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DC Macm N;’:s_

—There QZé_z_ﬁgpQL.QiD_Q_maébinéﬁ_,_ﬂz;___ SR
i) Shunt

u) Series

b) Lﬁag_sbuaﬁ_ d

) SHuNT MACHINES §
:ESb 3 IL < = o+
- AT, g . A
S Ra )
Rsh | o vV
EIor
W _ -
For Motor, __For Generatbor,
— L 2 Ta + LTk —> Ta=T,.+I:h
ar La=T, - T - . i
' ST Igh e\ _—
— T4. V - _ Rsh
Rah _ Puk, V= E, =TaRe
But, V= Ea+TaRa =2 Ea SV Tl

"'"')"E::-'

6 *Ts)

_ﬁhumiub_zze_immeg_ﬂm_azmafzwwﬁ_pﬂmm
with the field. coili ng
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1) SERIES MACHINES

In series

$Hore the armabure 3 Zigld coil, ave conneched.

:ESb fﬂ'??l’? ST - -
Th A “Ion < R B
Qq )
v

Eg 6\/ —E&g -t
t Y= |
For Motor, For Generator, 4

—2 IA - Ic}-_. = Il__ e IALLJ:;LIH

—_— E& = V" Ig CRALRISb-)—

—> E;, : V+TalRa+Rsh) |

1) ComPUNDED MACHINES

A) SHORT SHuNT B Long SHunT 1
* A< the shunk is Connacbed_ # As the shunt is cormtczia_

| orzbj across the _armakure __acress the armature «+ L
- ___the load -

b




clasemate
o=
e ; —
k 3= EMF EQuaTioN For  DC MACHINES |
P.— No. of Poles ]
k. N— S i ) )
| @ = Flux Lines per pole in Wb (108 Alux Lines = 1 wb)
A —> No. ¢f Parallel Paths |
| D For Lap wound, : A=P { For more current)

| i) For Wave wound, : A=2  (For less cuorrent)

Z —> No. of Conductors

* Flux cub by ene wndu&&z__&w m

—Pﬁr_revobubloo pole
'-'-Q x P b o
# Time For one revolubion = | minube
L . N T
| o - 60 epsecs o
N )
| &% EMEF l)emJ,Qpad, - F'Lux;c.g_b‘
L SER AU Time for Lrev.,
- - QPN o
60

Le. EMF Dpvdoﬁpd, Der mnrbnbor i Q PN  Vonlks




& Tobal EMF,E - gzN

_60

= ToRQUE C* OnLS for Motor,)

F=BTL Newton

| where,

F — Force in N

R —> Flux Denﬁibg

I — Armabure Corrent

L —> Length of Armature

Xy —> racﬂvs of shaft

Now,

N-m

Torq,ue,. T = Fxr

L3

s lo%al Torqae_,i 2 A og T B Ty
.  2n A

- Olsq x.__az-;. E xIa.
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Lopub A—>5'ba'bor[ b >4%0'bor-—c'——)F"?€chmiwi k ; h.
Fower | —_— 1 | mfgpd'

core + Cu loss Core + Cu loss Retational loss
Culossis ™ Corg los3 75 Frickionol loss
ne,q},;q;bbe as neqligiblLe as '

+
SEator is made Robor 13 made T
» Tron of ggizabmg w Nlndmg LOSS

bars
h:, . ouvb oo 7.
__inpuf
_OR S -
n . ___oubpub x 100 7 -
Cwoub + Losses ) R
Also,
N .
CEleckrical
Rvrectanicar—=—L — — 1)
C

» BURS - Final mech. oubput
L overall e




CEe. BN w P o fAcgenfolol EMEY
60 A N |
Eg oC QN N
B QR
Eez KGN where K is a constant
Ee =V -TaRa For a D¢ <hvnt machine

5peed K%ULQJBJ_OD_ i&_auaiLabLé _gs;_mgng_pamr_n&bazs__

can be varied svch as V.Ia,Ra ¢ @ §

e

* Abso @ series machine cannob be sbayb&d at no IDCIGL y

R
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3> APPLICATIONS oF DC MoToRs

19 Swunt Morors _Qi@i_far_caa,sénab_sp&ed applications

Ex. Drilling machines , Comprassors , Pumps,
_ Machine Tools .

ﬂ:Léﬁ&L&s_Mmﬁé_Ua&imbeLe chge_sbar#m{j_ﬁzqu& _};5 .
__Ex. Deckh. machineries




elassmate

Date
Page

(&

\|A DC mobor kakes an armabure current of 110A of 420V _The

resisbance of the armdature et ckb. is 0-2 22 . The _machine P

h@shé_pa!as_&_'bhe_azmm‘zur@ is Lap Qo_m&abai ith 864, |

OSD&B{L 5|
ii) Gross To qu@_dﬁy&lgpd bsi'ba_azmaﬁwe N
Given Dara. ¥
Iaz110 A Raz:020 Z = 864
. V=480V P:=6 @ = 005 Wb
A:P:=6 ... lap wound i
an
hEg. = V-TaRa
2480 - 110x02
=458 V
Now,
o Eg. QZN P i
N 60 A S
LB . 0O5xR64xN 6
60 6 i
— © N: 636 rpm —> i) B
.
w2 Total Torgue = 0154 x @Z x P o Ta 1
.\\}g@‘ 9% o+ A 4
b i = 0150x O05x 864, 4« 6« IO . |
o ) ‘ 1
T = #55-H568 N-m —> i) .




elagssmate

Date a
e Page _q

s

| S

I Rl A__QO_ELN_,_QELQ.V sbunb_gmmizoLQa.s run___mojgag Q:L

_no wmmm & speed. The total curvent
taken wasga | including a shunt corrent of 2.7 4. _

The resistance of she._armabure. c;l;t_a:b_aaumaL_worbzczg

_J:&mp._uas_Q_Ll_._CaLmLaﬁe.jze_&fﬁm@gﬁs at =

D Full Lload 3 i) Hal¥ Load.
Guven Data: , J
Power = 100 RN N Z&’A Ra= O L1 02
V=460V  Th= 2-FA
1 Sab™
As g, Generator, )
Full Load Current . PoweL_raﬁ%' =in  Watbs
R o . Va_ldzage
_ 1g - 100 x |10°
460 B
- Le = 21%F:4 Amp
| Also. _
Ta = LT + L
= 21F- 4 + 2.7 5
. = 220-1 A o
Foll load Cu loss = T.*Ra
2 (22010 x Ol -
o = 5329 4w

_ Cu loss in shunt coil = Tg® Ran
- 22F%x 460

2.7

= 1242 W
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As a Motor, ¥ s
_IA"_L;Isb |
: Q8 -2.7 i
= 1P A i
Power ,ﬂgppbi&dg to the armature, = Vx La N
= 460 x F-1] i 8
= 3266 W 1l L
No Load Cu loss = Ta’Ra 3
= 7'12;(. O &
= B+ B450 S
Iron = =T .LOGCL n
= 3266 - 5545
= 3260 455 W I L
Foll Load losses = 5329 + 1242 + 3260

= 483 wnl
an. 2 o/p « 1007Z L
o/P + Losses s
100 x |03 « 1007 s
100x10* + 983) - !

rl - . D, ._-_-> .

o thL = Q|-05°% i) -
4
£




Now |

L}

O_/P corrent @ HL T /2

L}

1I08-# A

AlLso

dia = L+ Lak

= |I0R-F + 2+F

= |ll-y A

Cu loss @ HL Ia*Ra

1

= Nl-4*x Ol

= 1365 W

~ Hal® Load losses = 1365 W « 1242 K + 3260 W

= 5867 ) -
nu,ﬂ—_ = gp * 007
) o/p + Losses P
y.l]’)P;)’P,; o
O/P = O/D @&
2
: 50 RW
os b . 50103 . OO 7-
UHL - La g

PO xI10® + 586 #

aw 1Y = 89-49 7 —> i)
Y HL
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440V shunt mobor bakes an armature current of 30A

ab #00 rev/min. The armabure resistance is O-7.0 . . If

fmmimwda@d_bg_m& wihat valpe |

W ma‘kutﬁ_azrt&atmse_mam&oﬁam Lu :

m%@mﬁmgm%@mmmmm
Jze_iize_amsﬁm aﬁﬁ.s;ml._&_azmatum o
current 2 Shebrhnraobs showi current &

g -
sneed as fungb;ons coe time, dunno the bransition from

JDJJIZLQL_t'CLfrDQL Mg_itaﬁB_QQ_dAﬁLOD___

Given Dara:

V=4Lu0V N = 00 rpm

T1a =30 A Ra=0-% O
Sol.™ ‘

Eg : V- TalRka

= LG40 - 30x0-F

oao EB wq Vv

|_As the flux redices bf_’r 207 , assume inikial flux ko be. ¢, |

¢9 - @l = O'EZQ| — |
= 08¢, wb |

MQIZZ&DﬁﬂtLLﬁ_QiS_uDQLOQ no chanae in speed.
. i B ’

. @ — As Ep o @N . |
@

Es,
En

kg, = O8Ep > 08 xylq
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i.e. = 335-2 V
i Now, .
- |  Ep, = V- TaRa
3352 = LLO -Tax OF L2

émgﬁuce_aitmo_‘b_uuu momenbon},u rise to 149-7 A

TCC.@I_A

00

But _ue_ﬁm&ibaﬁﬁze_m@zﬁ_ﬁ CabaDg@d—

@lIR = ®ZIA2,

Ra

= 440 - 3F-5x O 7

Eﬁg_em_: Ll_ls" 5 \/_

—_J;l_iﬂﬁﬂ———QN x Ny

As E.'_@a.'. (ZM

Bg @l x N,

(@N: @z = O’8®1>

413-35 _ 08¢,

419

0]
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ARMATURE CURRENT
)
, | (CAnps)

]
' |
/ ! 375 A
Ol % [
]
| [
| ; I
1
: -
© Ftl”‘ TIiME
F ) 55 pa S
causing (585
Ia to’
riac N
mom ri
+$_o 15 sme =
7.3
7 5] — ¥pm
3 A
v |
£
13 B
& ¢ 700 V
P rpm [
O <L ' T
S l |
= | ! h
Naw Speed. TmE |
condition [,_l:ji
Tor 5 A ) T
SomeE
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MJLOLsupplﬁ_upﬁL@ currept of 4O A . Assume 607
. redwction in_flux For the. 220V connection.

Given Data: o Iy
M{)m  La =60A V2= 220 V
Viz= 440V Ras = O- 4,02 La, = LOA
Sol” .
| let the initial Alux be @, wb ]

G2 = Qi - 0-6Q,

£ @. x 04

| We know, _ .
Egoc—Ee B
N o V-TaRa . o
) o
Na, - Vi-TaRa N ®7-
Na Q. Vo - Ta,Ra

5 s 900 £ (LUO-60x04) , 04

Nz o (220-140x08)

o Nz = 1103 ypmw
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=

|l A 23QMQM&OLLUQ&Q£_}OOO rpm & takes

L—

| 54.The armature resisbance of the MM,

—

& shunb Field resistance is 223002 . Calcvlabe the

dzzap_n_speed._ukmﬁze_mafzar_ls loaded & tokes a. |

Line corvent of Megbmb armature reackion. |

Q:vEN DATA :

V=230V T.=5A Rep =z 230 9,

N = 1000 rpm Raz0-025 O L= 4l A
Sol” )

Ab No load, . 1
Tsp = i Rsh
= 230 /230
= = | A

— -

For a Dc Shunt mokor

_Ta =T, - Ish
. o°0 Iﬂ; = 5 = I B I
= 4 A i

Now,

EE= = V- IA; Ran

= 230 - 4xQ-025 . i

= 236V 229-Q V

At Full Load,

Iﬂz = ILz = ISh

= 41— 1

Iﬁ:_r': &OA

r

4

e

r



O O
e =
. EB; - V—IA:,Q'A____ 81
: = 230 - L4Ox0O-025
- b SR 2 S A SV A e

._Me{:rLegbjpgﬂmaﬁuze_maatm,. P Yot

EB. . N2 As @ is constant &
£ Eg, N Eboc QN
229 — Nz
.229-9 100 .

N2 =996 pm

Drop in speed = N,- N,

= 1000 - 496

-
a4

Drop in Spe@d = /£ rpm
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220V —
____ QIA*DC shunb motor has an armature resisbance of 0-5Q |
& an armature current of 40 A on Full load . o
- Debermine the reduction in flux ne For |
50 % reduction in speed. . Tbe_tatque_fﬁ gﬁ l:ﬁ
condibions can be assumed. o remain conskant. 1
~ GIvEN DATA: —— 1
Ra=050 Nz =z O-5N, V=220V 1
Ia:=40A Ti=T2 | B

N Sol,™ .
Eg, = V- Ta Ra |
= 220 - 40205
= 200 V
We Rnow, )
T < @ LTa _

& as anqu&_t&mns_mmbant |
@ . LTa, = @IA;,_ L O - o
= 220- O-5Ta, - |
Now . N _f
—— Egp - @2 4 Na  As Esac PN o
Eeg, @ : !
_ Es, . O5@,  —@ V Na:O5N, N
_ Es, o D
B
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- From @ & @

k. 220-0.5T42 - ©O5xTa ot
200 3 oo o Tam 0

P S 220Ta, ~0O5Ta, " - 4000 = O

L&__QS_IA%'—ZZQI&;_LIOOO_O Lot _

Ta?- 4uOTIs, + 8OO0 =0

x--bXJb3 Liac

20

To, = 421A on 10 A

As_we have to debermine the reduckion in .‘?@LQL

we need to discard, ﬁaaMLQ_ﬂmpL___

__g___Q _LAZ = LJZ,A

G x 4O = By x 421

s ¢z-OOQ5Q
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hhen the armabure current is 30 A, the resisbance
of the armature cht. is O-4C2 . Calevlabe. the 4

-

resisbance reqpired. in series wikh the armabure ckt.
bo re Jiz&.&p&id‘_tQ_SQO_J:pm_._A&iume;J:be |

armature current js 25 A .

Given Data: Bl
V=230V Is,=30A N2 =500 rpm i
N 2GQ00 rpm e = O-4 _Ta= 25 A

SOLH, ' j

Fl_?}= = V - IA[QA

=z 218 V

We Rnow that Es oc @N

. At constant ¢ Eg N

——

Er&z Nz ' _J-

W

_:o EBg_ :_2.18 KSOO

q00 B
= J21-11 VvV
Long shuni —
— N FQLL&&tﬁﬁ_ﬁ)L_MQtor, |
EB = V-_MA_* B‘) 4

. 12¢-11= 230 =25 (04 +R<)

[

Rs = 3'q§é_g

r

P
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Pate

e T
Q| A shunt mebor has an_armature reMo 202
with an armaiuc corrent of 1204 runs ak ji@zpm
a . Caleuvlate the speed o

| m&ato)e_ﬂze_maﬁor if the £lux per pole is mduc,ed
| to ¥5LQ£L&5_QLEQL_VGMMOL torq,u;;
; GIVEN DaTa : s B i ~

Raz0202 N =750 rpm P2 = O-#5 @,
£ | Ia=120A == V.=LKOO WV
L |&al™
h e koow . Ta @I, ) o
Bub_ a_i_éza_b_afia_&age_.s_uaafabered
b T, = P2Tas B
| s @x120:-0%5¢,Ta, - )
. Lax =160 AW - —:—> i)
| S——— | E&:‘. V-IAIRA EB_-).: V'IA:.RA, — -
| : 4LOO-120x0-2 : 400- 160,02
: 3726 V - = 368 V
Es, . BialN Eoac N
L Egs @ox N2
P _37¢ . D x 250 _w
L 368 0750 x Na_
N, = 978-72 vpm — i)
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A 250V }nm‘;or u):uahmmu vV

y develops 10 kW at |
lomwibhaufﬁ_a@% of 857 is o be vsed. |

as a gemator. The armature resistance is 0150 &

shunt Field. resisbance is 220 0 . Iﬂb‘i;drimnjiz;i

10R0 vpm & Field. curr@nﬁJé_adgusbﬂd_ﬁﬂ_l-fi ig ﬁSNF

oF a. shunt requlator , what ovtput in RIN ¢ |
6xpected as a generator , Libbmeatuwpr ;

Loss was_’i&pidauuo_ﬁmﬁ_xgben_rmam% os o j

mobor. !
Given Darta: | __
V=230V N =¥5 7. _ N, = IOMm b
o/p = 10 RW Ra: 015 Tash,= -1 A I
N:.= |00O rpm Ren = 2202

Sol"™ L

As a motor,

N . olp b
i/p 1

_ W i/p = olp/n
= 10x 0%/ 085 I

= llF65 W | cnf

Inpm‘; corrent from suppo:pFLﬁ-_EQwar_llg__ | 4
"4 P

| z l1¥65 /230 |
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L T VR | SN X
I Rsh

- s 230CE A

| 220 i

4 Lo Lsh, = 1-O45A

= : NOLQ_,_ ekl = o

5115 -1-045

Ta =T -Tsh Rels o

50-1 A

11

Eg V-TalRa

L}

230 - 50-1 x O-15

L1

22248 V

As a, Gm&rabor

jpeﬁ_m_mcreas;‘éda_&_wbso_tmc&ased. |
DrooortmaaL_to_tbe_sbth&Ldﬁcurr&ﬂt a

ie. E oo @ N -  Bub, e Teh
L — N 31 t a IS}‘] N
P Now, -
i E_.&___g. ISIM X N' —
It E ISh_e_ x N?. I
L S, E - 222-48xi1-1x 1080
L [-O45 x 1000
| o E=x 25292 V "
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As the armature losses are the same for mo{sor

generator , armatuvre current Ia will be bhe samf,
{ L.E. _LA’50,|_’A i
[
1! Eq = V+ITaRa SV =Ee-TaRg |
| +230+56-+x 045 = 25292 -50:1x0°15
2552V iz = 245-4 V K |
| Ta =1L +Tsh . = |
5O-t = T + I
oo I]_ - éq A
Pou&LQMas Generatoy = VxI,
: RO 2454 x 49
— — 12024 -
- Power o!p as_Generator = 2% RUJ I
1
_m— . oy

I

.

7
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I A POoJLJnagjbmb_mmpauadLmu@gmmtaLbas_a_

| Foll Load. olp of 20 k. The variouvs resistances are

as Follows

:)ormo'bute_[ incl. brush cacztaab) O-150

i) series field 0-0250

. Wshunt field Cincl. fie

i)interpole Field 0-028.0
Ld. regulator vesistance) 1150,
The iron losses ab full load. are #80 W & the Frickion

& windage Losses are 5a0wW . Caleulake the
| Full Load efficiency.

. | Gwves Darta:
V=200 V ~ Re=0-0250
|| Power olpg =20k Rig = 0-028 O
Ra=015 O Reh= 1150 _
L | Ir%o_lassq,,_ :F80 W Robabion loss = 540 W)
Sob ™ PRI

| Line current, T = Power olp

At Full Load,

¥ e

= 100 A

&>

I(h = ___V

Rsh |

Ish = 200 /115

Isb -l?éﬂ




Now, Tp =T, +T:h

il ne b g = 100 + I-3¢ |
ee Lp = 101-F4 A —d
Culess in Armature = Ta®Ra ]
= 101 24%x (015+0-025+0-028)
2210126 W

| Cu Loss in Shunt field = Tih? R<h

1-F4% x (15

348:1F W

| Tobal Cu Loss =2101-26 + 34817

= 24494 W

Tobal losses = 2449 -4 +780 +590 -

= 3319 4
Now , |
‘ Q’FL - S/P - x LOO Zs S
_o/p + Tobal losses
. 20x 103 <« 10O 7.

 20x10% + 3819-4

-.o h = 83q6 7-

FL




AC FuNDAMENTALS :

7) For a Sinusoidal wave., : ]

> —t

V; = Vmax Sin GIE & bi * Lmae SiN Wt

where, Wb — ﬁngukzufetooi'bg

F) . PxN  py . 2 |
120 A
where, P —> No.of Poles B S
N —> RPM |
‘[ﬁ) Time Period., T = I secs - |
£
X also £_ | Hz

T

@D TUITIONS /T OLOGIES

A) Wlaveroria: The shape of the cur MMD@%M
| the inskankaneovs values of

current as an ordinabe ggainst bime as an a

| P N
\ / N H‘D—‘%i |

\/ NI =

N TV B

B An Aureenaring Comeent or Vi Veurage is one., the. circoib |

divechion of uh&hmimgu@@mmag &

m-!;&n/n Ls. - =
—

-
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alkernabi iby is. hvnoma as a cycle.
A cycle, may also 3 ied. in berms of

e . In thab case , one c@mplﬁﬁic&aw

f _sa@tojptmri over 360° or 23t radians.

[ to compl.
time D&riod. i .
£)FReqUENGY - The no. of s called, the.
L £r e albernating quankiby .

£) AMPLITUDE - m&mw arLaLthmﬁJng

w@ibmmam:bs amphﬁu%

Ex. The Dbm&_aﬁﬂz&wam

" )5 a-b Do:rrb A is T/ secs.

2%

where T is the $ime -

Mmm

JPK&SSMH‘QS P

~ _anangle,itis

/2 vadians




elassmate

Qm—0
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—

Q)RQQLME&&M_@;LM: The rmuabzﬁ_cﬁamﬂ

by that skeady

given: bime. produces the. same heat as produced. by the

i _ _ ircuit for the same.
Lime . |
J&Mﬁwﬁmmrmmm% _
@ RectiFicaTioN  (Conver ﬁing AC $o DC) _q.}
A)Hae Wave RECTIFIER, 1
f or Max | DJf _ h
RN ol L, TN A~
] -__Do_cﬁ/ﬂ_\c@z gg b LN A W
ha ]
|
Vams o Vimax. _ Tems, Imax
2 2
Mos,vqm.a - _v,m IW—I%B&
brd i 1
— |BFu Wave RecTIFIER 4;
A"
7o X Zowy |
/A N— -
: "/ N Ty |
< { 1
i/ D: |3 I
W/\v/\\ —— 5 P
£ . ' 1




. Vems. Vmax Lems . Lmax
2 R 2
- VDAvana = 2., VEIAE Ihivﬂaﬂ. - zaIMa‘
T n SRS J-C'
0) L
A) Peaix / AmpriTupE FacTon or CREST :
Kp. Max. value
yms value
B) Form Facror:
14 g - _K_QQ QL_QQ
avg. valve ~
~
30_3 AC THrougH A Pure OHmic RESISTANCE ONLY :
L > PAA _~ ~ H“\- I
I L \\\\ ’4 >-b-
OV \\” .
\&Y —
e b
| R BN V & I are m—Dhase

ha 4 v £ ! > @ O

pamfaaﬁzz,coﬁ_LJ_

whpre

AnguLL_\ZaIaaleJm_md/sec
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@) AC ThrougH INDUCTANCE ONLY N
v
L - ool il
* oo, N\ wT 1
T A : : ‘\ L >‘}:
B \ —
& LNV
\'4 G R
e —
.‘_/_ = Z _:_XL - =
I . 'z -
Xe = 2% fL = LG
here, B
X.. —> Indvcbdbee Reackance |
M@MM ALONE :
- T
S 15[/~ vV o
Iy { 7] l'\ \\ Jj ¥ i ‘\ T
o\ N RS, Y + S,
& 5 _
Y 2. X¢ T leads v i
b i Pig ,COS P = i3
&= ! = J S
2nfC  ®C B
lwhere, -
Xe —> Capacitive Reacbance 5
—F
_
|
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- _ Series AC Circuits Y
%) R-L CieniT .
— | . \/AvA‘Rn“ 7 - HL‘ —
- - VR, Hd— ‘\/L—_“"’]
| 28 __4 /A
v
i _M_&__ _VOHH! o Ve = T xXe Volts
== Il K;_ = 2%? L .
= L £ I L
e — y / -
V:Va+Vh v A N
/ Z/ T MPEDANCE
TRIANGLE
A J T, /49
VR,
| where, AN
R —> Active Component
Mﬁjye_@mpamnﬁ__m u
Z —> Impedanca_ojg_ﬂ)ﬁ_dz-b,
Now, ) S

"4 "'_AE/R:_:I'_ .Lz — |
ie. V= TJR?+X%,.2

W Vrptmz o
\ B Z = JR%+ X2 —> i) m -
2N _Pﬁ,_cgs_¢__l_?.:_ %j; —> i)
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e Date a
Paqe
9 R- T i |
i ok
—AAAA H — 19
TN e——Pd— Ve—H VR. = I)& R/ VOL'b.S | |
N AN Ve = T xXe Volts i
N NGAY;
where, ) L
Xe . L ) i
2nf C i
- | @) _ R
wCr_) C i
v&\r\ \.I R—’ N -
? ’ g
Y3
] v\ g Z\ ]
e )
V = Vg. + -V-c.
Ve J\ZBE-I' Ve® .
= T Rz\" Xc.z 4
| .‘0 V/I = z ) .
|
| L
Z =Jer+ X —> i) -
D.-?.; Cos d = Y leadinag — il,) 4
J - <
Z i
____}'w
_____/f-..
=
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|/_ e
- @) RLC Circoir
& AAAA A8 .10 :iL_
- - IA ﬁ Ve Pt Vi ti4 — v

o 72 S ——

Uy
Ve = Tx R__Volbs

| | V. = Tx X, Volts where, X = Zn:ﬁxL DL O

| U Ve=TxX: Volbs  where, X = Vowfrc= 1/one £

_|greater than the. _capacibive component.
e, X, 2Xe

.5 V2= Vat+e Cva- Ved* 2 /‘)f

I
v rrRre x> o]
1

e @ s N
g rI
V:I JEz-!'(XL“XCDZ e _-__\_,R'_ comzon e e s
Ve b=--—-opz

W Xe S T |

L M._&_— lagging if X0 > Xe
- anwZ J.Pnd,lgg_“g Xe 2 Xy

| * when X, = )(, _the circvit is said. o be a
. ‘Resonant C:rc.m'b
) | N | T R T B S i ) —




elassmate
Qum—=C
- If X, <X ,then ]
Z = Jaz"'CXG'XL)z ﬁqk
VL. G,_)( XL. B R
< —
S o i Ry -
$ 7 3 N o TEE -
i
LVNV \:\ C',’{D’%Q \\j
Y o L. ' - u
\/c. w - XC; o o 3
~ff) Power FacTor i
-1t Mﬁned as
; ‘ F Lead or lag
i) the ratio R . Resisbance. ol
- Z  TIepedance
i) the ratio W . _ Wakh
VA VOMW_.___
_|-Tt should. be remembered, that in an AC circvit the |
produch of rms volbs & yms :ve.s 3
vol;b amperes vR) & nob HQLPQM&LCM |
- Trve Powﬁr_-\labi;&mper&.s__L _PQML{?QQ}ZQL ]
I 2.0 : VA x cos@P .
KW = KVA x cos ;O o
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==
: b pom&L.EQ chor is deBined. ns the webin oF real. power
| S—| mappaz@atpower
L - Power fackor is LL&UZ)PLﬂ way tio d@&au&ajm
| of the current: ev_in the Load.

-&p.ff’ of upiby Caa..tcml@) indicates that 1007 of

bhe current is @Dtmbut:zé i_pouﬁ in the load.
_while a Df of zero indi noneﬁﬂbbe—

I Quzmnicanizabut&s to power inthe load..

) Ackive. Compaamt._L'bbat_u_dus in phase with
_._._tb volt ie. Ioos@.

-Also known as Natbful’ component.

w Reactive Cgmpon@m‘z, is bhat which is in cg«zad,mtuxﬁ

with the appli @Lmﬁa%

.Lsmd

-Also Rhown as bJaHJLess or Idie_mpamL

"~ PoweR TRIANGLE

ApPARENT FowER = Vs x Lams

i o \L_ﬁ/ REACTIVE
P KVAr pf cos @ - K/ ikva
AP .
AcTive
KVA = J K2 o KVAL2




KW = KVA x cos @

K —> Type/Active / Wattful /In-phase Power

—]

KVAy = KVAxsIn @ |

—_—y

KVA, —> Wathless /Reactive / Out of pba,sa Powser |
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Q.| Compare the Series & Parallel. Resonance circuits. Find.
L Hveﬁquemgg_atubmb_tb&fo Lowing circuit resonates.
Ars>- b _
B B SERIES ParaLLer
| ResoNANCE RESONANCE
_ & o, Tk A e I, . rm
— . A A A Cana i RS
E Circuibt - < * N -
T IA T e
- -
Resonant |Ab Resondnce, Xc=Xc. | Ak Resonance, L/c =72,
cond.ition |.. Net Reackance is zero | .. Neb Suscepbance is zero
L Current L=V/R & is Maximvm| L= Y/ r & is Minimum
|._.._._ . I O
Imped,ance Z=R & is Minimum. Z:=L/cR & is Maxiowm
- Admitbance is Maximum | Admitkance = Conduckance.
| S Power Facbor Unii;tj U.Dltﬁ - o
Resonant - £ [ _R?
S Freqp@nc_tj 2rndlc 2 \/LC L*
Acceptor circuib | Rejector circuit _
L Peouuar_yauzagag@os;ﬁze.@u; Cuam:iaimul.aﬁngjzabam
| _Feabures  |more ﬁ;am&tag&agmss__ﬁﬁlbmnd)eﬁimanﬂ_
| | the capacitance dve to | times greaber than the
L resistance. Line corrent From supply.
L e vesonance + |~ Current resonance. +
. VoH;age magn'raeie,r Current ._magm’fl&r
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C

- Qualiby_Fackor, @ = L 9/R is same for both the |

circuibs 3
R, L=0H  Ci=2HF | "534 3
e_l-*SQ o I{ e SAATA Vi _
- I R; =102 1\
(E:IZ‘EM‘E_ —
<3

Total Induckance io the circuvit —> L

—

L L:-l'Lz

"

01402

L =0-3H

Total Capacibance in the circuib —> C

L

O |-
o
O

C = O-4UF _4

At Resonant Conditions, X.:=x. —:
i 25 F L RIS ;_M
2nf C 4
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LY 2 |

] (2x)*LC

Resonant Fraq;&aagﬁ_fg;fi_; [

2%z JLC

1

S,

22 NO3x0-4x107¢
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A haa:‘z&umhiadugtamhaﬁ_a_mﬂsﬁaace of 6-50

MMMOMMJ J.ubaj‘:_50 Hz |

| volbage would. it be svitable when placed ip series

mihmqtmbb&mLappmatuiaﬁaegL@bLﬂ_ﬁtsﬁaacLﬁ

vinQ

HP‘;‘Lu 57 & this voLJ;aae réemains cobstant . wha

would, be the resulting d:zaoga Qﬁmbtagaak_{b&m

kerminals ?

= e — e ma

) l
AA A (T

A AR

R=650 L=0-0O'H i

1
| -

A

&Y, = 7
$:50Hz k/\(: 100V

Sel™

Resistance of the Heater, R = 6-502

Working vobb'gg_&_,_\&LQQ_\L
|

-, Max. curraﬁIb_PSLmj55ibL&_ﬁlmu&b_‘&zﬂ_bmﬁer ,

I-V/p = 100/ 5

" T =15-38 Amos

TInductive Reactance, X, = 2 T Tﬁ L

: 25t x 50 x 0-01

Y XL = 3°’Q_Q_

Imppdnnce} Z 2dR*+ X, 2
- = N6-5%+ 3142

= J52.1096

.0. z = 7"22Q

sstki\k&\\\!\tt
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MmApphaabL&_VQHzaga% IxZ 0
AR B e 2D 05 AT _
| X bl | Mags Ui OBy Y

fad;mLm&e;ﬁmmdmv bo_give 100V _
heaaﬁg

.{-,o the

" Frequ ri —
The gezz %@pﬁﬂ&ﬂ, f- £+ 52.0f8F
= 50+005x50 I
o = 525 Hz
o New Inductive Reackance, X, : 25k, L
_ = 29 x h2-5x 00l
= 3:299 0

- Je5*+ 32997 - /5313

. _MP@%L z J-z.-l:-X_Luzf .

.0. Zl = ¥'28qﬂ

| New Heater current., I, = Vapplfiid/Z; = ”'0_04/7-28‘?
& _es XIy= 15.23 Ampj
9 New Ve LbagL@ Heater Teyminal , Vi = T xR = 1523 x6-5
| <. V= 498-99 VvV
i 1 . !;IZ(][IE}& ![QLEI:S& V = Vn 2
- = 100 - g98-99
= s D1 X




elassmate

Date
Page

&

e =

—=

| Draw the circuit of Half wave m.‘i.QbLf:éL&_.lﬁs_Qubpuﬁ_.
aveform. A diode whose inker

W nal resistance is 2002 s |
o su r o 1000 2 Load. From 11OV (yms) source. |

Calculabe : ) Peak. load current

WAC Load current

S0L”

N

N 7 2’

//”\ F =

[

CrPrOor

N A

/p WaveFoR™ e

AA AR
YYVVV

n ¥ =2002

bt

D

g

AD

[ i |

VOV rms

-

W

i) Peah. Load, current, Ty, -

Votan.

R+ r

|

P00 sexl

-
-

155-56 V

155-56

IMQ;___:_

1000 + 20

-
-

152-51 m A

IM_A_Lz

152-51 mA
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i) DC Load. current , Ipc = Imax

g A

g /52 Bl

Topc= 4854 mA

iﬁ) AC Load. Quttm_t,_lgg_;_;—ﬁ&_ =
2

[ IAC = '525‘/2

. = '2 m{é-
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with a. coil of inductance 01 H & resistance £ 2. IF |

100 v aﬁ_ﬁ@%ﬂ&a@aump;mmwmtim

the current flowina.

R=302 N A —— )
S AAA L_aa MY 1

)} ria_Lo-iH

R +r

o
-‘
W

3+ 1

1"

4 0)

2> x b0 x O}

31-42 0

b

Now,

= IRTZ+ )(l..z b - |
- J 4%+ 3142

= V100322

Z= 3672 (2

Bk, Z:=V/1

= T =V/g

: 100/31.6%

S L= 3158 Amps

| |
O W O
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| Three impedances, z=5+j4 are conneabai &Mfomaf&

]beummuzagijﬁ 120 Volbs. Find. :

a) Phase current #J[QLLBM.‘M!B in owcu:-b

b) PouﬁLfam‘zo__—d) linecorpengg., |

ITrdvctive Load

| AN *Nobe: D6 Ja
V=120V Q‘;\y Vg Res/istonce A
. > = — Eapacitive-Load

v / 5+ 4 \ 5@J L,

Resistance ~c
Sob”

i ke Joord s on indeekive Jeek

Impﬂdance. Z =JBZ+ X 2

= J524 42
Z = 64020 . —
| Ton=Vz - 120/, 4O L.:=J3 Tpn
o 3 x 1845
© Toh:= 1875 A _ T, =3248 A
_cos @ = Rz
= 5/5.40
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Il A resistance of 1300 & a_mp_aato_mie 30 MF are

connected, in Parallel. across a 230 Volt , 50 Hz _.ﬂzpp){.!r

bind the current in each component, tobal current,

Dbaqe angle & the Power consumed..

J
> _VA AV_AV
* R:=Borz
e ] —
T A C = 500MF
PV LTIN
Sob™ o

I
T.=V"x. where, X = '/osfc -“-{MM;‘____

... Xr - 'Oé"-c)-

:a It' = 230/’06"

G T = 20F A

Vector Sum, I = T 5 Lt

= JI- 7724 272

e
e = 2-
——————

cos @ = Lo/ - Ve

cos @ = 0:632

|

@ = cos™(0-632)

,\

* " @
a8 il bt
P

&

Power VI x cos @

[ 11

[

230 x2-8 x O 632

. Power = LOF N

i

i

il
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|| A coil havi

. of 109 & an induckance of

015 H_is connecbed. in series with Q.mpaalﬁamoxmi

i Lao_v_,_.‘io_t{LsuppLﬂ_i the current & v

are.

buaLuaof.ﬁzmzszua_

—--_...—-_n

5:50&(\}9\/:1001/

Ve,

Sol™

__. e
r
|

Tna R-L-C circvib , mbaa_&zmam'b_& mbhaga are
in- Dbase it is said. to be in resonant condibion.

At resonant CDQdeijD, X = X(_

Now,

Z = V/I 'JRz L “Xc)

X,=2n¥L

= 292 x 50 x 015

e Xy = 4F12 02
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Impedanma of the coil, Zeg JR?+ X, 2 9§
= J10%+ 47127 4

e = J2320-29
-.. Z&_L = ZIBI?' £ - 1
vol,bage_dzap_acm.sijize_md 2 T x Zeoil 1
| = |0 x 4&IF 3
= LBI-F V 4

Ve = 4812V

L .
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: LA coil MMMOQMQQ&_:L connected
| in series waHLa,_capaQerr_of l
£ DFind, bhﬁ.ﬁeqmn&g For resonance. & the Doﬁmi‘mL
W | mﬁﬁeme_aarog 'ﬁ}a_mpwﬁﬁ_ﬁe_mi o - AR
across both when a current of é&ab_ﬁuifmquﬁacu i5
L= WIDG ) S
i) Find. %LLWM&@MM@& fLQm_
ab 60 Hz X :bbs__iuppLu voLbaae
Y . roren 1 Gt Vi
e Liomm 1T )
- F — 5T N
S
Ve
- Isel”™ | o -
‘l'-"or a series R-L-C circuvit B 1
D) . .
I Rﬁsanahngfzeqp&aagr,_ﬁ_
j B i Be, | * -
Mx 14x107¢
, "_:-::'> a

XL 2 27‘(.?:: L

= 7% x QGQIK_O_SQ_

ve X = 244959




clagsmate

Date
Page

Now, |
Valbage diop across the induchive coil = T x X. 1

i V..# = 5)( ZQQQ5 —
o.o VL‘,.V = 1224'?5 V —

_Voltage drop across resisbance , Vq,= IxR N

L = . S5xb0 3

aoo V&Q__:_' 250 V —3

!

_ = * o+ 1224-75%

Ve = 1250 V —> b)

Voltage drop across capacitor = T x Xc |

BU'b__} Xz Xe

so Meg = Tx Xy _ _

L.e. V. = 25 V - C) L

L ce 4
— Veorcapaciter = 260V —>d)

= 2% x 60 x 0-84

Xy = 3[6'6¥Q
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i&—
E Volbage drop across the inductive reactance coil, -
+— VL = I X x:.. L
: = bx 316-67# Al O
i coo VL__"' = l533 35 V
:r_ Vd,baae d,mp_aamss the resistance., Va= IxR -

= 250 Vv

Vobfsaae d,mD across the COIL Vmu._sbl.._‘r_\/n.z [

: J1583.35% + 250>

Ver 2 1602:G6 V. —> @) [

VOLtagajm;Laamjsjizc_capagi tor,

Vcapacitor = I xXe o
= I x 1
| 22 £ C
=5, |

27 x 60 x 14x107

i -\_/_r.gpgc_i‘_:ggr = qz-li 35 vV —> b)

y i i = V-V,
L = 1583:35 - 94735
- — Veoib+ copaciter = 656 V —C)
S z J6367% + e
Visupply :_683 37V — d)




_—

classmate

Date
l’_

J}))‘/

The lo e | .}" _QQM ILiLitS__Qze. a

solencid into which an iren plunger is drawn against a.

spring. The resisbance of the solencid is 350 . When

_ eonnested oo MHAALSU auzzmt_tczﬁ@mQL

First is 28 & ‘when the plu inko_its Full-in

position the cwr-em" fqm_ma Qa&u&giiﬂm_ndmi

MMM@MMMrM& %

of the DLuﬂG&r

D o ot o

SRRING

PP . 1 P — |
I AT H A 0 L = - . |

T ]

COLENDID, RE350Z g

Sol™

) PLUNQER. FuL Our Pos™

AAA ety oeal _ = =
T S - Z = V/Ioor 4
2A [NV 2220V _ T = 220 /2 |
\_/#-50Hz '
1 Le., Z:= {10 52 .
Also, 3 Now, b
Z‘JR;?"!'XLZ _ X = L our _3
Z%: R24x, % el = XL/ on £ B
S X2y zZ2-RE - 10428 /5 x 50 s
3 = J110%- 35* ' |
S Xz 10428 02 oo s 0352 H 2
2
4
_../L
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¥
b i) PLU!%EB:_EQLLJIQQ,S.L—* ¥ b
DA [THNITT A
|| 1 T R, 35ﬂ L z—— LV /_Im
O7A
1L \V:220V wihis? iy 220/0 -F
-\ /¥=50Hz
|8 -y e B s Bl 28 £ .
1 We kRnow, Bub, . _
Z = JR*+ X, * Xy = 2)2'..79:: Lin
+— -.-_ . = Z'sz s = n’c L-u.l = XI.. /276:!9
13 = J314-28 - 352 = 31232 /55 x50
= 312-322 O o Lin 20994 H N
'lii> _ .
- I wWeknow,
L= NP/t o
where, . I
L ~=> Flux L ere @ —=> Flux in b
N —> No.of burps
", Max. fuzﬁ_habage_wﬂant_ Lndmﬁaaa&z_B&aMLu& of
corrent
£ = Lz X IMQ}; i
2 Livx TrmsxJ2 . S
| 3 2 0:Qas x 0-F xIZ
- Max. flux linkage = 0-984 Wb-Turns .
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ILA resistance of 100 & induckive reackance of 102 | in series

are connec-bad in parallel with a moaatoy The circoit is

—

.Laaana Corrent Erom the source is 6A. Calculate the

value. Q&capoamuge"..

00V _Humm_mg_ip_g_o_o_&ﬁ

LA (YA 3 =

1Iﬂ Bion  Xslom

s
I 1 o W
oA V00V b |
| p.?{iead‘ J¥:50Hz
Sol™ -
ZL=JR1+ XLZ' |
=Jlo’-+ 102
= 14004 02
I ‘JIAZ'PIQZ . e -
Rut, N |
Taz>Ixcos@® R |
: 6 x0-833 B |
= 4-QQ8 A _u
o Ta oJT°-T.2 1
i = J6%-4498* B
= 3-32 A .
Fl‘_’)l’ Branch A, B

T, =V/7a - 'Oo/f&'lg
S T F-0FA

e
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_Now,

Le = - Ilsf[ZQg + Lo Sin ¢B

s B32 - -20F 27 +- Ty

—

: 332+ 7.07 x i1y

P8 e
: 832 A
_For Branch B, it
Xe =2 Y/, =190/2.3>
ee Xe = 12-:02 .02
| | Bub, - ~
Xe - ' : N
2nfC
Y o Coo :
) 25tF x Xe 25t x 50x12:02 ]

C= 265 UF




RA Ba%erg cbazgmgLth i5_shou in Fig. 1

resistance of the diode can be considered, o igible & th
reverse resisbance infinite. The mmmsﬁﬁ’@ﬁg b‘mi

bakbery is negLioibL@ . @Lcu}éﬁe_ﬁze_ae.ggssar% valve of
the woriakle resishance R, sothat the bobber '

current is 1-OA

= = -3

50Ln'

—4

A) Peak, REcTIFIER

Peak RecTiFIER

Re ] Rr

A AN

o +

Ty —=©o T M//Ak ‘AR
N

l
V.. | B Do \, M
l

i DA

| &

|
|
1
|
|
1
D-Z»n/ Cl 1
|
|
i

- Supply volbage, v(t) = Vm sin @t

- Voltage across the load. resisbor, R, will be

Ve o Vea = Toc o 1 _ Toc (Re+Re)
LFC
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B) o _[r>|l Iﬁil T el -
| 17%4 e
Suppry ¥2200sin Wb ~ 100V | Loy
Vorrage e
I
= Vmn sin (Wt : b2 el i ( "
I00 = 200 sin @t
os Sln G-D‘b = 05 Pa—— -
¥ = sin” 05> .
A A
205’ - = —7\
00 FA————\
. I
i Jl i\n T 25t
e %’ _ 5)% \\ .:- ,fl S
\\ “f %
et — \ ......:.._i_ ‘_......_7! — — LA —
- \ | /
‘ol

* Charging current uLLLJz&_pLQS@J)b_QDJ@_ibe&_tQ&LQD_A
/6 < G < 5%/e .

w:LL tbe circvit conduct

| During conduckion, V = 200sin @b




le. T, 200 sip @t - 100 — 4

R : 4

Charging cvrrent , T 2 L4 —> Given .

| Assume Wkt =0 i

S L . 200 .5ib 8 - 100

R

1409 . | (200sin6-100)dO = Mubbfplﬁing____

4.
R both sides

o  with d®&

Now, Inbearabing Ffor 1 complete cucle
= = r 3

jfi 4o . Jl‘f(zoosinhea -100)d6
ry

i
o R I
z e 5%/ —+
fe]j = 1 ["ZOO oS B - 10 :r./cs g b
R ) g
251-0 . 1 16200 c0s 5 - 100x5%) - (-200 cos™6-100x"%6)] |
RN ”. o

IR = [-200 < %3 - 5007 + 200D v 1006 | |

- —t

o‘l___.lZL_BL.: [200):\[3. - AOOn/é_] : ___=3
SR 10003 _ 200 | B
IL 6 ] _ R

u.p R = 2" 8 Q R ey T —
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JLA movmg_mLamm&b&LJJil&mmeat&L& _Q._L{'BCJZL&&

Lare in series with a. resistor across a OV sinvsoickal.

AC SUDDLH. The circuit has a resistance of 500 &n

| current in one direckion & due to reckifier , an infinite

resisbance to corrent in the veverse direction.

Calcvlate . ql&&gimgs_mﬁb@&zmat&rﬁ 3
) Form & Peak. factors of the current wave.

l50b™

Vac =110V

]
%

Moving coil._metber readis DG (Avg. valve) & has a Linear

' scale

-Thermal. ammeber reads AC CrMS valved & has a

non- Linear scale.

VQ-M—"%—Q&_— SRR . 1, 7 Wb i, o - \_/_j:[_ei_

_—

===

\P

So Viae. = VamsxIZ

-
=

HO x 2 b0

= 5556V = 21A

1) Rmdmg on Movip Lb_ﬂmm&ber-
—Im.ﬁ_: 2 x 3 [

T

2 M

__Buk, this DC meber doss nob conduch dwmg_ibe
_half qyole of the LP_S_Q_QQLQ_
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R
o Tgeo b o 2530l i 4
2 5 3
H.._n._t_ﬁ_]_:_nc.ﬁ: O-dq A —2 Q) 4
R,eadmg_QLLTb&tmaL_Amm&t@L |
Tams: L max :_J__—i_l_!
a 2 2 R
oo Tems = 1-5¢ A —> b) .
ii) _ :
__Form fackor, Ks . RMS value i
Avg. valve
Kg. 156
0-qQq
Kg = 1:5% — ©) |
*E&QR,_M_E_P@_K_M L
_ _RMS value |
+ M_..—LL —
I-56 B |
. KKp = 199 —> d,)
L R
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-A Transformer is a stabic (or Statmm%)_pﬁc& of

anoam-h)s bg_m&ans_aﬁmbmgmm;mﬂﬂ_ma E—
sirentk is Brgrelarmer] bn electric power of the same |

:quuﬂ)cg_l&anotb& circit. B |

-It can raise or lower Hhe voLtagmaj._Qmub_bizb with |

a co rresoond.ma decrease or increase in cuorrent. |

Ibz_PbgéimL_baSJS_ of a bransformer is mubval. |

induction bebwee WM&M
magnatlaﬁm

1) |
- EMF (Eleckro Mo-bivé_ Force) is for current |
-MMF Cmgﬂgmﬂaﬂm_ | 1

/L - R,esisb'ancé m""’e/gﬁ = Relvcbance (s - §

- Flox densiby . B = - 1

1)) PeameagiiTy i, | j
- It is the properby of the magnetic material to allows |
magnetic. Flux bo pass through. .

Absolute ._Relative x Permeability of
Per | bl P&maambdz& _ Free 5pac,e. 4

J’L = “Rp X ua
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e ey 65 a
X _For Air, Vacoum , Ko = 43t x 1077 H/m ke O
U = 8/H___, H/m |
_P H = mm?}fﬂ NxI/L _ -
T - , —
L g EMF EQuaTION ©F A TRANSEORMER.
I “ ~ - ) L
. o ;i“ {:1:2. 2 T,.z N: —>No. of burns in Pri
¥ el Y Ny —No. of burns in Secondar
I webers
@m = BxA Wb = T o e

________ E,,M5 4 bty ENi@Bm = 4oty ENyBuA N
| 1% For an idecl transformer an no load

: Vi=E & Mz’ﬁ_z_.___._;_... | | |
L | where, Vo —> Terminal volboge




- — - A— -

DIf Na >J\_1L_,_I$L,>,L_—>itapUp_IEQD.sfotL:

DILF N, >Nz , K<L —> Shep Down Transformer

Again for an ideal Brapsformer, _ |

Input VA =z O_prut VA

I, v, =TV,
o .'T;’.'-. s Vo el
i I V2 £
Also, ) ]
LIe . Vz . Nz S Le o Na - 3
Iz Vl N, I‘-?- ___Nl o
& ol |

NZ. Nf . .

e em¥ /turn of e—m:}g/ turn of n

{15

secondary Drimaru
= t =
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E6F

e

__74@__&&:& m:gﬂ:‘a&m@ -
- VA / KK & or VA
L Baﬁ&i in M -
T x —
1 A 2 From Power 1 Le,
= KN = KVAy cos @
P o e V /7l - o
- <20 <~/ >< _ But,
25 - .
) / Q cos @ is uvnRnown
/( ¢ a Jraos:%rmers are rated in JQ_/A
AC'TWP%NER, ,DO'b
| B x NoL | o
i@ LOSSES IN A TRANSFORIMER,
1 o
4 i@ze_bass__at Lron Loss S
a) Flux Loss CJ.eah,aae loss + Hg.sfe;—e.ﬂs_las_i)
E» E}iCbJ‘LDSS o ~
L ~_2) Copper loss
4 ) Primary b) 58&0&@!3 ol
<
je @ww&mﬁ& B
_JF. e
: m)‘fr%\ ﬁ?ﬁzﬁ\ 2
& A H{;’ PrI. SEC. @_’F
i RESISTANCE LEAKAGE A SISTANCE
ReacTaNCE REACTANCE
. | R I
AL v b L Ve
JL X N, N
1 )




A) Primary |
' i z . |
Ro= R, + R, _[N/Nz] 1S 4
= 2 T _“‘1'
Xow = Xy + X5 LNl/Nz | o |
s Z,_mz_s&mz + xolz _:
B) Seconpary ;
) 712

R,n.7-=R'2.+ Qa [,_Nz_/Nl] R

] z o

Xoz = Xz + X, [Nz/Nlj
2 _Zm_‘._\];Razz_*X_pzz

£ OF A TRANS FORMER.
7. . olp , 100 B
hip 2 i |
- O/p » 100 il B |
i o/p + losses L
4
7N . olp x 100 o
O/P + Wiron + Wy g |
FL %h . KVAcos@ 100 4
| KVA cos @ + Wiren + Wea . |
H.L. 4 n (/2 ) KVA cos @ % 100 _3
(_'/2) KVA cos ¢ + Wiron + Nc"/q 2




e
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o ‘" fond, % uxKVACOSD . 100
D 3 K'VA cos ¢ + Wﬁ:an + 302)(. NG_Q.
where, o
ulaadiag_faataz_C&auaﬁ_;_Q to 1, ie O kolOOL)
. J,Ld,c;u_;l Zn . o/pin RWh in 24 hrs. x 100
. —_klp in RIW h
%) Reguiarion
2 I-L%vm}zion . Viny - Ve 100
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| Q| Ina 25KVA, 3300/2 33_\4_&131.& phase transformer, the ivon _
U & Full Lload. Cu. losses are 350 & 4LOO 1 r&so&:‘;:v&lu _
i Calevlate the 6-%%616[?6!4 ak ha@@ﬁ&paaﬁfam
I GnmL 8
| Swmﬂlamszmar_zzgczazz v
| KVA > 25 [KVA Wiz 350 W) aeu 2 4OO L
L 5ol R
! Loading factor , x = 05
il e, h.now =
__W____Inan,st remains the MM B
= 0-35 K

} __Half load Cu loss, W, = ac?*x l»JmF.,__.. N
| - 1, 40O _
| . 4
4 = 100U or O Kw
L HLAn . o x KVAcos @ « 10D o
- 2 x KVA cos@ + Wiren,, t+ &Wey,, b
; AN 05525 x 08 100 -
1 O-5x25x0-8 + 0-35+ 0| _
| o e, = 9569 %
1 (S 4
_ | . |
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| T_Hz foﬂ.awagt%ubtiw_&& obtained. on a. M‘Qﬂ'mo.ﬂ%zm

pen circrib best i Primary voltage = 3300 v =

=415 V

primarg power = L3O W E

 Short circuib test: Primary voltage = 124 v

_ Pn'mow current = 15-3 A

Pmrr)ar-u Power = 525 W

‘ - _&mada%g rrent = $ull load, valve.
Caleculate:

D) The efficiencies ab Zull lead &haiﬁ!@ad_far in*_

u) The voLtaoﬂ_rﬁgu_La:bLQQs .79 LDQ;

b le

ii'D_Tb&fLe_mad.axgr f;e):m;ml_mlﬁagms_m EASPQQCLLD%_L

D @ + b)

) éoL bl

For amapmbt_tﬂsﬁ_, ptimaéurpxmwﬂ'_-'-llm_l.oss

0'0 _Ni.vag = 430 W = OQ3 _KKJ

1]
&

For qiMMrim »

do Wy = 525 ) = Q525_ML

w73 short cht, test | the supply voltage is V@Zﬁjﬁ_‘

SO Lroﬁwm_ﬁlﬁ_&m@ﬂ S

V@rg small ,ﬂzusj__pmmnrﬁ &Dr)a_fey 15 e;ff/nﬁ/. +to G, lOS%

R KVA cos P L 100

KVAcos @ + Wiron + We,

P . o. x0 7 100
50x0-7 + 0-43 + 0-525

N
5




elassmate
Qu—0"C
—
L_Zp_ = 97347 —> ) full Load
Now, ; - _:
7 5 b s Xxi4VAcosd x 100 1
o xKVA cos @ + Wiron + 9c*x We, .
where., _ 4
m—éJﬁadLQg_faaﬁQLLm /2 or 0.5 8
N, - _OOox50x0% % 100 |
O-5x50x0'#% + 0-43 + O-5*x 0-825
; | |
Lo 4N = 96897 —> ) hal.f load. |
Now
From short cht. test,
- Zm = Vi /Il ﬂ
24 /15.3
. Zoz: 8l
Ro = Pri. Power 5 P, Power = Culoss = T*R B
e e
o.v Rg{_n = 52'5/1532'
= 224 £

Thus,

 Xgsd Za® - Ra®

= JBI* - 2247

nol Xol - ?'79 -Q

KLL\L&\\
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Also,

cos P = O-F

S @ = cos(0F)

S Pz 455%°

Thus,

Sip @ = _sin (459
= O Fiy

For Lagging p.f. 0-F

% Volbage Requlation . TRoncos @ + Xeisin@) . 100
Ve

s ZVR,: 'é'éﬁZ'ZQgQ‘__Zi 7‘7850’7!9) <« 100

3300

L L VR = 33%  down — ) adlagging

For Leadina p.f. O-Z
S

% VR, Ti(Racos®- Xasin@) , 100

174
e S VR . 15-3(224x0F -}:-7&0-1_:52 100
3200

Se L VR = =18 A 5158 — Wb jgéz%

- Ve sign indimt&s J,ead}ng P.?.
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Now, |
:rowmmmm&mmmgﬂsﬁ
are S w —
o for lagging pf. J
[erminal v e = 415 = (4150033 |
= 4o01-3aaV i
b) For Jéacm_g?p__fi_ , 3
Terminal vol. = 415 - (415 x -0-08
2 422.-LF V
—1
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|| The Dnmar jic 5&@9@5_1& 0)9@_50 ! IS
" I‘Sron5190rmer have resistances oFf O-425 & O. OO!C!-Q- résp.

| The. Drlmatg,_mgmiarﬂ_abéages are [1OOOV + 415V
resp. & the core loss is 2:9Q KW, assvm :Dg“ﬁ?ﬁ_p;of the

) FFiciencies on

D Full -LOQCL i)_half load aaich

o AN A [ .1, 8.1, -
e WYY
Y reo4z0 R:0-004 :I:

v.:“@{ : E l»\/z 415 V
y r -

G[VEM'.- o R
KVA = 500  Wiren = 29 K pf,cosP=08
Riz0-420 V, = L1000 V -
Rz O-00IGL2 V2= 415V )

5ol
M@mugﬁmmuﬁsmmaﬁﬂzapzmar#_
we khnpow ., )

Ror = Ri+ Ry (Nt/NG )
But,, b -
L . Vs . Na -:?ﬂam_\/gldzage_'rmmfatmaﬁ
I, Vi Nl - rm‘;io
Ga’ Ra: = [2)! -+ RZ (Vt VL)Z :
. 0-42 + 0-:001a x ("% 8 Y

___,a’a __RDI = " ?5 Q-
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Also, for an ideal transformer it 4
__ilp vA = olp vA S
TR AT 500 KVA N
o‘:' Il = QQQK ‘03 —
o 1000 N
i o Ly 45-45 A X
Now, 4
Weu, 2 Ti% R
= 45-45%* x1I'#5
S Weu,, : 361498 ] |
B : 3-615 Ku
YA KVA xcos @ « 100 !
M -MJ-FOR—'LM“
. BOO x 0§ 100
i S500x0-8 +29 4+ 3615 Y
_&An. = 48-397% —_— ) |
And. _ _ 4
L Yoriic, 2 xKVA cos@ » 100 ﬂ.
X x KVACos @ + Whisan + 902 W, _
Mbﬂl‘& ]
= /200 05 — Loqaﬂing fackor N
Wiron —> Yemains sqameée _ ]
AAYAN 2 I Q:-5x500x08 xloo
_ O____Z.'a,s mzq + 0‘52'&3'6'5 .
Lo fpn.: 98137 0 —) -
—_Ai
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A 100 KVA bransformer bcz,s 400 turns qu&z&_p_mazg -

80 turns on the secondary . The primary + secondary

résisbances are 0 302 & 0-0Ol L2 respeckively & the

| aocraspoacimg Jﬁghagﬁ reacbances are 1152 & 0-0350

oltage is 2200 V. Calbevlate:

1 ) The equivalent impedance. veferred, to ii?&pruzzar

i) The. yoLtag& &gu!&ﬁmg_mm

fat Full load. howna a,_p_ioiiﬂ_al)‘agjm‘g E
b Leadin

T R, =03 Xg=lel X2:0-025 . g
1 S S— ¥ . V3 €252 fax.a.100) AAA- & e
A o R2-0-01
v, 22200V N 12400 Nz-80 . -
! 1 :
Sob™
1 For Impedance re?@rr&d._to_bis_p:HZZac&, we need, bo_
debermine the resistance & reackance referred. to the.
4 Primarg. Thus,
= R +R.a_(Nf/Nz>2 = Xar 2 Xr,-*')(z_‘(N'/Nzr)z 2
[ S : 0-3+0-01 (4%%0)" - 140+ 0-035 (49%g0)"
1+ o Ror = 0550 Xo 2 1°'925 0
B! Now,
_ = \[R)-.QL?. + xmz B
'+ : JO+55% + 1-9#5? B e
&5 w £, = 2:05 00
4\_ B .
4\ S e
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Transformation Ratio w o 4
E, N _
:c _E-) ® b’_% % En o) 8
N, i3 S |
. 80,2200 1
400 . |
Seoondarfj vol,bage, Er = 440 v
ﬂ'-is 15 .'H')e secondarg voL*b‘og& Jeor an open Glrevit . N
B Bub, * "
ILVA = Tgx V
where, |
I —> Full load. corvent
100 x 103 = T ¢ x 2200 1
‘a I;f = Q5b5 A ——
Also ir
cos @ = 0%
., @ = cos”" (08
| : 36-8%F° !
Now, . !
sin @ = sin (368%) |
= O-60 _ -
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\r__ﬁ@gggg&w?gﬁ 08 L
I | ZVoltage . ZzCRocos@ +Xasin@) , 100
= Requlation o v _
!
| Sec. Terminal volbage = 440 - LLOx R0-0336 L
R = 42%5-22 V d
b) For L@adjog lg.f, of 08

| | Z Voltage . Le(Raxc0s @ - Xasin @) , 100
1. _ Regulation v
i S 7o VR. . 4545(055x08 - 1:975.0:6) , 100

2200 i
il . - ~ve sign indicates
3 f ZVR. = -@1:54% up ing_p.
i And )
1 Sec. Termipal Volbage = 440 - 4LOx - 0-O154 i
| = 446 -¥F8 V -

1

_'@__ —
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A BH0O KVA M@ﬁpﬁﬁ@.ﬁtﬂfm&m &

75 turps in the primary & 5@@0@&5__‘52@&5}5_)3_

T¥f %&mmﬂwm&u;zg_@mme

), Pri

T

)
f

mary voltage
u) Pmmaru & émada%am

) Max. VO),UP of flux.

GWEN: _
KVA = 500 KVA

£:50 Hz

N, = 1875 Nz= #5

Vo = 220V

Snl™

From VoL#age, Transformation Ratio. we khow that

- Vi . Ns i
Vi N,
S V) = \/ZX'_N_I_ s
N2 .
= 220 x |18%5 N
75

|
!

Py Primg%,M@ga,JAF 5500 V

|

Hssuming an ideal Transformer.,
i/p VA = O/P VA —> )

S LixVy = B50x f03 _—

... Il- ,5__5___Qx103 =

5500

ANAAEEREENNRRRSY
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< Primar nt, L. =100 A

—> i) __a)

ITiyxV: =T, x Va2

= 100 x 5500

220 i
& Secendary Corrent, Iz 2500 A —> i) b)
4 | Now, .
1 El = 4L ﬁ N ¢m _
| ..; } ¢m = El _
|| L-tily x £ x N
___ 5500 _
4Lyl x BOx 18F5 X
1 - Max. Flux_in the core, Om = 0-0132 Wh — iii)
_T_
4
R == e
!
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| The DMM@MMM
when 5anLned ak 235V , 50 Hz. The burns on the

Dmmangwfodm%m:ﬂ_mw; - |
D Max. valve of Flux in the core | :

) The core loss
GIVEN: e W — 8
| Tiun=SA V.= 235 V N, =200 | |
| pfros =025 £ = 50 Hz
Sal™ o . |

At no load condl.ition,

Vi=E, = 4-444 £N, Pm " _
§.- @m_a Vi V75 [
44l x ¥ x N,
235

o —— - B -

Ll x 5O X200 =

','\_4__7‘- fLUKIDGQtﬁQm = 523 m

—Core
Also, at no load, , ommaru power is eauaL to ﬁ:re_,,a,{. |

Lo Wge = ViIocos @ _ »
¢ 235 x5 x 0-25 ) j

— N.g"‘"‘: 2q3'?5 w : o~

- _—
- N
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pbas&tmn&fomizas_!’zéo Arns. aaﬁze_ptma%& H2 .

'b@p_ma_\zj_umdADQLa
aanaeatadgmmmbfzasﬁ of 6-6 RV, LaL&ulai;d_:bh:L
seoomdcuEFka1_m2U2%3a_uixﬂliiMii&xﬂzsf%uzneu;is o

connectecl as i) Skar - Delta EN

W) Delba -Skar R

Sol™

From VbeagL'&Qnsz:mtm&gt@ " cakioe

K.N . Vo

N2 Vo

K = 56%,2

s K= 333

) Q For a. Star- Dmoim_@%qm__. .

Smndag_[zawa.

PuxaLtag&ZpbasaJ - Vi/[3 - 650913 - 3105y

Sac_szaga/phase,Mp, Vi/kxJ3 _-;.6?90/3 33xJ3 228586V

.FQM@M Line =P voltage

s Sec. Line Ve,

:Zgé_&_é! __ =

1) - _ Primwwa 5
Jﬁcagdam —> Star

Line voL{:aae
P Y

Pri. voLm‘:agﬁL[pha_i&, Ve,

6600 V

i




v'
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|

Seg._zQLtag&[pbqse_,Mgi s Vi/iK = 6899/ 3.33 = 495.12 v

I e—

A »
For a Star connection,
x n J—

= 85%-5% V

—
A — —
- T
%, —
 — T
- -
L I
—
— e
- I
|
- o —
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JA 5mgL¢phas¢bmn§fm5 O Hz_bQS_Q_CQKLMﬁb @__%

| 5 sqpare cross sechi c ing 270 mm. The
B Yransformation ratio is 3500 V/440 v &ﬂu&d&nﬂ'tﬂ in_
N the core is nok to exceed. 1-4 T . Find the nos. of turns
I 052 :Jind,ings_teqmtai_be fce%:z&nc;g is 50 Hz.
_Tr'___ bOL i
= ]
B wWe know, | K _
J @m =B x A Wb -
il where, .
1
Ny | B = Flux Depsiby (T) or { wb/m™).
& A= Area (m?)
5 Pmz 14 x 0272 e 203,0 square crods
R Pz 01021 Wb i )
i 3 Also, R
j ! Viz 444 8N Dm
—— o.- Nl = Vl )
] 8 . 3500
= Lllyx50x O102 |
= e Ny = 154 burns of Prim% __madmg_, L
§ 3 From Vpuzo%ajlao.s_:%rmcrﬁan Ratio, we know
N Vi N, R ——
. e N2 = Ni x Vz/v' = 1By x "QO/~35OO —
= MNa= 19 burns of Secondary winding
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Q Azﬁwofmgc has amora’maru e:eﬁmencu of QS /
!l onfull load fo r & hrs/day. Fio fé céfzamom
if the full load M&mau%&id&i ween
copper & _iron Losses. :
I Sol.” : -
M@—%/J&Mﬁ&a&p&c@ﬁb&
__ie. losses = 57 of Power | .
| = 005 x 20
— Tobal loss @ F.L. = 1 KW
Vit 1;911&9 that b&ﬂ;@&ﬁi@@ﬂ&ﬁd&@b&ﬁ@@ﬂ
coppauwwl&_m&mumm
Woy = LSS@FL/

' Wy = O-5 K Wivon 2 O-5 K I

-'bs_C_LossJ; M%_mkﬁo_ﬁ)e_fzmﬁﬁgorm&rﬁ_ o

m%mmm_& Loss occurs all.

rmer |

-As dz is uamﬁLub&tbaLbﬂosfmrJ&lmcied_o .

vnloaded \fQLz&mammo I8 brs., we assume it tobe

vnloaded but e ﬁ&glﬁdfmjhawm_psnod 1
NOw

TO'IzQLOI,Cprr & hrs = 6x 20
- = 120 Kwd-hr.

| Tron Lo_s_s_ For 24 hes.

O'5x 24

-y : 12 Ki-hy
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| Cu. Loss for 6 hrs. = 0-5x 6

= 3 Kihr

S Total ilp - T;taLal;_tJassas i

: 120+ 12 + 3%

N _ e
J = 135 Ki-hr

o Now, o

-...1..___._ AL-L y 8 = TQb'QL;gg E X IOO

_ S _ Tokal EZP TR .

NSV . 120 , loo
o
| 4 135

Ce L PMpype: 88-89%
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Lt QA trﬂnsfanmar ba.s a OOQLSUPPLMQBQEMO Li:{é —
| primary . The resistance & reactance of the primarg
& are O 156 A& O:8 £L_r@5p_kmd..}zbﬁ_pzma ﬂ_mxiaaed. .
el EME ( bMﬂ_ﬁ%ng%ouyxwﬁ is 60A &
L o.f of o
1 |Ssel™ _ ek
il _ CoS Q = 0.8 _ - N
| S @ = cos” (0-8) | . o
= 36°8F°
;T"ws+___ _
sin @ = sin 3687 _ |
0
l : Back em¥ + Drop across Ri & X,
DLQP_QC.KOﬁS_BI_IQ&LﬁQi_L .Dmpaamﬁ_.@x.sin @
4 =60x0-15x O-8 : 60x0-8 x 0:-6
o : F2V = 28-8 VvV
_BAGK, EMF =-EJ;1[&op across -Ra + Drop ;zoroes x_.] . )
: 1000 - ( 7-2 +28-8) |
il s Bacik EMF = Q64 V 3 __ﬂ_
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elagsmate a
_ ‘M ' | 1
Fr@aﬂagj_genamy £ PKN Hz :g
: 120 L.
P - No. of Robor PoLes j
N— Rczbat:onaLM&Roﬁar in_rpm |
| == S
| Basically,
— Frequency - Nmoﬁ%ws_x_Nopf revolutions.
| w pﬁpsemnd—
L.(Z ﬁ = _E " N
I | 2 _6O -
£ PN/ipo |
-N is HJELﬁHﬂdILKQDD_U_S spmmmm
. hbaaLt&tmtoLmusﬁru erabe an em$ )

O? the YS(]DH"E&i fr% s . A

3

,,) Eouano_u_ OF INDUCED EMF . H 1

LﬁE; 2z — No. of Conduckors or coil .5M___;

& Z=2T where T iihﬁze_no._aﬁaoihs__o_rjzums_g

P g Ty =
f— Frequency o - in Hz 2

Qll—lwcﬁoar pole in Wb

N —>£atatm&5w the Rotor in rpm 8

11— —_—




Oz
S =
::_ Avg. E.M_Lad,uc&c;LPe sl o 1 JBP B
| . conductor dt 60/N
1 lBus. w~-"0%p T
:_ _BZWductar : QP , 120f -
iz ) 60 P
) 3 VIETa = 2f Q@ Volbs
:#— ______ | 1 s Gz Z@nduawesperjobaie_, then
;._ Avg. EMF per phase Zfﬁ x Z -
B o = z.ﬁc,é-r Valbs o Z=2T
: RMS valwe of EMF per phase = I'!l x 2¥QZ ) -
8 R = Ll # @T  Volks
: ﬂ;Ij‘-’ the alternator is sbar coobeabed , then the line
) vol,was__tb&pb.ase volbage.
i 1&)*\/;1,1‘/&&5 RequLaTion (V.R.) Bl v
i - V.R. oﬁ an alb¥ernabor is defmed as the UMLED&L
. when Full-load. is removed. divided. bgjim_mt@
s J;&tmlmLmLtag
j 3 /. Regulabion ‘vp’ _E-V , 100
i vV
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Ii_ ) &Q.Eﬂblﬂia_cm&_gn,j_xs;&lm_g Facror (p) _:
I EMF in_concentrabed. winding {
| WrowpTemge av - o L o 1
| N K = KVA x cos 1) |
q/’{; ET KVA, = KVAsin@ .
B
KW KVA KW 2 + VA2 |
9 #Swcumonous Tmeeparce.
Z, . _Open chi volage o
L Short ckb. current s )
E s H_B) Séﬁ-cnnonoug m‘u i j
| o Xigs My I _t
| D Toppeen ME e —
No Load, EMF, Ea =¥(/ecos @+ TR + (Ve sin + TXad " ]
_MDQLMMMSED G+ IxD 3
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L QlA toquJQad_Q:ﬂEiQQO_&Lab_O;S_FLﬁ is supplied. by o
45 albernators in parallel . One alternator supplies 6000Kx
| ab O°MMLM&mtJn@oﬁ the other alternat-
i 3 -or & the P'?' .
u| Sol™ )
)
| For Albernabor 1, ! al NG
1 | YoieX
& KVA, = KW /cos R T
1 - 6000/ 0.4 e coooRm _
8000 KiJ
| LKVA, = 6667 KvA (Aotoly 6666-cect Kia, but rounding upto)
o {VAy, = KVA x5in @ " cos P.= 04
! o Q.= cos™(0-9)
| _ ie. ¢=25-84°
p o KVAr, : 666Fx sin 2584
5| oo AVAy = 2905-8F KVAy
. ie. KVAr, 2-2906 IKVAy
N For Alternator 2, e
I{M-_)_ = K.U\L'rmf, _'___K/U\Jl
= 8000 - 6000
= 2000 KW 5

. Iéj[AImkaL K’me"/ GQS%L L, N |

. 8000/p4.g .
—_ o l‘(ch Tobal = ‘OLQQO Jﬂ& —
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co5 Qrpa = O-8
1, Lo Qeper = cos™ (0-8) AL,
bl : = 36- 8% 1N
L -‘OJMWLSJ_DJ&8¥ A
Il = 0-6 .
. Now, ] " -
- K.\_/Az.,,mt_-’-ﬂglﬁmﬂ_xéjﬂ_@sz*_ |
= 10,000 x O-6 B
i.e Kv , 2 ~6000 KVAr
 Thus, KVAr, = KVAr oo - KVAr,
Il = -6000 - (-290%6) |
. = -2049L KVAr
L Now,
- KVA, = JIKW, + KVAL® J
l] = V20002 + (-3094)* )
KvA, = 368_4,,‘-!;5_3_14\/& —> 1{VA mbigg_
______ Also, |
cos Bo = *W /kyp, |
S cos @, = 2000/3681.4'!33 | i
| CQS -Q__z # rQ'5L.3 Ll —>pf. |
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1A 440 V_MQOO K»U_J at O-Sﬁlaggjng);;zﬁ_jsﬁigio_ﬁ%

13 supplied, rs A& B.The KiWload.on A is
1% 150 140 & the. KVAr load. on B is 150 KVAr{agging).
i S Determine the KW lLoad on BB, the XVAr Load. on A,

bhe o?iap@,atmo_an each machine & the current
J.oad,;oo on each machine. o

4 lSel™
= K»UJM = LOO KN il ™ \\S?» - _\r"?
__7_95_% 0-8 ® 3 ® \
Brotar > cOS ™ (08 /Zx | Bop.
£ 36 8? o6 B B
s Now,
sin Qropa, = sin 3687
: 06
= [ VATQML = K’N““"/OO..S ¢_1,¢&|7 KVAV-;M £ ’4VA'Y;¢4¢,_LS_LD_¢W
KV Aze = 400 /08 KVAr,,, * 500 x0-6
= 500 KVA =300 KVAyr
For Albernator ‘A’ , 14iJa = 150 KW -
S Ma s Kirppg = Kia
= = LOO-150
- - KWlg = 250 K

For Alternator ‘B’ , KVArg = -150 KVAr
el ¢ IWALALJ‘(-VAI'%WL;MLB e

= -300 -(-150)

K{VAr, = - [BO IKVAFr




K -
{8707 T .
i KVAA = JIKidas KVAr, > |
= J150%+ (-150)* N
e KvAy = 21213 KvA |
Hence, A
p._a@_. for ‘A" — cos Qs KWa/uva,
cos Ga = P97212.13 |
c0s @a_: 0-70%F _ lagging. —> p.f.
Similarly,
~
| UVAp = JiKe® ¢ I4VALg?
| ] : J250% 4+ (-150)? B
KVvAp = 291-55 K.vA i
] Hence, qraN - |
) p.f for ‘B —> cos Ps:  */iKvas
| L& = 250/25”'55 B
| o cos @a = 0-857 ﬁ,oq‘qing: —4 ‘t_g._g; ] i
Now, = |
K = J34VI x cos @ i
. KVA: 3 VI Y KvA: KWW s
o Lo MMagpm oy . o . %V = v B
J : 2283/E w40 = 2N/ B cun0 |
T,:278354A Is: 38256 A b
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j | .
: Qi Fi hronous imp edance. + rﬁadzauoﬁﬁse_aa

i alternator in which a given ft&Mk&Dtpm@mg
| armabure current of 200 A on shorb cht. & an EMF of
i 5 50 V on open ckk. The armature resistance is O-1L2 .

1 | To what induced volbage must the abtﬁtmjzo_beT
1 GXClbﬂdz_&dLlﬁ_"ZLd@L{ ver a load of 100A at a b
i o O&Laggn%wb a berminal velbage e of ZQPQ W,

Zs . Open ckt. voLtaéé.

_Short cktb. current

:-__ Zs = 5.0_ : — | | __—

I 200
i.e. Sunchronous Mn
Now,
Xs :VZs%-Ra? .. =
| L :J0-25%-0-12 e
.. Sunchrono ) = 02290
cos @ 08 __sin @ =sin 36-8%
1L s @ = 08 (0-8) _ =06
> 36-87° 2

Eo = JIZO® + 142-9%

* Induced Voltage ;é;zzz-l v
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In a 50 KVA, sbar connected. , 4

Z,

albernator , the eSfeckive armature resistance is 4

o} 25Q/Pbasc_'[bﬁ_sgnc;bmnou.sisaaﬁaacc is 3:20/phase

& Jpah,aae. reackance is_ Q&Q@baﬁ&LDMQa_at _____ N

getbied, Load & uniby PLﬁbﬁ_ﬁsz:AmgrL_

i)Inbkernal EMEF, L0 ewhishy oF

JJ)NQ IQQCL EMF, Eo

1) Ze

R&juba*bi on on Full Load.

v) Valwe of Sunc,bmnous readxmcuhmh_:@pMS__

armature renm":on

Sol™

I ————

VI-:JB')&.VP

pe Vo=V /N3

. Vp: an/B-

:254°03V

Internal EMF , Ea, is the vector sum_cz,e_ﬁze_pwﬁ_mliﬁzgﬁ_q

TRy & I X,

——

> VI xJ3 xc0s @

m_&u_w;x_:h_ms G Bub Kva®/eose

]
ce

KVA .-JTB';, vl

| mh’re_,_I_l.s_ibB_MMﬁn‘b ﬂtmtf}p&

E - K‘ ile - 65 6IA

L]
LR

J—x.V J-jxaéo
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Now,

En = lVe cos @ +TRaD?+( Vesin ¢+ IXx)°

-]

Ca = J254-03x 1 + 65-61x0-25) + (254-03x O + 65-61x0-5)

1

-Tws

o N (Vocos D + TR +(osing® + T X5

No-Load EMF, E. is the MMMPML&QQL

drop TRa & IXs.

Eo 2J(254:03x1 + 65-615,025) ¢ (2540350 + 65-61x3-2)*

:\J2720-43%*+ 209-952

" No Load EMF, Eo = 342-36 V —D
N ow
Lme VoL% V;.;-. J3x Ve =J3x Eq -

JLFJE'x:Mzze_

= 592-98 V
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= =
;_m Now, |
./. V. R. ‘Zn E .z___E_ﬂ__\llJ_" *-LOO = =
Il Vi, !
 ln Y VR, 34236 -254-03 4100
A 254-03
7 Voltage Requlation @ F.L. = 34227/ = i)
Now, . L
Xaz= Xs - Xe
Y 23-2-0-5
Ll _*2-7 Q) per phase
Il Synch _ ich b |
I reaction is 2-7 Q2 /phase
| —> V) B
T"* B +
| 3
e —— - 4
'- —
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Pate a
Oz

>
_ GlA12pole, 3-phase Delba connected. albernator runs ab
. 1600 rpm & supplies a bg Lang&cLﬂzar_conoaobﬁaLlaad, e
3% . | Eqch coil of resisbance of 3502
. | & i_adﬁaw&immgﬁ 2D, "ba_imejzetmml,_
1 volbage is 440 V. Debermine :.
i E oS i) Frﬁqu&am_xr oze_iup% .
Bk 3 u) Cuzn&&b_mﬁam sl ™
v) Tobal power supplied to the Load
d A A ==
/N Tk
F P il S
R /"/5(‘(,9’/ i \?\\Zp:?
— \L (\’(:\j“/’ ‘\\,
GIvEN: s
18 Delta, Connecbed Alternator ; Star C
ol P12 R: 3502 Vo: 440V
o - N = 600 rpm X =250
A _.50})”’ . L -
L | For the Delba. Connecked. Alternator ,

B

_Et&qp&mg, f. PxN . 12x600
120

120

e E——

—> i)

>
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| _ 1
Il For Star Connecked. loacl, as it is balanced R
I B A To,:Te, |
e E .
I .t. VPA = VLA/J’B—' | ____:
. 440 /13 |

i = - 2l
Il Vb, = 25403 V V) N
- — —
- Impedam.e_par coil, Z =R+ x> B |
= J35%+ 252 |
| S Z 2430102 ]
| Curraab_im_&aab_CQ'LL,_Ii_vp/z

N BT 7/ P R

S Tz 591 A per coil —> i)

:,_ For the Delta Connected Albevoatbor, )

i L. = \E’; o VL= Vp ]
; S Te: e /JF - i
L .Eme Li = Teoik A
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Now we Rnow,

cos @ = R/z

ie. cos @ = 35/43.0 )
= O-81 @gging

~ Total Power sup pLW+

P: J3 Vi,x Teol x cos @

o
[ 5]

P J3x 440x 541 x O8I

364826 )N o 365 Kul

|-+ Tokal Power svpplied to the Load P = 365 Kol

R

— e

—

e—

E—

— ]
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Q| Bl it < %M%Ma salienk
i _pole dlbernator, each generates a. max mLtzagiaﬂZ‘OO
i (sinusoidal.) . The_an: ded. ab the cenber of the.
i stabor between adi is ZO_QLQQﬁ_deEQKM
| 1f the 3 conductors are conneckeds mﬁuﬁ,;Lﬁz&o find:
4, D the rms value of e$feckive v A
| n) the breadth :eacbor - —
|\ Using the theory that is ﬁa_basmﬁ_&ziipmbl,&m,gj e, |
i Oné reqson Luth B pbase corrent has been inbroduced..
4] enl® Li
,y Singa_ ‘, the coils are dzi's- t}ibu}zgd_, the individual. EMFE%
i have a,_pbasﬁ_dttffezmac_o.@ with each obher .,
| EuzEit Eicos20+EcostO  Ev: Esin20+ Easinkd
\:ﬂ -~ v EH : 2'?_[, E. Ev i (E)'QS E,
Il Nms | . A N
) E = E ¢ _E_y_z / .
I Jon E) +0-98E" /// [
|- 5 Epcz 2:882E L ] E
: E
| Thevs, Max. Voltage is ﬂ 3
Er = 2:882x200 £ / i
i = 5264V / Ev B
. / ]
By




clagemate
e pae 105 0

. V%s:—zﬂ-ﬂi___ st = —
| V2 X 4
| N . 5764/07
: / RMS__mQ;Qf -;J%Qec"ivM?-éS A )
B leew, - )
: Breadth Factor. . EMF in Diﬁﬁm’bu@- Q_-z‘gé_-;‘gg
1 Ky 5764 N
| . B3 x200
| ~Breadth Factor, IXp = 5,-Q6 D
§ | S OVer
§ | . ___QHLS_LO_*ZS in ﬁmfzafzzt._laﬂmt_aasc, the.

breadth Factor will be reduced |, thus, r ﬁdl_mag_ﬁze;
= | E perphase. = Lrtaly Kox Ko x #@ T Volbs .
t%_ -In case of o 3 Dbase sys Eem, bbg soreadma of B
| conducbors is m_smaLL Dvmb&rﬁﬁ_ilgbs_l.j_s}pts lpolel
s phase , improves the breadth fackor
= -Tbl,s 1S or)e reason fmntzo@afzx_n Je_s_Ptﬁsﬁ_Sﬁﬁt&m
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A 3000 léMpol&aLte_aatomnia:k 1000 rpm in

mmLLaL with obher machines on 3300 v bus barss.

s{roobmnaus, reackance. is 25% . Colcolabe the

Por on&maobanmaLd,engaL‘
% e A A a3
tor@ue

Sol.™ . d

|- Here the alterngter is worhing in Parallel wnﬁzﬁang;

machines , hp%@mgjmmd&:&dmmm

to m:pmda?._bus_bat.s. el

Now, I

1 Pole-pibch = 180° embrmL_QQLMML_L.i

P -

1 Pole- gﬁcb_élmﬁohamca},

as L MaohaaLcaLdach;oc z |'w/Png.z Pbc,b = '80/60 N

T :524-86A _ — 1 |

Now, B ol o |

Ve =Yu/d-3' . 3300/ 13

Ve = 19052V - B

= 257 of Vp — Given B

—

=

><

A
v

X
A

52486

©-25 x 1905 -26 o ;]
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- Synchronizing PQL%L,_E%Q ?_S)Q_QC- x E*?
Bl where E=Vp 3
i[O S Psyn. 3.3 , 1905-26%

, 60 O-90%
el - Psgn = 62866 7_62 rJ
. oR |

psgn = 628 : 6¥ K;l)J

| Lso, .
S - -—E%D—ZE—&S—&Q; s X
i 60
. ~ where  Tsyn = Synchronovs Torque o
—— "’ TSSQ - .-.6 03_,& §
= 2>t x (QO0Q LM 0
_ u. T<3n :=,__.6_O_O 3 ' 3 6 N -M
j - = _Sgn.cbronizing Power = 628-6F I4 I
iL Sunchronizing Torque = 6003:-36 N-m
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I ]
| ql1f mmbatuamsuppriﬁz&foLLQMDngdé_‘ ]
i Q) 200 l'(»l&.i Li ﬁ
I B L00 KW LDdALﬁLQELMQJZQLLQ @_Oj_lﬁggmg_pf
| c)ZQQK,uJ nchronous motor load .
1 Fmd,jha Qnaus_moto_;r_loadi@gj_e_@
ove)mu_._p:? of 097 fng)L _
Il Sol™
.| For the. Lighting Load., - i
I{N._ : 200 Kil & cos @ =1 |
KVA, = K/ cos b
: 200 KVvA
l{VAr s J& AL x sin Q
sin 0= 0 R
For H]&__“Indﬂﬁﬁ- ion Motor l..oad., N e
1l ! ILQ; : JOO KbJ _ cOS (D _Qﬂ _Lagg_

MLLQ_E> 36- 82 |

_ _ sin 36:82:= 06
Kvaz: " Wi/os P . ]

: 400/08 | 1 B

2 50D IAVA

KVAr, = KVAz sin® -

= 500 x 0-6&

: 300 KVA, W
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T =
_ |lFor the Synchronous Motbor Load.,
| I-CUJ_s = 200 KW
= Now, Tobal Active power supplied by the Alternator,
) | Ml or = KN + Kindr + 1‘(»1)'\)5
N = 200 + Li00 + 200 g
. : 800 K
KV Az = BN /ps b
1 : 800 /p.q2
8 - 824,74 KVA
s CoS @-_rg-r = O0-QF . sin ¢-rg-r £ an “-J'q?
a @*ro-r = _COS-l (qu) = 0-25¢%
|5 = |14-0F° .
_p- - ’{IVAP73.r : KVAzor x SiN ¢1’or
i = 82474 x O-26
) B = 21278 KVAr 3
| Thus, the lagging KVAy is reduvced by 300 -212-78
gL o : BF- 22 KVAr
= This is the reactive power of the 55ngbmaaus Mokor
1. Load. . I ____=
i -  bh.C. '{,Vﬁrg = 8F-22 KVA r
1= JINow, . ..
j. {VAs = JIKWe® + KVAr,*
= : J200% + 87.22%
— :0 !‘(VAS - 2'8' I_q I(VA
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CO_‘S_@S_:._ "NS _
il IKLVAS
T :- CM_;_Z_QQ
4 21819
Sl - O'qz
ie. p¥. of Supchroncus Mobor load is 0-92

-
i
il g
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|
. QUA 2000 IKVA, 3 phase, & pole alternator runs ab F50 rpp
. l'inparallel with other machines on 6000 V bus bars.
| Find. the synchronizing power on full boad. 0-8p.#.
| tlagging per mechanical degree of displacement &
| the corresponding synchronizing borgue. The synchronous.
| lreackance is 6 per phase.. i
Sol” . —ad ]

¥ Heveﬁi@ﬂjﬁ@maﬁauimnkmg__mmﬂibb m aa.g.

.|| other machines,hence, it may be considered to te
- connecbed, bo infinite bus-bars. :
Now, . :
4 I 1 Pole-pibeh - 260 /p {mechanical )
A : 360/
= 45° mechanical
. l.M&ahoDijd&gree $oC = lgO/PoLe Pitch R
|| SN . N - 180 /.5 N
1 o =..4Lc)mﬁide%me QR o = Ux 80
g = 3'6/215 eleckrical radians
][ Ve = /3 N
(3 - GOOO/J-B-'
- :o VP :3£g6£.!" V e
= | __PM x E*
1= Xsg I
1= where E= Vp |
3 ¥ P&un ,325. ’t/é§ X 34{6[4 '2
= . &6 .
A= oo Payn = 41887863 W
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T_

: ~ ie. Py = 4183-838 LW A
1 Also, ]
,'J; A PSgn = 2_3; N5 X Téug R
| 60 | 4
:o T‘S!n = Ll 18885103 X 60 -3
25t x 350

) : 533334 N-m
égnc.b.mmzmg_l?czw_ag,_& : 41888 Kin) |
— .
i J
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Wl 1) SyncHRONOUS SPEED € Ns ) | I _;
L-,j.« N5 = '20)(£ | :
ul P
Ul where, - - -
Ul F —>Frequency of the stotor AC supply
il P — No. of Motbor Poles )
iﬁ-,iﬁﬁLS_LgP (s)
L 7. S5uP, S . Ns-N . 100 )
Ll Ns
I where, - o |
J (Ns-N) —> SJIP Speed.
N —> Actual Speed. of the. Rotor
B . 0 ) _
4 ﬂi) RotorR TO STATOR RELATIONSHIPS -
. | AFneavency ]
i | Ly | |
Ul Rotor Frequency = Supply Freqpency x&SLip |
ol §R. =.'f x S Hz . . _ 4
4 _Since, _ _ o
4l -ﬁp;::SLiQSPeed,xP - (Ns-N) x P i
| - S 120 i o N o LI
4 1.2 iﬁﬁ- S NsP o E
il 120 §
| L $a = Fx5S | B

| _ _L
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= = F
T [ ®eemvr " e
;j Robor induced. EMF - Standstill EMF x 5!:@
i B e  Bua'® Ey g Shobfe.
15 C) REACTANCE
| Robor Reactance - Standskill 5 Slip
12 at any speed, Reactance
ke, X' =X, xS £l -

* Robor freqpencu (Fe), EMF ( (E.D _&*B_m-__amng& X2') are
| duve Yo relative qpm betwieen skator & votor ie.
- _slip speed. i
_;_ —>Robor Imo@aﬂc.ﬁ., Byl JR., 2+ (5x2)° .C')_
= |l '—zR'QtQLQQLtQDt_,_Izﬁ_Zﬁ_é Ampsi -
o L = :. \}R . sz)__ fLae—
jL — Rotor Phase Angle , cos Q' . Ra . %
= | Z»' JR: H(5X
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@ RELATIONSHIP Berween Rotor Loss, INPur PoweR ¥ QuTPUT |

g Stater O/p = Rotor ilp. T ool i
it Q& 8
L = Stabor ilp - Stator Losses

(1 _ QR -

i = Rotor o/p + Robor Cu.loss |
. ke Robor Cu. loss = Robor i/lp - Rotor olp

B o __= Stator o/p - Robor olp

L4 = 29T (N(-N2) 1
8l 60

L] where, )

i T = Torgpe (N-m) p
] N— SpﬁﬂLﬁrDm) |
L Now

| Mk 20T (N, - N2) . __ 60 _
L Rotor input 60 2% N,T |
Al - Ny-N2 i
i N, _ §
| = 5 -
5 s Slip, S . Rotor Cu.loss —» a) L9
il Rotor i/p ) !
1§ From OJZQM&,, ._sf.ﬁjzat_, N
bl = Ni- 3
&l N, | ]
i co SN = NNz _3
Lhyl Nz = N.(l_-,S) E
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Now, j it RURBL
Rotor Cu.loss Nt -N,

Rotor o/p i : N2z

- | . Ni- N(I-5)

L[ == - NG-8) L Py
L = 2D

15 ~ 1-5

. Robtor Cu.lass . _5_ —5 b

L Rotor olp [-$

18 From Equations a) & b) , we ge:f; T

15 rifp: MMMS_&QL_ —> ¢
LY Toraue -

| 3 T o AR,

= S Rz.z+CSXz.>z

-—*EQLEMWE’—»—R@-—: SXa2




9 Emamjmgzs N aN InpuctioN MoTor

Mo;? ip | Prarz .| Roror Rovoq, | M. Powes M%QML_,. l Roror

— H N AGB

STATOR |CuvIron I mﬁ ¢ | Fra cnon | OlP
p' P. Pn or T Pour

,: ;ﬁN_OJg,_Eq"'_QLfrom_]I)_mo_aLSQ_be_uﬂﬁbM*__

1‘ = - - ik

il p7: IzR»: Puq_,LLL.S_: CI“SJ _

I where, t g .

i Pour = Pm - Mech. Llosses

M
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s |
1 qla muumomw 4 poles & is supplied
. lbya BO Hz system. Calcuvlate : _
| . l) .Surzchr-
| | S u)ﬁpaad._ad;f_&za_&atQLmb&D the sLip is 47.
| o qamc;g_tmtb@fzp@’i of the rotor is 600er
= SoLn :
| SEIRRT hu:zow;
j I 8 Ns = 120xf ., 120x50 . 1500 rpm2
15 P 4 1 o
1 Synchronous Speed , Ns = 1500 rpm —))
_;_ We also Rnow ,
B 70 5 = _r_\[_é = N_...;‘. IOO — L ——
- o Ns
i S 0-04 . 1500-N
L 1500
j L o N= 1440 rpm
1= ép_@@ of the Robor JL.L«O rpm —> i)
IS Now , o af = e
= | _ ____.ga‘__z ¥)¢ S uF —
F—Hhﬁa _5 = - N/NS Mher& N = 600
jL 3 o 45 - 1900 ~600/1500 100
BL A . /oS =2 607 EATSI I S8
8 S £u:50x0:6 =30 Hz
= Robor fraau&[zcﬁﬁ_gq, 30Hz —a)
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|| The star connected. robor of an induction mobor has a A
N skandstill reac,-b'anceﬁf_lggiil_palf_pbasg& a |
I resiskance of ©'5 Q2 per phase. The mobor bas an |
I induced EMF of 50V bebween the slip n’n&i_at 3
i skandstill on open ckt. when connected. toibs |
I normal supply volbage. . Find the current in each
! phase & the pf. ab sbart when the slip rings are |
i shorb circvited i _ !
] Sob™ . ) .

I -The rotor is shar connected. & volbage across the
i slip rings is given as 50V .

g " bL. El. : 50 V : )

I - As we know for a sbar conbeckion,

g EI. = \[_\72— ® EE

g oo Ep = E"/Jj

i : S0/3 _ -
[ S, Epz 28-8F V _ ]
ie. Ep: Ep = 2887V _ . 4
) Z; = \[Rzz + X222

= JO-5%4 4°5% ) B
' e Zp= 453 OO e A
1 T,:%%/7, :%8%%/,53 |
(1] Ly I, = 6:35% A b
) Corrent in cach phase , Ta= 637 A | i
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l‘."-
CO.S Qz = Rz/zz L\°¢:ﬂ70 :
0‘5/4.53 ’b/ Xz‘é'_f?n/Ph
: O Llo4 <%

R.:0'50/ph

0.f. at starb, cos @. = O-1104
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n 18+65 Kinl, 6 Pole, 50 Hz .3 phase-slip ring T

mobor runs art QéO r Qr)_ﬁbb_lﬁad,_w_iﬁ’) a _robor cur

per nhase, of 35A. &M&MD_Q_KMQLMQQLCO_LM.&Q&S

%ind, the resistance. paLpbasﬁ_Qﬁ_&ze_ZLpbasi rotor

L\JIDdADO

Sol™

Pm 2 Pour + Mech. Losses

> 1865+ 1 i R

= 1G-65 Kwl | | {

Now,

Ns : 120x ¥ . 12050
P 6 ]

1]

nav NS l OO_Q_"Pm ) !
Thus, _

:i
3
|

A SLEP . 5

We Rnow,

P2: Robor Cu loss: Pesswz 185 : (1-8D
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__ bogebher. Bebween the rve berminals of A+ B, th o
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P & T =62:262Amps

i.e. Current in section AC , T = 62:-26 A
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L = 60-F4 A
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_ Q. Anelechrical supply systems has the following bariff
_in force ab a bime ; Rs. 100 per KVA of maximum demand.

_ plus 5p per vnib. A consumer installs a phase |

_____ gdvga@‘ag_ plant inorder ko improve bhe p.ﬁ. oA his

E _JQSI‘ZQLLaﬁLQfLL}?S_GOSi;_Qﬁﬁh@_FD_LQDt is Rs. 40 penlIKVA.

_ Assuming the inberest & depreciabion as 107., Calculake

__ the most economical p.f. to which ik shovld be |

£ improved. 5

B Sol”™

_ Opbimal pf For most cnomical operation is given by, _
cos @ -JH . (_B_&f)z 1
A

| S mb&:&, A-§ Casb/KVA@_azaxidﬁmaad_ - ;
B— Cosb/KvA of pF. advancing eguipmerd .
= « Depriciabion ,

____wma(

o ik et o

] A= Rs. (100 +0-05) / KVA B: Rs. 40/ AVA
. :*Rs. 100-05 [/ KVA

| . P: 107
: O} B . s
Now, | —
cos @ -J1 =(*°*° /100.08)* -
R = JI-1-598 x 1073
£ . cos @ =Joqag i

i :o COSQ s quq

_ Most e.c_onomichpg@._ o which the %estm should be
improved, is 0-999.
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A...____Hbg the favlk.
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_ be peglected. & that of the lamps taken as con
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We Rnow that, e
Power (P) = vxIT Watbks S _ I
-« _Current baken bu .i.LClmD I = P/V 4
. _LL_L_éO )
- 240 i
S I= 025 A o 4
Now, ——l 4
Resistance of 1 lamp \ R = Vit .
o S R. 240 3
0-25 o =
o R=960 & _ .
Leb Ra be bhe resishance bebween Bhis i Spmmizig), I
& earth =
e, ] sl 3, ST | S
Re G960 16 -
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o'y R-A = '5'?[:.{2

B L Leb_ﬁa_b&ﬁzc_miiban_b&teg__ﬁ?c ~ve z‘;ermoai
____earth, g o .
e e o b i
Re 460 6 &

n.! RB = 5 'Q6 ﬂ

NOUJ, . |
_ Tobal Resisbance between the +ve & -ve lines is || |
| Rr = Ra+Reg i
= 15-Z4 + 5-96
= 2-F o
i Corr between the +ve & -ve lines is
T= VIRt
: 2295 ,.%
S L = 1014 A
Voltage drop across +ve lioe & earth = TxRa |

"

Oy x 1524

13

154-6 v

Vobtagwms_abaaﬁ_aarﬁa : ITxRp

1]

10-14. x 56|

60-43 v

Thus, tbﬁngQ connected across the +ve bezma), <pLﬁQL‘fZ’3_

_M&MQ&L?
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_ Now, e &
_ Tnitial Load = _ 9
As resmtnnce ofagered bg_&aahlﬁmp isq6o2 || |
= Vig .
. 220 | 3
L GepedEs 0 ox 0 L 3
s I= oliye A L} 3
Thus, &
Initial Load = 220 x O-1146
=252t W AN
A = - Inibi _B
= 22021014 - 25-2 1
: 2230-8-252] 4
2 22056 WJ  r  2:2 KW _
Additional Load = 2:2 KW — b)
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