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| LAP WINDING




LAP WINDING AND WAVE WINDING

Lap Winding
u’l::oendsofead\mhmecoilmcomectedto adjacent segments on the
comm: I' SO that the tot: mber o ':m ‘.0 4 to
of poles. That is, for LAP winding A = P. This ; etters
A that s g This may be remembered by the letters

Wave Winding

The ends of each armature coil are connected to commutator segments some
dustance apart, so that only twomrallelpaﬁ.'sgreprovidedbetween the positive
and negative brushes. That is, for WAVE winding A= 2 -
In general, the lap winding is used in low-voltage, hi_gh-qu.nmt machunes,
and the wave winding 1s used in high-voltage, low-current machines.
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WINDING PROGRESSES ,WINDING RETROGRESSES




EQUALIZER RINGS

Equalizer Rings

Dissymmetry in the pole structure

Uneven flux per pole

Unequal paraliel path emf's

Circulating current through brushes

Sparking commutation




USES OF LAP WINDING

Uses of Lap Winding

Parallel coills = Higher operating
currents




WAVE WINDING
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| PROGRESSIVE WINDING,RETROGRESSIVE WINDING

_+1 : . T
— for simplex progressive winding.
P/2




DUMMY COILS

Combination of slots and conductors to
be maintained

-

Practically impossible




DUMMY COILS




USES OF WAVE WINDING

Uses of Wave Winding




LAP WINDING AND WAVE WINDING

Lap Winding Wave Winding




ARMATURE REACTION

Armature Reaction

In DC Generator the armature current induces the armature flux and
the main poles induces the field flux. The effect of armature flux on the
main field flux is known as the armature reaction.

Original Flux Neutral Plane Resultant flux Neutral Plane
New Plane




ARMATURE REACTION

Armature Reaction

The armature reaction has two effect on the main field.
* The armature reaction distorted the main field.
* |t demagnetised or weakens the main flux.

—

Original Flux Neutral Plane Resultant flux Neutral Plane
New Plane




GNA ,MNA

GNA - The geometrical neutral axis is perpendicular to the stator
field axis .

MNA - The axis through which no EMF induces in the armature
conductor such type of axis is know as the Magnetic Neutral Axis.

MNA  GNA

Magnetic Neutral Axis



Case 1: When no load is connected to the machines.

Rotating Magnetic Field

The brushes always
placed along the axis
of magnetic neutral
and hence the this axis
is called axis of
commutation.

Main Pole Magnetic
Neutral Plane




Case 2: The armature conductor carrying current and no current flows
in the field coils.

Rotating Magnetic Field

Brush Axis




Case 3: Field Current and armature current acting simultaneously.

Original Flux Neutral Plane Resultant flux Neutral Plane
New Plane

Original Resultant flux
flux neutral / neutral plane
plane ‘-4‘ /  (NewMNA)
£
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EFFECTS OF ARMATURE REACTION

Effects of Armature Reaction

1. The effect of total flux reduction in the armature reaction is known
as the demagnetising effect

2. The waves of the flux is distorted and the position of the magnetic
neutral axis is shifted. In case of generator the MNA mowes in the
direction of the rotation of generator and it rotates in the opposite
direction of the motor.

3. The armature reaction established the flux in the commutation or
neutral zone. The armature reaction in the zone causes the
commutation problem.
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DC GENERATOR SYMBOL

Symbolic Representation of D.C. Generator

The armature is denoted by a circle with two
brushes. Mechanically it is connected to another
device called prime mover. The two ends of
armature are denoted as A; - A, The field
winding is shown near armature and the two
ends are denoted as F; - F,. The representation P.M.
of field vary little bit, depending on the type of  Prime mover
zenerator. ' A2 i

Fig. 3.1.1 Symbolic representation of
d.c. generator

The symbolic representation is shown in the
Fig. 3.1.1. Many times an arrow (T) is indicated

aear armature. This arrow denotes the direction of current which induced e.m.f. will set

ap, when connected to an external load.

Key Point B&dag practibdl ‘genemt‘o'r needs a prime mover to rotate its armature. Hence to -
avoid complexity of the diagram, prime mover need not be included in the symbolic

venvesentation of generalor.



| DC COUPLED MACHINES




‘ METHODS OF EXCITATION

Methods of Excitation

; The field winding is also Cﬂlledexczt!ng‘w{ndzng and current carried by the
field winding is called an exciting citrrent.= = v - |
Thus supplying current to the field

winding is called excitation and the way of
supplying the exciting current is called method of excitation.

There are two methods of excitation used for d.c. generators,

1. Separate excitation 2. Self excitation.

Depending on the method of excitation used, the d.c. generators are classified as,

1. Separately excited generator 2. Self excited generator.

In Separately excited generator, a

separate external d.c. su
exciting current through the field wind

PpPly is used to provide
ing.

The d.c. generator produces d.c. voltage. If this generated voltage itself is used to
excite the field winding of the same d.c. generator, it is called self excited generator.



When the field winding is supplied from external, se
of field winding is separate then the generator

Schematic representation of this type is

The field
winding of this
type of generator
has large number
of turns of thin
wire. So length of
such winding is
more with less

cross-sectional

area. So resistance of this field w

SEPERATELY EXCITED GENERATOR

Separately Excited Generator

D.C. supply

+

|
I
|
|
I
o— |
|
!
L

parate d.c: supply i.e. excitation

is called separately excited generator.
shown in the Fig. 3.3.1.
I = I

Ii . —— -

+

+
v. ) Terminal
vollage

—
(@)
>
O

Fig. 3.3.1 Separately excited generator

inding is high in order to limit the field current.



VOLTAGE AND CURRENT RELATION

Voltage and Current Relations

The field winding
voltage and resistance

Te AR AANANA LUALLITILL.

is excited Separately, so the field current depends on supply
of the field winding.
For armature side, we can see that it is

supplying a load, demand
of I; at a voltage of V, which is called terminal voltage.

Now i L, = IL*\

ing a load current

ature winding, due to armature
O0Ss armature winding equal to [
along with the terminal voltage V.,

winding resistance R, ohms, there is a voltage drop acr
R, volts. The induced e.m.f. has to supply this drop,
a

To keep 1, R, drop to minimum, the resistance R, is designed to be very very smagl-l :2
cci)d't(zolrjl ?o fhis drop, there is some voltage drop at the contacts of the brush c
a 1 ’

h ntact drop. But this drop is negligible and hence generally neglected. So in all,
co :
:)I::ilzced e.m.f. E has three components namely,

i) Terminal voltage V,
ii) Armature resistance drop I, R,
ii

iii) Brush contact drop Vp,ush




So voltage equation for separately excited generator can be written as,

E = Vif"'laRé"'th

OPNZ
h T
where G0 A

Generally Vi, i neglected as is negligible compared to other voltages.



PROBLEM

5 - Separately esxes
st fuil load. If the brusiy drop ic > V4 v cx;at::
= ey raesh

generator.
Solution : Consider Separately excited
generator as shown in the Fig. 3.3.2.
Ia = IL

Note that 250 V, 10 xw Zenerator
means the full load capacity of generator
is to supply 10 KW load at a terminal

voltage V, = 250 V.
- Vi = 250 V and P = 10 kW

L 4

Senerator has an induced e.m_f. of 255 v
calculate the armalture resistarnce of the

--. As separately excited

There are two brushes and brush drop is 2 V/brush ie. Vi, =2 X2 =4V
E = 255 V on full load

. 10 <103

.o Ia —— IL = 40 A

Now E = V, +I, R, + Vgmush

E = 250 + 40 xR, + 4
i.e

= 255 = 250 + 40 R, + 4

but
R,

= 0.025 Q2



SELF EXCITED GENERATOR

Self Excited Generator

. When the field winding is supplied from the armature of the generator itself they
fs said to be self excited generator. Now without generated e.m.f., field cannot be excited
in such generator and without excitation there cannot be generated e.m.f. So one may
obviously wonder, how this type of generator works. The answer to this is residua
magnetism possessed by the field poles, under normal condition.

Practically though the generator is not working, without any current through field
winding, the field poles possess some magnetic flux. This is called residual flux and the
property is called residual magnetism. Thus.when the generator is started, due to such
residual flux, it develops a small e.m.f. which now drives a small current through the
field winding. This tends to increase the flux produced. This in turn increases the
induced e.m.f. This further increases the field current and the flux. The process is
cumulative and continues till the generator develops rated voltage across its armature.
This is voltage building process in self excited generators.

Based on how field winding is connected to the armature to derive its excitation, this
type is further divided into following three types.

i) Shunt generator ii) Series generator iii) Compound generator.
Let us see the connection diagrams and voltage, current relations for these types of

generators.



SHUNT GENERATOR

Shunt Generator

When the field winding is connected in parallel with the armature and the
combination across the load then the generator is called shunt generator.

The field winding has large number of turns of thin wire so it has high resistance.

Let Ry, be the resistance of the field winding.

Voltage and Current Relations leh |
L
From the Fig. 3.5.1, we can write Fy &
s LoAD] (V
la’ = IL.'+ Ish Fy :: _‘
Now voltage across load is V, which is same
across field winding as both are in parallel with each _
other. Fig. 3.5.1 Shunt generator

Ak
B

While induced e.m.f. E, still requires to supply voltage drop IR, and brush contac
drop.

B Vt+IaRa+me||

] _ OPNZ
where E = A

In practice, brush contact drop can be neglected.



PROBLEM

A 20 kW, 200 v shunt
a shunt field resistance of 200 . Cal

(j& delivers rated output.
Solution : The generator is shown in the Fig. 3.5.2.

la = Ia+1p L .
V, = 200V ' Lan 1
P =20 kW
sh
20 x103 = 200 x I ooV [oenl
Ra
I, = 100 A 0.050 !
N 200 -
= Ish = ﬁ_th_ =200 2 Fig. 3.5.2
S
S I, = I4+1, =101 A
Now E = Vg +JIgR, =200+ 101 x0.05:= 202.05 V

Thus the power developcd in the armature is
— 205.05 x 101 = 20.71005 kKW

Pa — E x Ia AL = s a2l lmll;tiﬂ' T‘n’fnoe iS



SERIES GENERATOR

Series Generator

When the field winding is connected in series with
the armature winding while supplying the load then the
generator is called series generator. It is shown in the
Fig. 3.6.1.

Field winding, in this case is denoted as S; and S..
The resistance of series field winding is very small and
hence naturally it has less number of turns of thick
cross-section wire as shown in the Fig. 3.6.1.

Let R__ be the resistance of the series field winding.

Voitage and Current Relations Fig. 3.6.1 Series generator

As all armature, field and load are in series they carry the same current.

" L= I. =1

where I.. = Current through series field winding.

Now in addition to drop LR, , induced e.m.f. has to supply voltage drop across
series field winding too. This is I, R,. i.e. I,R,. as I, = I_.. So voltage equation can be
written as,

- E=vt+laRa+IaRse+vbmSh
; E = V,+ L (R, + R.) + Vprueh

= OPNZ
where - T 60 A e N




PROBLEM

A d.c. series generator has armature resistance of '0.5 th f:Zldszzrucz; lj:ie;i
resistance of 0.03 Q. It drives a load of 50 A. If it has 6 tums/c?zl an~ lo ol
5. arpmat ;re and is driven at 1500 r.p.m., calculate the terminal aojafle S .
;;jsuaz L;n;oles, lap type winding, flux per pole as 2 mWb and total brush drop as 2V.

Solution : Consider the series generator as shown in Fig. 3.6.2.
R, = 059, R, =0.03Q
Voush = 2V

N = 1500 r.p.m. Total coils are 540 with ¢ turns / coil,
. Total turns = 540 x 6 = 3949
. Total conductors Z = 2 x Typpg = 2 % 3240 = 648

g _ 9PNz
~ 60A
For lap type, A = P
and ¢ = 2mWb=2x10-3 wp

21078
g = 2X%X10 ><1500><6480=324V
60
E =V, 1 (R tR.'S Virush
where I, =1 =50 A
: 324 = V; +50 (0.5 + 0.03) + 2

Fig. 3.6.2

... Total Virush given



SHUNT AND SERIES FIELD WINDING

Comparison between Shunt and Series Field Winding

Sr. No.

Shunt field winding

The resistance is high

The cross-sectional area 1s small thus wire

is thin,

The length is more thus has large number
ol turns,

The current rating is low.
Always connected in parallel with the
armature,

Series field winding
—
Resistance.1s low,

The cross-sectional area is more thus wire
is thick.

The length is small thus has less number
of turns,

S—

The current rating is high.

Always connected in series with the
armature.




LONG SHUNT COMPOUND GENERATOR

Long Shunt Compound Generator

I
In this type, shunt field winding is -
connected across the series combination of Igy,
armature and series field winding as shown in
the Fig. 3.7.1. F
Voltage and current relations are as c 0
follows. 2
I
From the Fig. 3.7.1,
L = L
o : Fig. 3.7.1 Long shunt compound
and B e ! generator
Voltage across shunt field winding is V, .
v .
] vt
i e
{ e
where R, = Resistance of shunt field winding.

And voltage equation is,

E = vl“'laRa"'laRse*'vhmshJ

Resistance of series field winding.

where Ree =



SHOT SHUNT COMPOUND GENERATOR

-
Short Shunt Compournd Cenarat
or

’ -, -
in his Py, ahiuans Fie-led R——
crarinee tesey, cely LT thie - %23 I
> ‘ ° = sr ErrSs v re =
€ /'lltv]lr.y' serien field wiis cfing as sk =5 - :.:
the Flge 2.7.2 . B8 WY in A 3.3 i
8 I o |
. Py %‘. e |
Verltasguaes arict CrIrre-ny relstiorin = . e | dr, | -
foticn. SRS S @
= .
Fer the § igz. 3. 7.2, - :é ' i
= i
"“ "' . ,*..‘ ‘? #z 4 /
I |
aned ! T L2 /
oo t
i X — - Fig. 2.7.2 Short shunt compounct
generator

only and not

Ihe: drop acroms shunt field winding is drop scross the srmature

1t V, | in this case. So drop across shont field winding is E — I_ R_.

‘g, = F‘-".R. :
- Pz 1
Now the voltagee eqgquation is E=V, + I, R, + T R __ + V...
- s =73
" — 'l- |

MNeglecting Vi o, ve can wirite,

- 3 R,

E _ Ve + 1, ¥,
B -1, ", Ve + I R,
- | Vi L H e ‘
e ey T

HAny of the vowo above X pressions of I,
Yenververs wrehile solving the ’)Iublt-:n'.

can be

used,

depending on the quantities



Cumulative and Differential Compound Generator

It is mentioned earlier that the two windings, shunt and series field are wound on
the same poles. Depending on the direction of winding on the pole, two fluxes produced
by shunt and series field may help or may oppose each other. This fact decides whether
generator is cumulative or differential compound. If the two fluxes help each other as
shown in Fig. 3.7.3 the generator is called cumulative compound generator.




\ ¢T

Qch *+ e

I

where ¢ = Flux produced by shunt.

L

If the two windings are wound in such a direction that the fluxes produced by the,,
oppose each other then the generator is called differential compound generator. This ;
shown in the Fig. 3.7.4.

Flux produced by series, field windings.

L

z

5
=
5

]

Flux produced by shunt field winding.

0.¢ = Flux produced by series field winding.
L__ Oce 1L_ Ose
e ‘ =+ Series q ~——— Series
L = E Shunt > Shunt
O—a—o }/ ')Gh osh
Cumulative compound generator Differential compound generator

Cie 2712
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