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2. The magnetic circuit has dimensions: Ac=4x4 cm’, L,
N'=600 turns. Assume the value of i = 6000 for iron,
B:=1.2 T and the corresponding flux and flux linkages.
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7. ) A depole, lap-wound de machine has 128 armaluve anduactor
cxeited Irom o de sounce B cveale nin aiv-gop flux of 22 mWh/pole. o
e machine (penevaloy)isyun from aprime mever (diesel engine) at 1600 rpm.

I supplies o curventof 100 A Lo an electvic [vad.

(i) Caleulate the clectve mmgneh‘c power dcvcluped.
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— [_‘q - é)ﬂ"z. x (P)
60 A

Eq = 32)([637( 1(;00x~r_28 (A_
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E\EQJ'YU e develo = T
mw‘ame.l-tw power Aeve ped Eala
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= b2l x\o0
2R b2t kW

(i) What is the mechanica [ powar thatis fed from the prime mover to the generator?
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8 DYATS00 Kw, 600V, 16-pole, d.c genevator yuns at 200 rpm. What must be the useful flux
per pole,ifthere are 2500 lap-connected conductors and full load copper loss are 25Kw?
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18 Electrical Machines: Theory m:o. Practice

(d) Armature resistance = 0.2 Q
(&) Number of conductors = 660
(D Type of winding—wave
(2) Diameter of the pole shoe = 40 cm
(h) The length of the pole shoe is 25 cm and the pole subtends an angle of 55°
(i) Shunt field current is neglected
() Number of poles = 6
Determine the flux density in the air gap.
Solution
25000
Load current = ——
240
Armature current. /, = 104.17 A

=104.17 A

(since the shunt field current is negligible)

Generated emf = V + [,r,

=240 + 104.17 x 0.2
=240 + 20.834
=260.834 V

260.834
Flux per pole. ¢, ng

[¥|pai
660 X — x —
60 2

Pole shoe arc = 7D x h
360
55

= 40x1072x—=0.192m
x 360

-

Pole shoe length = 25 x 10~ m
Pole shoe area = Pole shoe arc X Pole shoe length
=0.192 x 25 x 1072
=4.8x 102 =0.048

0.016 "
Flux density in the air gap =——=0.33 Wb/m*

i.6 ARMATURE REACTION IN DC MACHINES

Now the question arises whether the voltage drop in the dc machine (as discussed in Section

DC Machines 19

].5) is on account of the armature resistance alone, or is there any other factor involved as well.

The other factor which is responsible in part for the reduction in voltage of the machine is the
armature reaction. In other words, there is some reaction from the current-carrying armature ™
conductors which is partly responsible for the drop in the voltage of the machine.

There are two primary mmfs or fluxes operating in the dc machine. One is m:mgm(

F,, produced by the field windings wound on the N and S poles of the machine. The other is

“the”perpendicular armature flux F, produced by the current in the armature so:acsoa ﬁ_mmn

two fluxes are shown-in-Figure 1.17. The magnetic flux F, due to the flow of current Eacm_.

ihe armature no:azﬂo_.m SREmE 2:: mmm Bumsm:n mn_& Fp of Hﬂulnlm_mm f%o:

——

IR
Figure 1.17  Flux distribuitions of the main magnetic field of the poles and that 4 —
due to flow of current in armature conductors.

U;n to the interaction between F,, and F, the field flux entering the armature is not only
Em:ﬁna but also m:_m&\% his shift causes the magnetic neutral axis to be shifted nEmrfmwﬁ..l..
(e.g. in the direction of rotation of the generator which-is-also assumed clockwise) to a new |

vomEoz mm.E_m:msvou._:ozwm\nmﬁw:_mﬁmansa_naﬁnoﬁn_.mmc:mﬂ maE ﬁc/h.;m ’Inl
mnoan:_o axis remains at A4’". See Figure 1. _w/ -

_ " The effect of armature reaction Smﬁmoqm causes distortion of the main field flux as well. !1.‘

\
as m_:?sm of the magnetic neutral meJ,_.,sﬁ effect in tum also causes a reduction in the main _

field flux: \,::m reduction in main field zcx is R%ozwzn in part, for nﬁ e voltage ge drop in En

amor_sn as discussed in Section-1.5 9!

“Now, if the brushes remain on the original position of the magnetic neutral axis 44" as //.—
shown in Figure 1.17, the coil that is being commutated will undergo the greatest change in mFx
linkage compared to any other coil under the pole, as this position of the magnetic neutral axis ﬁ/—
(MNA) is now no longer at a point of minimum coil flux; It i is therefore obvious ﬂmﬂmyamuﬁ
must be shifted to the new position of the magnetic neutral axis BB’ 3 as shown in Figure 1.18, /_
in order to avoid sparking at the brushes due to voltage that will now be induced in the coil™ _
if the brushes remain at the position A4’ Al the new magnetic neutral axis position B, the

- L&
magnetic field due to the armature S_:g/ﬁ will be ,..Emng E shown in TqE.m :c _

L.




-k M. tcal Machinas: Theory and Practice

Figure 1.18 The shift of the magnetic neutral axis.

7, can now be subdivided into two components, i.e. £

and FL Fi 18 n.. ectly opposite to the main magnetic field ﬁ\
eaies the same fmpact as the cross magnetizing field.

FES w.wn_ &d that by shifting brushes to the actual mag-

ral axis, some demagnetization effect of the main F, ¢
¢ field occurs. .

[
ﬁ
('U f\

Figure 1.19 Change in
direction of armature mmf due

to shift of brushes to new MNA.
Calculation of Demnagnetization and Cross Magnetization y ey e

1.6.1

~d [0V
As u Lo o e ek o0
Amperetarns per Pole b pe ik Aene T\,f uf W reon] pec
uﬁ;ﬁ,ﬂé VC;?mc/.,c.,

-

The demagne

.I|\I\||‘r/,.|'

ihe magnetic neutral axis can be mathematical analysed as follows. The conductors lying in the

‘l\"lllll\\l.l‘ll —_—

BOC and B'OC’ develop a Eﬁﬂﬂﬂ:n’s&_n:

e demagnetizing field, and the conductors
1 the zngles COB" and BOC” develop ampereturns

; c&a:ﬁ &wmﬁommudm@ﬂncw_:mﬁn_nm.oaﬂ:n_uo_a
of View of armature reaction (as shown in ﬂ_mc_.a 1.20).

Lzt us consider the following data:

Z = number of armature conductors ,/

# = dorward lead—10 magnetic axis from the
geometrical axis, in angular-degrees
1= current in each armature conductor /
i:w number of armature conductors within the
es BOC and B'OC” is

\ Figure 1.20 Development of 5
, demagnetizing field Ea\

o, cross-magnetizing field.

D6 tachines 21

effect and the cross-magnetizing effect due to the wr_m:._m of the brushes to

. 28
Total number of turns in the above case = —— Z
360
. 207
Total number of ampereturns in the above case = Iwa\

Hence, the demagnetizing ampereturns per pair of poles

20
=—17ZI
360 5y S &
Therefore, the demagnetizing ampereturns per pole - ﬁ?\p\\ . = AT J.\ —
P A vm .
-2 i
360
The cross-magnetizing conductors per pole
Z 26
=—-—Z
p 360 e
Hence the cross-magnetizing ampere conductors per pole | /-~ 7 .x o ﬁ\ P a \
Geapna- XS 7
# 1 2 ot
A Wn all -2 e
A p 360
Therefore, the cross-magnetizing ampereturns per polé e 0
4 Y
, 1 @ ‘ ’
o =212 30 _
2p 4 e\
Jyye ¢ 3] R
- T/ Ce e R3e
B s Al Hi bioo Lo}
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162 Compensating Winding © zL/L, - _, ko) ampbetun? |
. bo neaholiz e Tle avmesure NEo Cernperiaia

ZOE the n:am:cs arises as to_how we cane m__a::m:m the effect of armature reaction m

de _:mn_:_ﬁw vao:m_z, some extra ..:.S:m.nan-: 78 to be made_This arrangement is nothing

but ﬁSSQB a compensating i:&.:m on each pole shoe of the dc machine as shown in
Figure 1.21 The mode of ncann:mﬁ_zm winding is made such that it opposes the armatu

L axs Flatiof

reaction ampereturns as far as vOmm_c_k.:ﬁ compensating winding conductors are connec no_

in series with the armature conductors)/Hence, the current which will flow through the
compensating winding is the E_smaqoﬂcz‘m:oﬁmo the number of turns of the compensating
winding as required is designed such that this winding can oppose the armature reaction

msvmﬂm:_:z, Hence the number of ampereturns required for the compensating winding per

<
\

vo_o:_.n. ATcw/pole will be equal to )

/
@ polearc

armature ampereturns X ———— |
, pole pitch /
A ’ : .

Ala Q

s
/

~
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............ Al W2

L _u_,n*

To
L.

g-axis [

—0 3 ;j..d

- A{I& 2 o

Figure 121 Compensating winding. (o .,,ﬁ.y,., (

ad J

1Z pole arc
Hence v,y ATewlpole = — X ———
(Tw *owP 2ap pole pitch \

where .

2 = number of parallel paths through the armature winding / G

I = current carried by each armature conductor. /

But the problem is EB.,‘EE:W winding neutralizes enly the armature reaction-
mmf directly under the pole. In the interpolar zone, normally no compensation is-made-as The
effect of armature reaction in this zone is negligible. However, to make the system foolproof,

-we should have an interpole in the interpolar region as im_._\ ,Gm advisable to use a compensating

winding in each mierpolar region too, specially so in larde machines where heavy currents may

oceur Also in case of heavy load fluctuations in de motors, it is advisable to provide compensating

windings in the interpole regions as well. v

163 Commutation

The word commutation means the changes in current that take place in a coil during the period

of its short circuit by a brush. When the conductors under the influence of north pole come

under the influence of south pole, the direction of the current through the conductors will

aﬂwﬂwm. In Figures 1.22(a) to 1.22(e) the whole process of change in coil current from +30 A
10 =30 A is described. The described coil Q is undergoing the process of commutation.
Figure 1.22(z) shows the brush position on segment ¢ of the commutator. The current in coils
# and O is 30 A each and in coil R it is also 30 A but in the opposite direction. The current
through the brush is 60 A. In Figure 1.22(b) the commutator has moved a small distance so that
the brush is on segments p and g, thus partially shorting the armature coil Q. The current from
coil P begins 1o enter the commutator segment p, reducing the current in coil Q. In Figure
1.22(c) the coil ¢ is fully short circuited by the brush; consequently no current flows in coil
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¢

0. The current in coils 7 and R is each 30 A in opposite n:_.ma:.c:m. I'he o_\_:‘m:*ﬂ ;.”c_cmw: ,:__n_!ln
brush is 60 A. In Figure 1.22(d) the commutator has Eocnm m:ﬁ._ further mma. t m. ﬂ..mO:,, _m e
short circuits the coil ¢, this time setting up a current in coil O in :‘_w ovam:ﬂ _Hﬂnn :.&:all
Figure 1.22(¢), when the brush is on the commutator segment p, :.6 coil ¢ m_,_.o_\_V ﬂ .aanm ving <
the full current of 30 A in the opposite direction; it, however, carries only, say. 25 A due to w: o
emf of self-induction (as per Lenz’s law) that opposes the sudden reversal of current in coil 0.2~

) .. 2
13This emf of self-induction is called the reactance voltage because it reacts against the curre

; .ﬁ!

reversal in each coil undergoing commutation. ‘ 3 <

- - .‘*
30A 30A 30A 30A ww\;.y.\; Wn\\ll —
2 0 R N

15A 43A -

| .
[ p | q [ r — [ P [ q s [ r —

- : ] .

N . \ Brush | /] Brush &

/. ¥ f.wa,... , \(.....\\ :
LS — - 2N &
n/;\mm, ,_,,,.,/._/h-- (@) SR T ) —
A 30A 15A 304
(0 30A 0A 30A 3: . -
P 0 R P o R

30A 30A 45 A I13a -

[ 14 [ q I r — | p [ q r ="
Brush Brush P
(©) (d) —
—
&=
fl'll‘n

(e)

Figure 1.22 Different stages of commutation.

H H . . . . &
It is due to this reason, as shown in Figure 1.23, that the change in current in @ does nc.
follow the straight line locus a,a,, rather it follows a)a;. As a result, this difference of 3 ampere
x
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ent i the above example a Y \'\ :

! appears as an arc between the commutator and the brush as shown In the case ca\Fv;E:co commutation, the resistance between the commutator segmens

,.,.LZ ﬁ s obviously has a deterimental effect on the life of the de machine. To and the brushes is made high by providing carbon brushes. This helps to increase .Sm.qmwmssnnl

PR de ,4.5,,:::, from the above problem of commutation, an interpole is installed in each in the circuit and uonoa_:m_« the time constant L/R is reduced. Im:nn the cheinge 10 SiITEt

of the interpolar regions. \...I||.fi.|[,..%

during commutation becomes m_ﬂn_. The carbon brushes also :m_u to reduce commutator wear.

a Moreover, a carbon brush S\”M&_G replaced.
ﬂ i In the case of{voltage Commitation, the reactance voltage is neutralized by providing a
| +30A suitable polarity dynamical voltage into the commutating coil. Narrow interpoles or commutating
| — e e — - — ———
v " poles or compoles are provided for S_m.vcﬁommu in the .56501_@ Em@ (Figure 1.24). m_‘_._
" — Time P \\\Eﬁao_ow have a winding in series with the ma_mE_.G \»x
" — +25A \ e \IK .
T »J" 2 Iy ) y )\Ayﬁdo ) \.\ P
A 3'sA — (Arcing LY Main pole f ol
~ - ! a, I*I current) ta 5.
M ) Time of _ ,v )/.,no, .ﬁ.@(«ﬁ 9/.)(@
< commutation o = e B o Interpole Interpole
s o calle Aave (ommde fow. T n__wamg,,vbv o A !
Figere 1.23  Variation of current in 8__ c:nn_.moSn commutation from +30 A to —25 A. (¢« ) ~ Al ‘v
p?S__MTa VI P ol
g e AN - - )
Caiculation of r E N 3\{.@ Afn.._
We hsve ca [RENSN v
Ve have seen that when an Ermature coil undergoes commutation, there is a change in current 4¢§
11 the coil iTom 2 positive value 7 to a negative value —J. During .Embaﬁwmxo_u nosm_.ﬂ_mmg
(h¢ reactance voliage is developed as explained abo E,:._m expression for the reactance voltage
cen be derived as follows:
Reactance voliage = Coefficient of self inductance x Rate of change of current —
Time of commutation or short circuit - -
. Main pole
. Wy — Wy,
B V. Figure 1.24 Position of interpoles in a two-pole dc machine.
where . \ The mathematical expression for og::_:m@m interpole ampereturns required to cancel
Wy = width of the brush (1t \ (the armature reaction ampereturns)may be expressed as follows:
w,, = width of the insulation between the commutator segments =
v, = peripheral velocity of the commutator. Interpole ampereturns required = Armature ampereturns (peak) + W»nw_,
Total change of current during commutation -
—; py where
= B; = flux density in the interpolar air gap
21 ; = air-gap length between the interpole and the armature
Reactance voltage = L x ————— Ly = air-gap ke . P
Wp — Wy Ho = permeability of the air
Ve Armature reaction effect if not eliminated
Methods of oblaining good commutation ‘ If the effect of the armature reaction is ignored, then a large amount of &ﬂoBe: of field flux

There are two methods for achieving good commutation. .~

(a) Resistance commutation «~~

may occur along with the shifting of the magnetic neutral axis. Figure 1.25 describes the mmf{
distributions. When the brushes are placed on the geometric neutral axis, the armature mmf
distribution, the flux density distribution for armature mmft only, the tlux density distribution for

(b) Voltage commutation, main field only, and the resultant flux density distribution are all shown in Figure 1.25. The




DC Machines 27

brushes will be lying, on the peometric neutral axis. [n the interpolar region, there is also a I’“'?%‘-‘fr
air gap and that is why, a larger dip in the quardrature axis is observed in respect of the fluy
density distribution for armature mmf.

« \EXAMPLE 1.5 A 6-pole dc generator has lap-wound armature. The generator has 720
¥ ¢onductors. The current carried by the load is 55 A at full-load condition. If the brush lead is
10° determine the demagnetizing and cross-magnetizing ampereturns per pole.

Solution
Demagnetizing AT/pole A > e
9 7\‘ \ /A !{ "‘ (: - /
(7 AT, =ZI. x— > /47 Lo
H} R - &
L Sy ‘here 9 PP — s
Z = number of conductors = 1 ?_Di 0>
‘7/ I, = current per conductor ket e
LVO @ = brush lead _ '; ) \1’“ 277, .
Now, [ = % (" number of parallel path in lap winding = number of poles = 6)——
‘;‘ /’/ —
5 - -
AT, _720x-—5><-—lg—183 33
6 360 2P -
» \7 =% _ape =
Cross-magnetizing AT/pole SR VI U SV
g \ QUC P
' s —WA| L - g 5 A ¢3(~\ g r}'\";0 = ?7
e \“f” 2p 360 P
- Y/ R 55(1 10 ; =
\ % 7% T T =720 (—___J A ARTARS ©
o . A ){\D 6 (2x6 360 i -
) ¢ 5" = 10 —6600(0083—0028)—363

J” g

EXAMPLE 1. 6 A?90 kW 450 V, 4-pole dc shunt crenerator has a wave-wound armature of
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(b) A straight line OT, is drawn which represents the field cricuit resistance 80 Q.

. 9.7
Critical speed = N X MQ =850 % 57 =652 pm
PQ 130
(¢) Emf induced due to residual flux = 11 V (i.e. when the field current is zero)
Exa
Flux per pole =—————
= ZXNxp
- =0.0013 Wb
580 x @ X6

60

1.8 CHARACTERISTICS OF DC GENERATOR

C m%\z\\n

o e- \: .,)/‘./J.a.‘ uﬂ\v,«s\\/ e
g . . .V ~ / C/ ﬁwﬁﬂ\ﬂ/ ;) *gﬁ/ 2
(a) Exteral characteristics # - % L R (A X (% oD 18 Ao
) (b) Internal characteristics ™~ Iy Food wmeanle (fine

The graphical .Hmmwm.mamzo“ of the terminal voltage vs. the armature or load current of a
= dc generator is termed the max\_ngm_ characteristic of the dc generator. On the other hand, the
\ﬂwavanm_ representation o@ generated voltage vs. the load current is termed the internal
Z . - — = T = = A
"~ characteristic of the dc Smn_s:m.u

S -

el

(

1.8.1 Characteristics of Separately Excited DC Generator — )
r L) n
7 | Figurel1.32 shows the external characteristics of a separately excited de mnsn._.ma_.\? shows the

s

Y (

,.«ﬂ_«m: EE\WF the terminal voltage varies with the variation in load current :.w_m: zero to full-

load S:@j_o speed of rotation and the excitation current are kept constant The voltage drop
from the No-load characteristic to the external characteristic depends on the following Ensmv

\

. No load voltage
Armature reaction drop

o2 \
as S——— , RWE|

e Internal characteristic ¥ 7

2 . 'y
= . . It p

/o 2 —— Resistance dropin "

;s / Eg the armature

’ ° = N

‘. =) External characteristic .

E
&

s

v, 4] " -
Current (load current) PRRCANY
L

f Figure 1.32  Characteristics of separately excited dc generator.
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i ,?gsm_s.n reaction which produces a demagnetizing effect on the field flux. <
@N (byAn internal voltage drop produced by the resistance of the armature winding.

Em—— 5

Em@vmo&w describes the external characteristics of dc wmnm_.»sq._ :\nmmm of dc shunt generator,
the field circuit is connected directly across the armature. With the increase in the load ncm._.nsm.

the voltage drops as a result of armature reaction and intemal resistance of the armature n__.n_:ﬁ.
are increased and therefore the terminal voltage decreases;) ms.%n the field current decreases,/
As a resull, the terminal <m§mo drops further. {'fio-load the terminal voltage is the same as

the generated <o_sm®@_n effects of armafure reaction, armature circuit voltage drop, and

decrease in field current are all shown in Figure 1.33 against the increase in load current:

@..mb Characteristics of DC Shunt Generator —

(£pl=) -
~ Terminal voltage™ . i
Lo b e at no-load - A . -l
........... _w-:------l--J\ voltagedrop ~ ~'oe”
lllllllllllllll 7 — ety e
........ '~ Armarure resistance et
v et

Terminal load voltage or
armature voltage

Rated load current

e Figure 1.33  Characteristics of dc shunt senerator.

'Y T . b . S

> Sa) : :
@a effects of both the armature feaction and-the armature resistance voltage drop are

shown as dashed straight lines in Figure }33)

Ei.@ m,mmn %uramﬂmhnm represent linear voltage
H decreases directly proportional to the increase in load nE._,n% Thedrop owing to decreased field
: current is represented by the curved line, since it depends on the degree of field flux saturation
i at that value of ﬁ%z can be seen from Figure 1.33 that the terminal voltage decreases with
b load current only 10 a small extent up to its rated load current value. Thus, the shunt generator
L produces a fairly constant output voltage with application of load. If further application of load
g continues, it causes the generator to reach a breakdown point where the armature reaction effect
becomes so0 severe that the terminal voltage drops to a great extent and as a result, the generator
cannot draw any larger load current. The load current, in fact, also drops.

1.8
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(ix) From point uy a vertical line is drawn and that will intersect the line Nuy at us. The
point us will lie on the external characteristic. In a similar manner, the other points on
the external characteristic can also be drawn,

1.8.4  Characteristics of DC Series Generator —

50

Figure1-36-describes the characteristics of the dc series generator.[The curve (a) shows the )
open-circuit characteristic.) Curve (c) is the external characteristic of the dc_series generator.) o .F,
‘Curve (b) indicates the internal characteristic of the dc series mnsnszﬁﬁwﬁ\m the load current
s zero. the generated and terminal armature voltages are same, both being due to residual
magnetic mm_&\%%ozsmn build up of voltage takes place from the point when the load current —
flows S_.ocm.m the series field winding producing additional flux mra_:m the residual m:@q_mx
load current produces two voltage drops as shown in Figure™1536, thus limiting the voltage =
across the domﬁ_@m\wbnsna_& voltage is also reduced by the effects of armature reactio Mm‘%;
a result of voltage drops tending to decrease the generated voltage and the magnetizing Turrent
tending 10 increase the generated voltage, a maximum voltage is produced where the buildup
ceases. At this point the voltage drops of the series field and the armature as well as the voltage
drop due to armature reaction exactly counterbalance the increased flux produced in the series
field, and the terminal voltage therefore remains constant. Any further increase in load beyond
the maximum voltage point produces a sharply drooping characteristic as illustrated in Figure 1.36.
The reason being that the increased voltage drops and the increased armature reaction decrease
the load voltage at a much faster than the increase in generated voltage taking place by the

increased load current.

Terminal voltage

Overcompound
Cumulative
compound

.................  Flat-compound

] generators
\|\|/ Undercompound

Differential
compound generator

\ -

&
Rated load current

JE——

Load current

Figure 1.37 External characteristics of dc compound generator.

same as that of on no-load, then the dc generator is termed flat-compounded generator or level-
compounded mn:an:@@ thd series excitation becomes more prominent than that of the shunt
field, then the terminal voltage enhances with the _o%_. he generator is termed o,..nqnoauogn&d
? _/@_az the prominency of the shunt field is more, then the terminal voltage is reduced wi
increase in load and the compound dc generator is termed undercompounded dc generatory Tn~
case of the differential compound generator, the series field is connected such that its field
opposes the shunt :m@ F ww the differential compound generator, the terminal voltage drops very

Open-circuit quickly with the increase in load n:qas\ﬁu

charactenstic Drop due to

armature reaction

EX

==

(a) " Internal characteristic

&

~— Armature and b
(©) series field drop <

Voltage

~ 7~ External
characteristic

P

o

_

Load current

Figure-+36 Characteristics of dc series generator,
ey

1.8.5 Characteristics of DC Compound Generator / .

Ve T

Figure mm.\wJ describes the external characteristics of the dc compound generator. If the series
excitation of the compound generator is made such that the terminal voltage on full-load is the

datq-

——
th the

!

—_—



1.9 PARALLEL OPERATION OF DC GENERATORS

When the load is more than the rating of a single generator, then the generators are connected

in_parallel to meet the demand of load. For maintaining a reliable system with continuity of

service the parallel operation from that angle is also desirable. Over and above, for most
efficient operation, the parallel operation of generators is always essential.

1.9.1 Conditions Necessary for Parallel Operation of DC Generators

For parallel operation of dc generators, the following conditions need to be satisfied:

(a) The terminal voltage of each generator must be the same.

(b) The polarities of the generators must be same. -~
(c) The prime movers driving the generators must have similar and stable characteristics

from the point of view of rotation.
(d) The change in voltage with respect to the change in load must be of the same order

for all generators.

1.9.2 Procedure for Connecting DC Shunt Generators in Parallel

The generator G, is first connected to the load as shown in Figure 1.39. The generator Gy is
now 10 be connected in parallel with the generator G.
The procedure used to parallel one generator to another is as follows:
(a) Generator G, is speeded up by the prime mover until its rated voltage builds up. Then
the switch *S’ is closed.
(b) The excitation of the generator G, is adjusted until the reading of the voltmeter connected
across switch S, becomes zero.
(c) The switch S, is now closed.

DC Machines 47

Gewor

Bus bar
pd

Figure 1.39 Parallel operation of two generators.

(d) Now the two generators are in the floating condition since the voliage of both are the
same. The shifting of the load from the generator G, is then made to generator G>. The
field theostat resistance of generator G, is increased whereas the field rheostat resistance
of generator G, is decreased.

(e) Gradually the sharing of load by the two generators will occur.

Figure 1.40 describes the characteristics of two shunt generators working in parallel.

Voltage

Load current

Figure 1.40 Characteristics of shunt generators in parallel.

1.9.3 Parallel Operation of Compound Generators

The main problem of parallel operation of compound generators is instability. Suppose, one of
the generators begins to deliver more load current than what it was actually delivering. The
field of this generator will be strengthened, causing an increase in its generated voltage. Since
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E=T110 Ir, for a constant terminal voltage V, the pencrator will start to take more load current.
When the load is fixed, the other generator will then take less load. So its field will be weakened
and the load current will be reduced further. If this process continues, one generator will take
all the load and the other generator will not deliver any load current. Finally, the unloaded
generator will acts as a motor to the other heavily loaded generator. Thus an instability will
oceur in the system. This condition should not be allowed. To avoid this situation, an equalizer
is connected to the armature side of the series ficld on the side of the same polarity for each
generator, as shown in Figure 1.41. Equalizer is the low resistance connection. Now any variation
in the induced emf of one generator will produce a circulating current only between the two
generators and the equalizer. The series fields will not be affecfed by this variation.

Main
) A/switches\ )
Series Equali Series
field q“j tzer field

Load

Figure 1.41 Compound generators in parallel.
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L.11 DIFFERENT TYPES OF DC MOTORS

DC motors like the dc generators are also of different types.

(a) Shunt wound dc motor
(b) Series wound de motor
(¢) Compound wound dc motor.

) The oo._.:noﬁ.za wound dc motor is also of two types: (i) Cumulative compound wound dc
motor and (ii) Differential compound wound dc motor.

- ﬂ case of the cumulative compound wound dc motor, the field windings are connected
i such a way that ;.a fluxes developed both in the shunt and series windings are in the same
irection. In case of the differential compound dc motor, the scenario is just the opposite.

1.12 CHARACTERISTICS OF DC MOTORS

The n:E.m.Emeznm .Eq dc motors mainly express the speed—torque characteristic of the motor. Let
us first of all consider the case of the dc shunt motor.
BC shuni motor

We know the following relations:

E=¢Nz L =K on
a

V=E-+1Ir
T = Kyl
where
E = back emf
I” = supply voltage
I = armature current
r = armature resistance
K, K; = constants
¢ = flux per pole.
yo E V=i
K¢ K¢
V- |N.1 r
_ Ky¢
K¢
or N= |<I - lﬂq
K¢ KKy

From the above expression it is clear that the speed-torque characteristic should be a
straight line if the flux per pole remains constant. But due to armature reaction effect, the above
condition never happens. Figure 1.44(c) describes the drooping characteristic of speed with
respect to the torque. Both the speed and torque vary with respect to the armature current as
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e S b
and Figure 1.44(b) respectively. Due to the effect of armature reaction.
the flux reduces and the speed increases with the increase in armature current. Also. due to the
effect of armature reaction, the flux reduces and the torque decreases with the increase n

armature current, since for a particular power, the torque will reduce with the increase in speed.

shown in Figure 1.44(a)

lllllllllll Armature
reaction
considered
3 3
..M. 2 ~. )
@ & "~ Armature reaction
considered
Armature Armature
TEAGHON reaction neglected

neglected

_‘ —_—

Armature current

Armature current
—H—W_.:ﬂ —.&bﬁdw —O_.DC@ vs. armature current

Figure 1.44(a) Speed vs. armature current
of dc shunt motor.

of dc shunt motor.

Speed

_ —_

Torque

Figure 1.44(c) Speed vs. torque of the dc shunt motor.

DC series motor
As regards the dc series motor the following mathematical relations are found:
¢ =Kl
E = K\¢N
V=E+Ir+r)
T = Kyl
2n|m.|u<|:,..+_.l
K¢ Ky
N V=10 +rf)
Rkl
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| vV (r47,)
s— |ty
KKy |1 f
Also, T'=K,p = KAK3D1 = kKR
1| vJKk,
N=—0__ =(r+rs)
KKy | gy Ut
1 v . .
Here, y < Mﬂl s (r+r) | isacurve of shifted rectangular hyperbola and T'= K, K,
183
i a parabola,

A slight difference is
result and those from th
saturation and armature

observed in the characteristics being obtained from the mathematica|
€ practical result as shown

in Figures 1.45(a), (b) and (c) because
reaction demagnetization make th
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Figure L45(b) T, orque vs. armature current
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Figure 1.45(a) Speed vs. armature current
of dc series motor.
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1.14 SPEED CONTROL OF DC MOTORS

The dc motor plays a very important role in the control of industrial drives. A wide range of
speeds of drives can be obtained using dc motors.

As we know,
V=E+Ir
or V=K¢N+Ir
o ZH<|¢
K¢
Vv
or .
K¢

if the Ir drop is neglected. Therefore the speed variation depends on two factors, i.e. ¥ and ¢.
So the terminal voltage and field excitation help to vary the speed of dc motor.
Let us now analyse the speed control of various types of dc motors.

1.14.1 Shunt Motor Speed Control

In case of the dc shunt motor, the following equations have already been discussed.
V=E+ir
E = .\A_Q\(
T= \Am%\
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—— \. - P
VK b iy 23
Ko K@
10 Ceo. 268
v Tr ST ]
or T K KK

may be called the basic speed equation of the dc shunt EoSm Bt

Field control of dc shunt motor ——

Figure 1.51 describes the speed control of dc shunt motor by variation in .mm.E excitation.
Figure 1.52 shows the speed vs. torque characteristics. As the field current is Gn_.ﬂnm&, a.um
speed-torque characteristic moves down. The speed—torque characteristics shown m Figure 1.52
are with three values of field current, I, 1, and 1y, where [, <[ < Iy, -

For a constant field current, due to demagnetization of field on account of armature
reaction, the actual speed is found a little higher for the same torque produced. So, two curves
are shown in Figure 1.52 for each value of field current.

2

Field us “
g

=

3

Hm.._n_n regulator
Figure 1.51 Field control of dc shunt motor.
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Figure 1.52 Speed control of dc shunt motor by variation in field excitation.

Armature resistance control of dc shunt motor

As the armature circuit resistance of the motor is increased (Figure 1.33(a)) for a particular
torque the back emf decreases. Hence for a constant field flux, the speed decreases.

o222 2 000 ETTT T A
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Figure 1.53(b) exhibits the fall

resistance R.

—_—

i

0»1.0404: 3 S CUTVEe Wi 1
peed-torque curve with the increase in the armalture circuit

[ d d

Speed

—
i

o/

—_

Torque

Figure 1.53(a) Armature resistance
control of dc shunt motor.

Figure _.mu.AS Speed control of de shunt motor
by varying the atmature circuit resistance.

™ 3 .
¢ main problems of this type of speed control are the following;

(1) Speed below the rated value is possible.

A u
n mvo& vanation cannot —um ENQN S_QO Umnm:mﬂ OW ﬂ——ﬂ —n&—._h:nv: m H__ﬂ ﬂ:—o_msﬂw Om. 2‘—0

(1i1) Speed regulation is poor.

At no-load condition,

INEERE

V= KgN

" . .
eglecting armature resistance at armature current /,
9

4
N

Jdd

V — IR = KgN,
z-zﬁuwﬁlfs
] K
- 0 ¢
- le
o Speed regulation = 23
>
V. V-IR
.. _ko k¢
%
-3 Ko
— <|<+H
% __ kK¢ IR
-3 L
Ko

“350, for a fixed value of R, the speed variation totally depends on the load

w

&

DC Machines T3

Series-parallel control of dc shunt motor

In the series-parallel method of speed control of de shunt motor, two identical shunt motors are
connected mechanically to a common load. Here two speeds can be obtained. In one case, the
armatures are connected in series as shown in Figure 1.54(a). In the other case, the armatures
are connected in parallel as shown in Figure 1.54(b).

3 ?’ r\,\;\)\JJ ﬁ
_ 1

Figure 1.54(b) Ammatures in parallel.

Figure 1.54(a) Armatures in series.

When the armatures are connected in series, the voltage supply to each armaure is reduced
to half and when the parallel connection is made, each motor will be supplied the full voltage.
Thus the speed of the combination can be arranged to be either the half speed or the full-rated
speed.

Ward Leonard method of speed control

Combined armature and field control of dc motor can be performed by a famous method which
is called the Ward Leonard method of speed control (Figure 1.53).

The Ward Leonard method provides a wide range of speed control. When a three-phase
ac supply is provided to an ac induction motor, it rotates along with the exciter and the dc
generator, all three being mounted on a common shaft as shown in Figure 1.35.

The exciter supplies power to the variable resistor and the variable voltage is applied by
the potentiometric arrangement through the resistor to the field of the generator. Thus the
voltage across the field of the dc generator is varied. Hence the voltage of the generator varies.
This variable voltage is applied to the armature of the dc motor whose speed is to be controlled.
At the same time the exciter voltage is applied to the field of the dc motor through a variable
rheostat. Hence both the voltage across the armature as well as the voltage across the field
of the dc motor are varied widely so that speed control over a wide range can be obtained.
The main advantage of the Ward Leonard method is the realization of the wide range of speed

control of the dc motor. But the main disadvantage is that it is a very costly arrangement
because a large number of rotating machinaries are being used for the speed control of the
dc motor.
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- ; penerator
I'hree-phase DCg

I . ac Sl(lp[!ly [ — 1 DC motor
] L 1 Field
& .
T - T Watavaval \ ey r/
iy
Exciter AC motor 4
—N —ANM——

Figure 1.55 Ward Leonard speed control of dc shunt-motor.

1.14.2  Series Motor Speed Control

The series motor speed control like the shunt motor speed control can also be made by varying

the field excitation as well as exercising the armature-circuit resistance control. The methods
used are as follows:

(a) Diverter field control
(b) Tapped field control
(c) Series-parallel control.

Diverter field control

Figure 1.56 describes the diverter resistor control circuit used for speed control of dc series
motor. A variable diverter resistance r, is connected across the series field having resistance r,,.

e
1
1 e T
@ V

Figure 1.56  DC series motor speed control using diverter field control.
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113 STARTING OF DC MOTOR

At the instant when a voltage is applied to a dc motor to start it, it is al the stationary condition.
~ N T — ———

So. there is no back emf generated in the armature of the r since the s is_zero.

—_—

n‘ﬂ:nﬂmﬂwﬂm;fdaﬂamdjzuam resistance in the circuit exists for limiting the in-rush of the current
from the mains EE._V,@. if the rated voltage is applied across the moor, a large amount of
current will flow through the motor and the motor will get damaged,/Hence, at the time of
starting some arrangement needs_to be made so that an enormous amount of current does not
flow through the motor armature Gradually, as the motor speeds up, the starting arrangement
is :&EB:jvw,:n: a device which is provided with the dc motor at the time of starting is called
the hugwﬂv Beiore the advent of power electronics, a manual starter was the only device used
for starting of a de motor.

1.13.1 Manoal Starters

The manual starters are usually of two types:

(a) Three-point starter «
(b) Four-point starter —~

Figures 1.47(a). 1.47(b). 1.48(a) and 1.48(b) are the starters of dc motor. Figure 1.47(a)
and Figure 1.47(b) are the three-point starters. They are more or less of similar type. The only
difference is that in Figure 1.47(b), a brass arc has been provided for making the operation more

e

effective. Figure 1.48(a) and Figure .48(b) are the four-point starters. In Figure 1.48(b), the

brass arc is additionally provided for the same purpose as mentioned above. The major difference

ikt ot

between the three-point starter and the four-point starter is that the four-point starter possesses

faur terminals, whereas the three-point starfer possesses three terminals,
Let us take the case of the three-point starfer a shown in Figure 1.47(b). The step-by-step

principle of operation of the starter is described as follows: =~
1. The dc supply is switched on. ~

v N

2. [The starting arm is slowly moved from its OFF position to the studs 1, 2, 3, 4, 5./As
a result, first of all the full starting resistance at stud 1 is inserted in the armature n:\c:ﬁ
(Then, gradually, the slep resistances shown are cut off from the armature circuit as the
starting arm is moved from stud 1 through stud m Gradually, at the same time the step
resistances go 1o the field circuit of the dc motor through the brass arc. In Figure 1.47(a),

of course, there is no brass arc. The resistances go to the field circuit through the wire

connection. “
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Figure 1.47(b) Three-point starter with brass arc.
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Starting resistance
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y 3
' ="
-~Soft iron g
OFF "
kecper _W LA
High
resistance
F T
+ — Field
DC
supply
o—o |— Rheostat
Figure 1.48(a) Four-point starter.
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Figure 1.48(b) Four-point starter with brass arc.
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* 3. 4When the starting arm reaches to the Jast stud point (it may be 5 of 6 or 7 etc. as vam
the design) it will remain at that position because the attached soft iron keeper O
starting arm remains attracted to the holding coil magnetic strength. ~

4.4f the motor is switched off, then the holding will be de-energised and the starting arm
will come back to its original OFF position. ~
5_If the load current becomes large, the overload release coil HE_SL_M‘N\H\B\@EW - and @_
: = : — . fanting
holding coil is shorted. Thus the holding coil is de-energised. Automatically, the starti

. . \.‘l\|\|l
arm then returns to the OFF position.

— = ——

In case of the four-point starter, the holding coil circuit is not connected to the field circuit
of the motor. Rather an extra terminal is provided with a high resistance. This makes the system
more reliable because if by chance the current flowing through the field circuit is not mcm.. -
ciently high to magnetize the holding coil, then the soft iron keeper will no longer remain
attracted and the starting arm will not lie at the final stud position.
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1.16 TESTING OF DC MACHINES

The testing of dc machine is very essential so that we can accurately calculate the losses of
machine and find out its efficiency. The efficiency of the dc machine is the ratio of output and
input. The efficiencies of generator and motor can be expressed as follows:

VI

Efficiency of generator = ————
VI + losses

VI —losses
VI

In case of generator, V is the terminal voltage and / is the load current. In case of motor,
V is the supply voltage and 7 is the supply current. The main two tests of dc machines are:

Efficiency of motor =

(1) Swinburne’s test
(2) Hopkinson’s test.

1.16.1 Swinburne’s Test

Swinburne’s test is the no-load test of dc machine. Therefore, this test cannot be performed on

the dc series motor.
Figure 1.72 descrbes the circuit diagram of the Swinburne’s test. The machine, whether

it is a motor or a generator, is first of all run at no-load at the rated speed and at the rated
terminal voltage. Then the field current is adjusted to its rated value. The no-load loss is
calculated. A series resistor is inserted in the armature circuit of the motor so that it runs exactly

at the rated speed. Now,
Vi, = Py + Prt Ly,

where

P, = iron loss

;= windage and friction loss

r, = armature resistance
o ‘"(J i Pj:: Vlu - IE';:
Again the shunt field loss,

)
Py =151y =Vly

where 1, = field resistance.
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£ v
; WA (2 ) £

Figure 1.72 Swinbumne’s test.

The strav load loss can be considered 1% of the rated output at full-load or sometimes it
is neglected.

Total loss. Pr=(VI, = I3r) + 171y

If the dc machine acts as a generator, then the efficiency of the same will be
v
Vi, + Py

where I; is the load current of the generator.

Mg
If the dc machine acts 2s a motor, then the efficiency will be
VI, -F
vip

The Swinburne’s test is not at all an accurate test for determining the efficiency of dc
machines. The reasons are the following:

d.s

(a) The stray load loss cannot be calculated by this method. Therefore, the efficiency will
not be accurate even if we assume stray load loss as some percentage of the rated
output a1 full-load.

(b) Since the resistances r, and ryare measured at normal temperature, we are not able to
gel the actual loss at the real loading condition.

Besides the above, by the above test, we cannot get the actual scenario of commutation
when the machine will be really loaded at the rated condition. Over and above, we cannot have
an idea of steady temperature rise of the machine.

Now the question arises, what do we have 1o do? If it is a big machine, it is not advisable

to fully load the machine, and thus make testing of the machine prohibitively expensive, That

is why, some other method is needed where we can load the machine ficticiously at the rated

full-load condition without really applying the full load. That is possible by the Hopkinson’s
test.
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1.16.2 Hopkinson’s Test

In the Hopkinson’s test, we require two identical dc machines. This is a regenerative test. Both
the dc machines are mechanically and electrically coupled, and are tested simultaneously. .
One of the machines will act as dc motor and the other as dc generator. The motor ‘E_:
rotate the generator and the generator will supply power fo the motor. Now the queston arises,
if both machines help each other, then which one will supply the losses. The answer is external
dc supply, that means, the input of the external supply will provide the power losses of both the
machines. Now the voltage across switch S should be zero and only then we can declare that
similar polarities of the machines are connected. So, when the switch S is closed both the dc

machines are in perfect parallel connection and there is no chance of the presence of circulating
currents between the two machines.

L‘AN

”
T I
® ® ©
DC *
supply ﬂ
- @ [
|

Figure 1.73 Hopkinson’s test.

Since in case of generator the induced emf minus the armature drop is the terminal voltage
and in case of motor the induced emf plus the armature drop is the terminal voltage, the
excitation of the generator will be more than the excitation of the motor to maintain the terminal
voltages equal to one another. Obviously, the no-load iron loss and stray loss will not be equal
for both the machines even though the machines are identical in all respects. Stray load loss is
a very important factor for determining the efficiency of de machine. If we ignrore this, we
cannot determine the actual efficiency of dc machine properly due to the following reasons.
Stray load loss is the additional copper loss which occurs in the conductors an account of non-
uniform distribution of alternating currents. This increases the effective resistance of conductors
and that is nothing but the skin eftect.

When the conductors carry load current, the teeth of the core get saturated and as a result,
more flux passes down the slots through the copper conductors and thus setting up the eddy
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current losses in them, Even in winding overhang, the eddy current losses occur. Due to the flux
distortion, the net increase in the core loss oceu
stray load loss.

J

rs and the extra core loss is nothing but the core

Mathematical analysis of Hopkinsen’s test
Now. in Hopkinson's test.

Motor output = generator input

Vi 1y =

where

b
I

m = MOtor current

I, = generator current
7 = motor efficiency

Te = generator efficiency.

v Q:__QNHI

EXEERRRRE)
= I]%S

or

Iy = I, + external supply current
The motor current becomes equal to the
the supply mains.

Hence. the efficiency of dc machine becomes

generator current plus the current coming from

m

®—— Detailed calculation of efficiency of dc machine
- Input to the armature circuit = ¥/

gy

[ N i " .
= where r,, and r,, are the armature resistances respectively.

(The stray loss includes windage and friction loss, no-load iron loss, stray load loss)
Motor field copper loss = Vi,

Generator field copper loss = VI,

Total stray loss, W=W-12p 2,

am "am ag 'ag

The stray loss is assumed half of W for each machine although it is not absolutely correct
since the iron loss and stray load loss will not be the same for motor and generator because of
= ®:he variation in the excitation of both of machines.

DC Machines

97

Efficiency of the motor

Efficiency of the generator

W
Vien + Vi =5 =V

v Lk
=92

Vi + Vi fm
12

az
w
vi ag ¥ INI

+VI iz
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" UNIT-II

PART-B (16 Mark Questions)

1. Describe the construction and principle of operation of gingle phase transformer. (16)
CONSTRUCTTON,
“M-—.—_'\—L‘f_x The n&@er;Hﬁrl 'l"*anns{t\nmdr wnth  ma ne ke fkame and w"rm‘iﬂ?é
¢ hovsed in proper hnk,-#\’,\at tontdins Tmrvs{-mrrw( ol and

Vasovs Pc\%{-s 9 ‘Parm#bamcﬂh

CONSERVATIVE -> x power Transfoymer  ave provide wrth o tonscvakive
Provgh  whidh —he honf.&wmw Lyeathes inbo 11 a':mospheﬂe.
—ed Jenle P[aeed on op %

» The concevvalbive (s a armallens — g1

Fe wan tonk.
MAGNETTC CoRE%—=> “The mo
slaks v_),"‘ﬂ;n‘n iomib’\a"'\on
oviented glicon cheel /Ql‘jx't\a‘

() Cove TYPE' 1y éoxe-k.lpe "1‘\'}6. w
+wo lﬂazs ﬁr Q “cn‘:c{-m’)gu

W chell TYype! 1 ghell ﬁpe e windin
ﬂ?ﬁ Q,» a three -—l*eaaf& coxe,

nelic core 9§ A {-annsg—rmd{ ic made up q‘
CO‘BSmn’) ’W\fcknt@ o gold - -Jo][fd Tmm-

ingulated  with vaynish.
indin ave. wound ayound e

lar maod neHc cox€._

d on The cenbel

qre wousl

Ccr}(_g Usuwa llg,

PRIMAR s s
vV 8 SE(ONDARY (6JLE7 > The pnﬁmo and secon
% Coppey axe woeund on e core and aze &@edm{cola ingalated B‘Cm each
[l‘mb.

ey and fromihe Cove. : _

> Ly winding! The LoV winding 1 wound on e ingd g each e

—> PV windin g2 Toe HV wfﬂ&fﬂﬁ L wound enThe el &de each llm®-
e corls.

— Tle +eee wl‘nc\l‘f‘a&g aATEeE agyran eqd a8 (oncen
~yovided belween two golid PO%{‘S Soos

ofL DLETS 5 o | dueks qlwoujs
= erov\\oqe beHenr CC/D“"‘@ & These PO'WQ'S«
CREATHER = A preather moonbed on e T'runsﬂmem dan centarng
3::' . which hag tte tem ('leq‘l%. Lo

calqum chlovide o Q’il?Ca

exbrock poisture fom aiv,

tonnec HOY\S C} 'ﬂre LufﬂA\‘n ave '\ﬂ\(\’/n [:.a
moun’(fcl on The T')'onStE)'a’m(ra %a\h
t Cmnbu‘ ﬂﬁ poat.

BUuSHIN (1 —> The {e/rmi'nq|
e ingulaboy loush‘na
bop, and vsed to icolated e Cuvven

[



‘\‘\“l\(i\'\\l" (“j ml\{]{]{ih“t
-~ A T'htﬁrv{‘mmm e QO S“n“(“ Aevce 18 Hons(‘cgmrrl “Hre ‘,ﬂ‘..,(rm}.

G\*nw owe civewil W aunelher civent b, ol ecd CDAU'/'?!W i“{””’%ﬂrrra?
wiks

—> 'Tﬁmwﬁ{\mmm io o mudtial incluelion beltween  4eno SR

Linleed "U C VYoo mc(gmeﬁc -FQMX.

- b contick 5 bw mcluedive roils  wohich ove E{fc*ﬁCag,
Sf[—"fflf\H“Ct bul mu_ameﬁcﬂag Qinleed 'ﬂ’zmough a pm‘h 2 (003
velufance

|
1 Scorclo-ya:__
——l

— T1le "[‘Luo C\[_g PGQchLh‘C) \Lu e 1
o1 50 mutual tance | 1t drtces
mU"U.QlLﬁ — induced e~m*’F @ccowdfn [ R\mclms;vluw c_} |
elechp m(ljrneh\c tncdiekion, e = M C{Q \

> Flechic e 1S “‘mns{\e/nccp Ct’m(—?’erel m brcally ) Brom
o feuh eollls At cetend ol e % ;Ug; J

- 'T‘lﬂ -Fhs% con ,,\‘Y) whvich e[ecxﬁc eq’)ww 'S p‘c‘ &bm"ﬂv\
ase fupp mains, is Called prinl e Luinch‘n{g} and e
other f‘mm which ?/Y’Wjaﬁ s drawn oul, 18 cq\leo) ,Qt‘cmﬂmaz

woind fna,.



+ (1) Derive the emf equation of a transformer, @
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A transformer on no-load has  core-loss of S0W, draws a current of 2A (rms) and has an\ &
induced emf of 230V (rms) .Determine the no-load power factor, core-loss current and
magnetization current. Also calculate the no-load circuit parameters of the transformer.

Negleet winding resistance and leakage flux. (16)
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4. The following data were

obtained on n 20 KVA,50 Hy, 2000/200 V distribution
transformer:

Voltage (V) Current (A) Power (W)
OC test with HV open-cireuited 200 4 ;?j((l,
SC test with LV short-circuited 60 10 i

. . e U b JV
Draw the approximate cquivalent circuit of the transformer referred to the HV and I
sides  respectively.
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TAP CHANGING TRANSFORMER

A tap changer is a device fitted to power transformers for regulate the output voltage to
required levels,

Uhis is normally achieved by changing the ratios of the transformers on the system by
altering the number of turns in one winding of the appropriate transformer/s.

Adjustment of consumer terminal voltage with in prescribed limits.

Adjust is normally carried out by off-circuit tap changing the common range being 5%
in 2.5%steps.

Daily and short-time control or adjustment is carried out by means of on-load tap
changing gear.

Tap changing transformer also provide for the following purposes:
For varying the secondary voltage.
For maintaining the secondary voltage constant with varying primary voltage.
For providing an auxiliary secondary voltage for the special purpose, such as lighting.
For providing a low voltage for starting rotating machines.
For providing a neutral point, e.g. for earthing.
Location:

I. The taps may be placed on the primary or secondary side which partly depends on
construction.

2. If tapings are near the line ends, fewer bushing insulators are required.

Types of tap changing transformer:
(i) NO-load (off-load or off-circuit) tap changing,

(1i) ON-load tap changing.



NO-load tap changing:

it

-
-

The cheapest method of changing the turn ratio of a transformer is the use of
off-circuit tap changer.

.Itis required to de energize the transformer before changing the tap.

NO-load tap changer

Construction:
It has eight studs marked 1 to 8.the winding is taped at eight points.

The face plate carrying the suitable studs can be mounted at a convenient place on the
transformer such as upper yoke.

The movable contact arm ‘A’ may be rotated by hand wheel mounted externally on
the tank.

The winding is tapped at 2% intervals, then as

the rotatable arm ‘A’ is moved over to
stud 1,2; 2,3; 3,4;4,5;5,6:6,7:7.8.

The stop ‘F* which fixes the final position of the arm ‘A’

‘ prevents further anti clock
wise rotation ,so that stud | and 8 cannot be bridged by th

e arm,
Adjustment of tap setting is carried out with transformer de energized.
Advantages:

To prevent unauthorized operation of an off-

9 circuit tap changer, a mechanical lock is
provided.

‘urther, to prevent inadvertent operation - T . g :
Further, to prevent inadvertent peration, dllClLLllOlﬂdgﬂL‘llC latching device.
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ON-load tap changing:

On-load tap changers are used to change the turn’s ratio of transformer to regulate
system voltage while the transformer is delivering load.

The operating efficiency of electrical system gets considerably improved.

On-load tap changing circuits are provided with impedance, which is introduced to
limit short circuit current during the tap changing operation.

The impedance can either be a resistor or centre taped reactor.

/ Diverter
z switch

(a) Tap 4

(d) Tap 5 and r,

The sequence of operation during the transient from one tap to next (adjoining)

On-load —tap changing system is has two components.
(a) Diverter switch.

(All the transient operation of switching is performed at the diverter switch)
(b) Selector switch.

(The selector switches are arranged on the tapings 1, 2,3,4,5 as shown in the figure.
Usually the diverter switch is kept in a separate chamber, filled up with oil.

The diverter switch is connected between A and B .the selector switch 4 is under

action at this moment then the diverter switch arm is shifted from ‘AB’ to ‘B’ only.

Therefore, the winding is connected through resistance r,, thus the current is reduced

Now we want to change the tap from 4 to 5 without disconnecting the supply.

The diverter switch is moved from ‘B’ to BC .50 the current is divert
then the diverter switch arm is shifted from ‘BC’ to
this moment.

ed into rjand r,
(3 3 N i
C’ switch 5 s under action at

In the above process the load is not disconnected (On-load tap changers)
ange )

The aim is to maintain a given voltage lovel witlin . s
e: ¢ given voltage level within 4 specified tolerance.
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TERTIARY WINDING (THREE WINDING TRANSFORMERS)

I. Transformers may be built with a third winding, called tertiary, in addition to the

primary secondary,

0

—_—

—.000—

NP C N [

e i

|
0 Stabilizing !
tertiary winding o

The uses of tertiary winding are enumerated below:

(1) To 0 supply the substation auxiliaries at a voltage dlffer from those of the

pr1mary and secondary windings.

e

(11) Static capacitor or synchronous condensers may be connected to the tertlary

SR

wmdmo for reactive power injection into the system voltage c control

—

(iii) Three ‘winding may be used for mterconnectmg three transmission | lines at
dlfferent voltage level

(1V)Tert1ary can serve the purpose of measuring voltage of an HV testlng
transfo1mer
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Sumpner's Test or (Back to Back Test)

The Sumpner's test is another method of determining efficiency, regulation and heating under
load conditions.

The O.C. and S.C. tests give us the equivalent circuit parameters but cannot gives heating
information under various load conditions,

The Sumpnet's test gives heating information also.

In O.C. test, there is no load on the transformer while in S.C. circuit test can be loaded
fictitiously (imaginary or not real) to the full-rated condition without actual loading the
transformer to its full load.

Inall in O.C. and S.C. tests, the loading conditions are absent. Hence the results are
inaccurate.

In Sumpner's test, actual loading conditions are simulated hence the results obtained are much
more accurate.

Thus Sumpner;s test is much improved method of predetermining regulation and efficiency
than O.C. and S.C. tests.

Circuit diagram:
W,

A .
1 ~ T 2

{

=C supply(1)

|

1 l

-voltage supply(2)

(Fig-a)Sumpner ‘s test on two identical single-phase transformers
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While conducting this test, the primaries of the two identical transformers are connected in

parallel across the supply (Vy), while the two secondaries are connected in phase opposition as
shown in the figure (Fig-a).

For the secondariec to be in phase opposition, the voltage across T,T, must be zero

otherwise it will be double the rated secondary voltage in which case the polarity of one of the
secondaries must be reversed.

Current at low voltage (V,) is injected in to the secondary circuit at T, T,.

As per the super position theorem, if V, source is assumed shorted, the two transformers

appear in open-circuit to source Vas their secondaries are in phase opposition and therefore
no current can can flow in them.

The current drawn from the source V is thus 2, (twice the no-load current of each
transformer) and power is 2P, (=2P; twise the core —loss of each transformer ).

When V1 is regarded as shorted, the transformers are se

ries —connected across V; and are
short —connected on the side of primaries.

Therefore ,the impedance seen at V,is 2Z and when V, is adjusted to circulate full-load
current(I ; ) ,the power fed in is 2P¢(twice the full load copper-loss of each transformer).

Thus in the sumpner’s test while the transformers are not supplyine any load ,full iron —loss

occurs in their cores and full copper —loss occurs in their windings ; net power input to the
transformers being being (2Py+2P. ).

The heat run test coul

d, therefore, be conducted on the two transformers, while only losses
are supplied.

In (Fig-a) the auxiliary voltage source is included in the circuit of second

aries ; the test could
also be conducted by including the auxiliary source in the circuit of prim

aries.
ADVANTAGES:

o’

¢ Thus in the sumpner's test without sy

pplying the load, full iron loss oceurs in the core
while full copper loss occurs in the

windings are measured simultaneously.

o

* The power required to carry out the Sumpner ‘s test is small.

DISADVANTAGES:

L)
...

The sumpner's test required two same rating transformers

compare to O.C, and S.C. tests.
Prepared by

V.SHANMUGAM, M E,

Assistant professor (EEE)




Parvallel Operation of Transformers
Introduction:

> Forsupplying a load in excess of the rating of an existing transformer, two or more
transformers may be connected in parallel with the existing transformer.

» The transformers are connected in parallel when load on one of the transformers is more
than its capacity.

» A half the load can be supplied with one transformer out of service,

Condition for Parallel Operation of Transformer:

» For parallel connection of transformers, primary windings of the Transformers are
connected to source bus-bars and secondary windings are connected to the load bus-bars.

» Various conditions that must be fulfilled for the successful parallel operation of
transformers:

. Same voltage Ratio & Turns Ratio (both primary and secondary Voltage Rating is same).

Ja—

o

. Same Percentage Impedance and X/R ratio.

. Identical Position of Tap changer.

(8]

N

. Same KVA ratings.

. Same Phase angle shift (vector group are same).

U

6. Same Frequency rating.

7. Same Polarity.

8. Same Phase sequence.

« Some of these conditions are convenient and some are mandatory.

* The convenient are: Same voltage Ratio & Turns Ratio, Same Percentage Impedance, Same
KVA Rating, Same Position of Tap changer.

» The mandatory conditions are: Same Phase Angle Shift, Same Polarity, Same Phase
Sequence and Same Frequency.

» When the convenient conditions are not met paralleled operation is possible but not optimal
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SCOTT CONNECTION (PHASE CONVERSION)

2. A three —phase supply can be converted to a two-phase supply by connecting two
single phase transformer of a suitable ratio is known as Scott connection.

Taaser translarmer

|
|
1

(b) ©
Fig. Scott connection

3. Phase conversion from three to two phases is needed in special case, such as in
supplymg 2-phase electric arc furnaces.

4. A 2-phase supply could thus be obtained by means of transformers; one connected
across AM, called the teaser transformer and the other connected across the lines Bandg

C = e

5. Since Vau=(+/3/2 ) Ve, the transformer primary must have +3 N//2(teaser) and N,
turns ;this would mean equal voltage /turns ratio in each transformer .

6. A balanced 2-phase supply could then be easily obtained by having both secondaries
with equal number of turns, N2

7. The point M is located midway on the primary of the transformer connected across the
lines B and C.

8. The connection of two such transformers, known as Scott connection.



