has a full load output of 10 kW at a terminal voltage | %
% | of 240 V. The armature and the shunt field winding resistances are 0.6 and 160 ohms | &
% | respectively. The sum of the mechanical and core-losses is 500 W. Calculate the power |

: required, in KW, at the driving shaft at full load, and the corresponding efficiency. :
: Solution: :
% Field current =240/160 %
= 1.5 amp,
: Load current = 10, 000/240 :
: =41.67 amp :
& Armature current = 41.67 + 1.5 3
: =43.17 amp :
% Field copper losses = 360 W, &
: Armature copper losses = 43.172 x 0.6 :
=1118 W
: Total losses in kW =0.36 + 1,118 + 0.50 :
k3 k3

% =1,978 kW 8
% Hence, Power input at the shaft = total losses + P, = 1.978 + 10 = 11.978 kW §

gt <
& &
8 1 X
< .. <
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K 11.978 S
! !
s K3
S = 83.5% 3
o o
ral <
(D o
gt <]
o o
ral <
(D o
< <
o o
<] <]
o (D
ot gt
o o
<] <]
(D (D
ot gt
o o
<] <]
o (D
ot gt
o o
<] <]
o o
ot Pat
o o
<] <]
o o
ot Pat
o o
<] <]
(D o
ot Pat
o o
<] <]
o o
Pat Pat
o o
<] <]
o o
el e
<] <]
o o
el e
<] <]
o o
'e! e
<] <]
o o
'e! e
<] <]
o o
ot Pat
o o
<] <]
o o
ot Pat
o o
gt gt
() ()
gt gt
() ()
gt gt
() ()
gt gt
o ()
gt gt
() ()
gt gt
o ()
gt gt
o ()
gt gt
o ()
gt gt
o ()
gt gt
o ()
gt gt
o o
gt gt
() .
gt gt
() .
gt gt
() .
gt gt
() .
gt gt
() o
gt gt
() o
gt gt
() o
gt gt
(> o
gt gt
(> o
gt gt
() o
gt gt
(> .
gt gt
(> .
gt gt
() .
gt gt
(> .
gt gt
(X &
gt gt
() .
gt gt
() .
gt gt
() o
gt gt
(X .
e s
at gt
(X .
e s
at gt
8 A b
(3 Y 3
£ A A 3
e Ky 2 s

-O-0-O-O-O-O-OR-ORXORORORRRORHH--O- O O-ORRORKORORHOR AR XOR R KORKXORHR-O-- OO 0X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’XQXQX’X’X’X’XOXQXOXQXOXQXOXQXOXQXOXQXOXQXOXQXOXQXOXQXOX’X’X’X’X’X’%

>



PLROOOOVVO00VVVVOVVVVVOCVVVVVLVLVVVOVLVVVVVVVVVVVVVVVOVVVVVVOVVVVVOVVVVVTVVVVVO VL VVVOVVVVVO OV VDOV VDO OO
Pat Pat

University of Diyala Electrical Power L Machines
Engineering College 2nd Class

Electronic Department Year (2013-2014) Asst., Lecturer : Wisam N. AL-Obaidi

Tutorial Problems ( 1 )

s [1] A 4-pole, d.c. generator has a wave-wound armature with 792 conductors. The flux per %
& pole is 0.0121 Wh. Determine the speed at which it should be run to generate 240 V on no-
¢ load. [751.3 r.p.m.] %

& [2] A 20 kW compound generator works on full-load with a terminal voltage of 230 V. %
& The armature, series and shunt field resistances are 0.1, 0.05 and 115 Q respectively. %
% Calculate the generated e.m.f. when the generator is connected short-shunt. [243.25 V] *

% [3] A d.c. generator generates an e.m.f. of 520 V. It has 2,000 armature conductors, flux
s per pole of 0.013 Wh, speed of 1200 r.p.m. and the armature winding has four parallel
& paths. Find the number of poles. [4] &

& [4] When driven at 1000 r.p.m. with a flux per pole of 0.02 Wb, a d.c. generator has an
¢ e.m.f. of 200 V. If the speed is increased to 1100 r.p.m. and at the same time the flux per
% pole is reduced to 0.019 Wb per pole, what is then the induced e.m.f. ? [209 V] %

% [5] Calculate the flux per pole required on full-load for a 50 kW, 400 V, 8-pole, 600 r.p.m.
% d.c. shunt generator with 256 conductors arranged in a lap-connected winding. The #
s armature winding resistances is 0.1€2, the shunt field resistance is 200 € and there is a

§ brush contact voltage drop of 1 V at each brush on full load. [0.162 Wb] :
k3 "

& [6] Calculate the flux in a 4-pole dynamo with 722 armature conductors generating 500 V'
% when running at 1000 r.p.m. when the armature is (a) lap connected (b) wave connected. &

i [(2)41.56 mWb (b) 20.78 mWb]

% [7] A 4-pole machine running at 1500 r.p.m. has an armature with 90 slots and 36 %
% conductors per slot. The flux per pole is 10 mWhb. Determine the terminal e.m.f. as d.c.
% Generator if the coils are lap-connected. If the current per conductor is 100 A, determine

& the electrical power. [810 V, 324 kW] S

& [8] An 8-pole lap-wound d.c. generator has 120 slots having 4 conductors per slot. If each
& conductor can carry 250 A and if flux/pole is 0.05 Wb, calculate the speed of the generator
& for giving 240 V on open circuit. If the voltage drops to 220 V on full load, find the rated
& output of the machine. [600 r.p.m., 440 kW] 3

& [9] A 110-V shunt generator has a full-load current of 100 A, shunt field resistance of 55
% Q and stray losses of 500 W. If F.L. efficiency is 88%, find armature resistance. Assuming %
% Vvoltage to be constant at 110 V, calculate the efficiency at half F.L. And at 50% overload. %
% Find the load current at max efficiency. [0.078 Q ; 85.8% ; 96.2 A] %

0 0
e A e
: p Oy
\(

Ky L7 ¢
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% [10] A short-shunt compound d.c. Generator supplies a current of 100 A at a voltage of
s 220 V. If the resistance of the shunt field is 50 Q, of the series field 0.025 Q, of the
¢ armature 0.05 Q, the total brush drop is 2 V and the iron and friction losses amount to 1
« KW, find, (a) the generated e.m.f. (b) the copper losses (c) the output power of the prime- ¥
& mover driving the generator and (d) the generator efficiency. [(a) 229.7 V (b) 1.995 kW %
& (C) 24.99 kW (d) 88%0] &

s [11] A 20 kW, 440-V, short-shunt, compound d.c. generator has a full-load efficiency of
% 87%. If the resistance of the armature and interpoles is 0.4 Q and that of the series and
% shunt fields 0.25 Q and 240 Q respectively, calculate the combined bearing friction, #
% windage and core-loss of the machine. [725 W] %

% [12] A long-shunt, compound generator delivers a load current of 50 A at 500 V and the
& resistances of armature, series field and shunt field are 0.05 ohm, 0.031 ohm and 250 ohm %
% respectively. Calculate the generated electromotive force and the armature current. Allow %
% 1.0 V per brush for contact drop. [506.2 V ; 52 A] S

s [13] In a 110-V compound generator, the resistances of the armature, shunt and the series %
& windings are 0.06 Q, 25 Q and 0.04 Q respectively. The load consists of 200 lamps each
s rated at 55 W, 110 V. Find the total electromotive force and armature current when the
& machine is connected (i) long shunt (ii) short shunt. Ignore armature reaction and brush

& drop. [(a) 120.4,104.4 A (b) 120.3 V, 104.6 A]

% [14] Armature of a 2-pole, 200-V generator has 400 conductors and runs at 300 r.p.m. %
% Calculate the useful flux per pole. If the number of turns in each field coil is 1200, what is
% the average value of e.m.f induced in each coil on breaking the field if the flux dies away
% completely in 0.1 sec ? %
% Hint: Calculate the flux per pole generating 200 V at 300 rpm. Calculate the e.m.f. 3§
« induced in 1200-turn field coil due to this flux reducing to zero in 0.1 sec, from the rate of

§ change of flux-linkage. [¢ = 0.1 Wb, e = 1200 V] §
k3 3
" "

% [15] A 1500 kW, 550-V, 16 pole generator runs at 150 rev. per min. What must be the %
% useful flux if there are 2500 conductors lap-connected and the full-load copper losses are %
% 25 kW? Calculate the no-load terminal voltage (generated e.m.f.). [0.0895 Wb, 559.17 V] = &

e ()
Pat Pt
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% 18. Armature Reaction

¢ Armature reaction is meant the effect of magnetic field set up by armature current on the
¢ distribution of flux under main poles of a generator. The armature magnetic field has two
& effects:

¥ (i) It demagnetises or weakens the main flux(reduce generated voltage)..
: (i) It cross-magnetises or distorts it (generate spark at brushes)..

% Figure (55) shows the flux distribution of a bipolar generator when there is no current in the
% armature conductors. It is seen that,

(a) the flux is distributed symmetrically with respect to the polar axis, which is the line

(S joining the centers of NS poles. MNA

S (b) The magnetic neutral axis or plane (M.N.A.) coincides

& with the geometrical neutral axis or plane (G.N.A.)
% Magnetic neutral axis may be defined as the axis along
£ which no e.m.f. is produced in the armature conductors
S because they then move parallel to the lines of flux. Or
& M.N.A. is the axis which is perpendicular to the flux
bS passing through the armature

& Figure (55)

¢ | Note:- Brushes are always placed along M.N.A. Hence, M.N.A. is also called ‘axis of

% | commutation’ because reversal of current in armature conductors takes place across this %
%\ aXIS. 8
* %
(2 (D

% In Figure (56) is shown the field (or flux) set up by the armature
% conductors alone when carrying current, the field coils being
¥ unexcited.

% The direction of the armature current may be found by applying
¢ Fleming’s Right-hand Rule. The current direction is downwards
% In conductors under S-pole and upwards in those under N-pole.

& The downward flow is represented by crosses and upward flow

% Dby dots.

0 6
& Figure (57) shows the effect of armature magnetic field and $
§ its effect on the main poles magnetic field. It is seen that the §
¢ flux through the armature is no longer uniform and §
; symmetrical about the pole axis, rather it has been distorted. §
& The flux is seen to be crowded at the trailing pole tips but §
% weakened at the leading pole tips. &
& 6
& Figure (57) &
3 VA ;
p iy

Ay2
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P‘i

s 19. Effect of forward brush shift (or lead) 2 §
% Suppose the brushes to be shifted forward by an angle 0 : %
% from axis AB to axis CD, as in Figure (58). Draw EF &
% making the same angle 0 on the other side of AB. Then N ¥
¢ with anticlockwise rotation of the armature, all the &
¢ conductors on the left hand side of CD carry current ¥
: outwards and all those on the other side carry current :
& towards the paper. 8
& Figure (58) 8
% The armature ampere-turns can now be divided into two groups: :
% (a) Those due to conductors in angles COE and FOD, shown separately in Figure (59-a). %
: These conductors are carrying current in such a direction as to try to set up a flux in :
. opposition to that produced by the field winding, and their effect is to reduce the flux .
s through the armature. Hence the ampere-turns due to these conductors are referred to
& as demagnetizing OF back ampere-turns. <
¢ (b) Those due to conductors in angles COF and EOD and shown separately in Figure :
% (59-b). The ampere-turns due to the current in these conductors are responsible for the %
3 distortion of the flux and are therefore termed the distorting Or cross ampere-turns. &
0 6
6 6
(0 6
Fwp P
% Figure (59):Demagnetizing and Cross-magnetizing Armature Ampere-Turns. %
& 6
& 6
& 6
& 6
& 6
& 6
= 6
& 6
6 &
& =
& =
& 6
& o
& o
& o
& o
§ LA &
<>
(s A %
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« «
$  20. Demagnetising AT per Pole 5

& Since armature demagnetizing ampere-turns are neutralized by adding extra ampere-turns &
¢ to the main field winding, it is essential to calculate their number. But before proceeding &
& further, it should be remembered that the number of turns is equal to half the number of K3

: conductors because two conductors-constitute one turn. :
¥ Let ¥
% Z = total number of armature conductors %
& | = current in each armature conductor ¥
Eg Ia . - Eg
& = ... for simplex wave winding &
S = = ... for simplex lap winding *
(3 p &
: Om = forward lead in mechanical or geometrical or angular degrees. :
: : 40
& Total number of armature conductors in angles EOC and FOD/pair of poles = 360 X Z <
$ Astwo conductors constitute one turn, $
: : 20
& .~ Total number of turns in these angles/pair of poles = —= x Z &
§ 360 3
% o - 26m %
¢ -~ Demagnetising amp-turns per pair of poles = 260 < ZI &
% i - Om — Om :S
s |~ Demagnetising amp - turns/pole = — X ZI, . ATq per pole =ZI X — kS
« 360 360 $
§ 21. Cross-magnetising AT per pole ;
§ The conductors lying between angles EOD and FOC constitute what are known as §
& distorting or cross-magnetizing conductors. Their number is found as under : §
& Total armature-conductors/pole both cross and demagnetizing = Z / P o
2 . 20 ®
& Demagnetizing conductors/pole = Z X ﬁ (found above) o
" "
& . y/ 26 1 20 K
¢ .~ Cross-magnetizing conductors/pole == —Z x =2 =7 (= — —= s
§ p 360 P 360 3
& . . 1 20 &
¢~ Cross-magnetizing amp-conductors/pole = ZI (— — —m) S
kS P 360 K3
(- (-
(- (-
s - 1 Om s
% Cross-magnetizing amp-turns/pole = ZI 5 360 K3
§ (Remembering that two conductors make one turn) §
& 1 0 &
$ .~ ATc/pole = ZI (— — —m) %
& 2P 360 kS
& (-
& (-
& (-
& (-
& (-
() ()

e Ao e
<%
at rat
(3 L7 ()
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& Note. (i) For neutralizing the demagnetizing effect of armature-reaction, an extra number %
& of turns may be put on each pole. &
s ATg4 3
% No. of extra turns/pole = —for shunt generator %
Ish
(3 ATy . "
% =7 —for series generator %
& If the leakage coefficient A is given, then multiply each of the above expressions by it. *
§ (i) If lead angle is given in electrical degrees, it should be converted into mechanical :
% degrees by the following relation. ¥
Eg 0 R Belectrical or 0 R Belectrical - 20¢lectrical Eg
§ (mechanical) T (mechanical) p/2 p §
& 22. Compensating Windings S

% These are used for large direct current machines which are subjected to large fluctuations
% Inload i.e. rolling mill motors and turbo-generators etc. Their function is to neutralize the

& cross magnetizing effect of armature reaction. 1~ 5
& These windings are embedded in slots in the pole ¢ NlN Compensiing &
% shoes and are connected in series with armature in /5.7 e 7 B
¢ such a way that the current in them flows in ///¥ & % % .
¢ opposite direction to that flowing in armature S [ () | S| 8
§ conductors directly below the pole shoes. An 1. % Ny :
§ elementary scheme of compensating winding is —N i s :
% shown in Figure (60). "L C ‘lf‘ N $
S Figure (60) S
§ It should be carefully noted that compensating winding must provide sufficient m.m.f so §
% as to counterbalance the armature m.m.f. s
 Let K
¢ Z.=No. of compensating conductors/pole face §
¢  Z, = No. of active armature conductors/pole, §
¢ |, = Total armature current 8
§ I./A = current/armature conductor §
§ | Zela=Za (I4/A) or Zo = Zi/A
; Owing to their cost, the compensating windings are used in the case of large machines §
; which are subject to violent fluctuations in load and also for generators which have to §
§ deliver their full-load output at considerable low induced voltage as in the Ward-Leonard §
§ set. §
3 A i3
o
S kvd ‘3
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& 23. No. of Compensating Windings i
¢ No. of armature conductors/pole = 5 S
¢ No. of armature turns/pole = — <
K 2p K
¢ -~ No. of armature-turns immediately under one pole, %
Eé Z pole arc Z %
=— X ————=0.7 X —— (approx)
% 2p' po_le pltch 2p %
¢ - No. of armature amp-turns/pole for compensating winding, %
" "
K Z x
kS = 0.7 X — = 0.7 x armature amp-turns/pole S
& 2p &

% | Example 33: A 4-pole generator has a wave-wound armature with 722 conductors, and it |
% | delivers 100 A on full load. If the brush lead is 8°, calculate the armature demagnetizing %

: and cross-magnetizing ampere turns per pole. :
: Solution: :
% 1=1,/2=100/2=50A;Z="722; 0y =8° %
3 0 8 R
s ATg/pole=ZI x — =722 x 50 x — =802 (3
R 360 360 &
kS 1 0 1 8 kS
§ AT/ pole =2z (— - —m):722x50x(— - —):37/8
K 2P 360 2x4 360 K
¢ | Example 34: An 8-pole generator has an output of 200 A at 500 V, the lap-connected S
& | armature has 1280 conductors, 160 commutator segments. If the brushes are advanced 4- §
§ segments from the no-load neutral axis, estimate the armature demagnetizing and cross- §
§ magnetizing ampere-turns per pole. §
¢ Solution: $
& 1=200/8=25A,Z=1280,0,=4x360/160=9°;P=8
" 3
& 0 *
§ ATq/pole=ZI x 3¢5 = 1280 x 25 x (9/360) = 800
§ 1 Om 1 9 §
% ATc/pole=ZI|— — —)=1280x 25X |— — —) =1200 %
8 2P 360 2x8 360 8
§ Example 35: A 4-pole wave-wound motor armature has 880 conductors and delivers 120 §
§ A. The brushes have been displaced through 3 angular degrees from the geometrical axis. §
§ Calculate (a) demagnetizing amp-turns/pole (b) cross- magnetizing amp-turns/pole (c) the §
§ additional field current for neutralizing the demagnetization of the field winding has 1100 §
¢ | turns/pole. o
¢ Solution: 8
% Z=2880;1=120/2=60 A ; 0=3°angular %
S "
3 GAg &
& p Oy &

Ay2
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¢ (a) ~ AT4=880x60x— =440 AT kS
K3 360 kS
(3 1 3 &
£ (b) - AT.=880 x 60 X (— - —) - 6,160
s 8 360 §
: or Total AT/pole =440 x (60/4) = 6600 :
% Hence, §
% ATc/pole = Total AT/pole — ATq4/ pole = 6600 — 440 = 6160 &
% (c) Additional field current = 440/1100 = 0.4 A. ¥

% | Example 36: A 4-pole lap-wound Generator having 480 armature conductors suppliesa | %
¢ | current of 150 Amps. If the brushes are given an actual lead of 10°, calculate the | &

¢ | demagnetizing and cross-magnetizing amp-turns per pole. S
¢ Solution: 8
& 10° mechanical (or actual) shift = 20° electrical shift for a 4-pole machine. s
¢ Armature current = 150 amp 8
% For 4-pole lap-wound armature, number of parallel paths = 4. K
& Hence, conductor-current = 150/4 = 37.5 amps. &
& 1 (480x37.5 &
¢ Total armature amp-turns/pole = 5 X {480x375) _ 2250 %
& . 2x20 %
% Cross — magnetizing amp turns/pole = 2250 x | 1 - 50/ = 1750 %
& Demagnetizing amp turns/pole = 2250 x (2 x 20°/180°) = 500 S
¢ | Example 37: A 4-pole generator supplies a current of 143 A. It has 492 armature | §
& conductors (a) wave-wound (b) lap-wound. When delivering full load, the brushes are ;
§ given an actual lead of 10°. Calculate the demagnetizing amp-turns/pole. This field §
& | winding is shunt connected and takes 10 A. Find the number of extra shunt field turns §
% | necessary to neutralize this demagnetization. s
¢ Solution: K3
k3 3
3 6 3
& Z=492:0,=10°; ATq/pole = ZI x -
o 360 *
¢ 1a=143+10=153A; | = 153/2 ... when wave-wound
K = 153/4 ... when lap-wound K
% 153 _ 10 ¥
§ (@) - ATy / pole =492 x — X3g5 = 1046 AT §
s Extra shunt field turns = 1046/10 = 105 ( approx.) s
& 153 _ 10 &
K3 = —_— — = 8
i (b) AT4/ pole 4_92 X =~ X355 523 i
8 Extra shunt field turns = 523/10 = 52 (approx.) &
& =
& 6
& o
& o
S "
3 vAg &
§ p Dy &

Ay2
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s | Example 38: A 4-pole, 50-kW, 250-V wave-wound shunt generator has 400 armature |
¢ | conductors. Brushes are given a lead of 4 commutator segments. Calculate the | ¥
% | demagnetization amp-turns/pole if shunt field resistance is 50 Q. Also, calculate extra |

% | shunt field turns/pole to neutralize the demagnetization. R
& Solution: &
& Load current supplied = 50,000/250 = 200 A s
§ lsh =250/50=5A ~ 1,=200+5=205 A §
& Current in each conductor | = 205/2 A s
& No. of commutator segments = Z/A  where A =2 ... for wave-winding K
: = No. of segments = 400/2 = 200 ; 6 = (4/200) x 360 = (36/5) degrees :
& _ 205 36 _ _ATq &
& =~ ATq/pole =400 x > XT2360 - 820 AT, Extra shunt turns/poles = =164 K
& X Isn $

% | Example 39: Determine per pole the number (i) of cross-magnetizing ampere-turns (ii) of | %
& | back ampere-turns and (iii) of series turns to balance the back ampere-turns in the case of a | %
% | d.c. generator having the following data. 500 conductors, total current 200 A, 6 poles, 2- | %

% | circuit wave winding, angle of lead = 10°, leakage coefficient = 1.3 :
¢ Solution: s
$  Current/path, I =200/2 = 100 A, 6 = 10° (mech), Z = 500
kS 1 Om 1 10 kS
& (a) ATc/pole =ZI (— — —) =500 x 100 (— — —) =2,778 S
¥ 2P 360 2x6 360 R
¢ (b) ATq/pole =500 x 100 x (10/360) = 1390 &
§ ) ) ATy Egi
& (c) Seriesturns required to balance the ATy are = A x = 1.3 x(1390/200) =9 &

% | Example 40: A 22.38 kW, 440-V, 4-pole wave-wound d.c. shunt motor has 840 armature | §
% | conductors and 140 commutator segments. Its full-load efficiency is 88% and the shunt | &
% | field current is 1.8 A. If brushes are shifted backward through 1.5 segments from the |

§ geometrical neutral axis, find the demagnetizing and distorting amp-turns/pole. §
¢ Solution: 18 A 57.8 A &

§ The shunt motor is shown diagrammatically in Figure (61). ’—<—"4l §
%  Motor output =22,380 W ; = 0.88 1 s

% = Motor input = 22,380/0.88 W

8 _ 22,380 3
& Motor input current (I) =——————=57.8 A $
o 0.88 X 440 i
% lsh =18A;la=1—-1s =57.8-1.8=56 A bog
¢ Current in each conductor = 56/2 = 28 A Figure (61) $
& 0=1.5x(360/140) = 27/7 degrees &
& ¢y
% ~ ATgy/ pole =840 x 28 x =252 R
3 7 X360 3
& 1 Om 1 27 &
s« AT /pole=Zl{— — —)=840x28x (= — = 2,688 :
& 2P 360 8  7x360 8
SAg
$ pDg s
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% | Example 41: A 400-V, 1000-A, lap-wound d.c. machine has 10 poles and 860 armature | %
% | conductors. Calculate the number of conductors in the pole face to give full compensation |

% | if the pole face covers 70 % of pole span. 5
: Solution: :
S . . pole arc S
« AT/pole for compensating winding = armature amp-turn/pole x ————— %
& pole pitch %
& yA| R
. =0.7x—= 8
& 2P §
& Here | = current in each armature conductor = 1,000/10 =100 A %
Z=860;P =10
: =~ AT/pole for compensating winding = 0.7 x 860 x (100/(2 x 10)) = 3,010 :
s 24. Commutation K
¢ The currents induced in armature conductors of a d.c. generator are alternating. To make

% their flow unidirectional in the external circuit, we need a commutator. Moreover, these
& currents flow in one direction when armature conductors are under N-pole and in the %
% opposite direction when they are under S-pole. As conductors pass out of the influence of a %
% N-pole and enter that of S-pole, the current in them is reversed. This reversal of current
% takes place along magnetic neutral axis or brush axis i.e. when the brush spans and hence
% short circuits that particular coil undergoing reversal of current through it. This process by %
% which current in the short-circuited coil is reversed while it crosses the M.N.A. is called
« commutation. The brief period during which coil remains short-circuited is known as
& commutation period Te. S
& If the current reversal i.e. the change from + | to zero and then to — I is completed by the %
% end of short circuit or commutation period, then the commutation is ideal. If current ¥
% reversal is not complete by that time, then sparking is produced between the brush and the %
% commutator which results in progressive damage to both. %
¢ The main cause which retards or delays this quick reversal is the production of self-
¢ induced e.m.f. in the coil undergoing commutation. This self-induced e.m.f. is known as %
¢ reactance voltage. This voltage, even though of a small magnitude, produces a large
s current through the coil whose resistance is very low due to short circuit which causes

rat rat
(2 (D
rat rat
() H e
& severe sparking at the brushes. (3
3 3
rat rat
0 b
0 0
b 0
b 0
0 0
b 0
b b
0 b
0 b
6 0
b 0
b b
b b
b 0
at rat
k3 A 3
at rat
(3 oy (3
<%
at rat
b L35 b
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§ 25. Methods of Improving Commutation §

% There are two practical ways of improving commutation i.e. of making current reversal in

% the short-circuited coil as sparkles as possible. These methods are known as, &
K (i) resistance commutation (consists of replacing low-resistance Cu brushes by &
s comparatively high-resistance carbon brushes). s

& (if) e.m.f. commutation (In this method, arrangement is made to neutralize the reactance %
3 voltage by producing a reversing e.m.f.( e.m.f. in opposition to the reactance voltage ¥§
& and if its value is made equal to the latter in the short-circuited coil under commutation,
S it will completely wipe it off), thereby producing quick reversal of current in the short- %
& circuited coil which will result in sparkles commutation. The reversing e.m.f. may be
(3 produced in two ways which is done with the help of either brush lead or interpole,

5 usually the later). s
% Main %
:g . L Poles [g
% 26. Interpoles or Commutating poles or Compoles " <\ R
&t . = . el B B e &
¢ These are small poles fixed to the yoke and spaced in between ’/Q |/ AN &
% the main poles. They are wound with comparatively few heavy — //  ~—— 7 §\\ &
: gauge Cu wire turns and are connected in series with the | s| [ & | |s | :
: armature so that they carry full armature current. Their '\ /;-\“"' — )/ :
& polarity, in the case of a generator, is the same as that of the " ? A
% main pole ahead in the direction of rotation (Figure (62)). A K
3 —E &
& “— Interpoles (]
§ Figure (62) 8
& The function of interpoles is: s
¢ (i) Improve the commutation. As their polarity is the same as that of the main pole «
« ahead, they induce an e.m.f. in the coil (under commutation) which helps the §
§ reversal of current (neutralizes the reactance e.m.f. thereby making commutation §
s sparkles). @
& (if) Another function of the interpoles is to neutralize the cross-magnetising effect of %
% armature reaction. Hence, brushes are not to be shifted from the original position. %
(] (-
(] (-
(- (-
(- (-
(- (-
(- (-
(- (-
(- (-
(- (]
(- (-
(- (-
(- (-
(- (-
(- (-
(- (-
(- (-
(- (-
(- (-
(- (-
(- (-
(- (-
(] (-
& (]
& (-
& (]
& (]
& (]
& (-
& (-
& (-
e e
Eg vAd Eg
3 p Sy i
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: Tutorial Problems (2) ‘
: [1] Calculate the demagnetizing amp-turns of a 4-pole, lap-wound generator with 720 :
: conductors, giving 50 A, if the brush lead is 10° (mechanical). [250 AT/pole] :
: [2] A 250-V, 25-kW, 4-pole d.c. generator has 328 wave-connected armature conductors.

% When the machine is delivering full load, the brushes are given a lead of 7.2 electrical &
& degrees. Calculate the cross-magnetizing amp-turns/pole & demagnetizing amp.turn/pole. %

: [1886, 164] :

% [3] An 8-pole lap-connected d.c. shunt generator delivers an output of 240 A at 500 V. The %
s armature has 1408 conductors and 160 commutator segments. If the brushes are given a
¢ lead of 4 segments from the no load neutral axis, estimate the demagnetizing and cross- ¥

% magnetizing AT/pole. [1056, 1584] R
: [4] A 500-V, wave-wound, 750 r.p.m. shunt generator supplies a load of 195 A. The :
% armature has 720 conductors and shunt field resistance is 100 Q, P=4. &

% Find the demagnetizing amp-turns/pole & crossmagnetizing amp-turns/pole if brushes are %
% advanced through 3 commutator segments at this load. Also, calculate the extra shunt field

&« turns required to neutralize this demagnetization. [600, 8400, 120] &
3 S

¢ [5] A 4-pole, wave-wound generator has 320 armature conductors and carries an armature
& current of 400 A. If the pole arc/pole pitch ratio is 0.68, calculate the AT/pole for a %

¢ compensating winding to give uniform flux density in the air gap. [5440] s
3 3
3 "

% [6] A 500-kw, 500-V, 10 pole d.c. generator has a lap-wound armature with 800 ¥
% conductors. Calculate the number of pole-face conductors in each pole of a compensating %

rat - - - - 5
& '8!
& winding if the pole face covers 75 percent of the pitch. [60 conductors/pole] &
& &
b .q
& .q
8 &
& &
& &
& &
& &
& &
& &
& &
& &
& &
& &
& &
& &
& &
& &
& &
& &
& &
& &
& &
& &
% &
% &
% &
% &
& &
b &
b &
b &
b &
b &
b &
% A 3
(3 A &
s =)= i3
& LA K
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