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Transformers



Transformers

Transformers are used in a wide variety of
applications.

In electric power transmission and
distribution systems they step up the
voltage at the sending end to reduce
transmission losses and step down at the
receiving end to make it safer and easier
to utilize.

Transformers change voltages and
currents to any desired amplitude, large or
small.

They transform impedances and match
load impedances to source impedances for
maximum power transfer.



« Transformers are constructed of two
colls placed so that the Changing flux
developed by one will link the other

* When two coils are placed close to each
other, a changing flux in one coil will
cause an induced voltage in the second
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* The colls are said to have mutual inductance M,
which can either add or subtract from the total
Inductance depending on If the fields are aiding
or opposing.

* The coil to which the source Is applied is called
the primary coill

* The coil to which the load is applied is called the
secondary coll
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Mutually coupled circuit

i2(t)

—

i1(t)
+

N2 ,L2
Vi) N1,L1 v2(t)

do, V.() =N, do,

V,(t)=N
1() 1 dt dt




“D, v,(9=N, %

Vl(t) — Nl dt dt

@, = The magnetic fluxes threading through the coil 1
® , = The magnetic fluxes threading through the coil 2

D, = K,; N1, (D)
D, =K, NI, (D)
K, , K, are constants related to the geometry

of construction and the permeability of the material
used for the colils.



dq)l B dq)z

" dt A dt
d
Vl(t) B Nla[Kl ! 1(t)] V2 (t) - N2 %[KzNzlz(t)]
vi=knWOL g oz dl )]
dt dt

Define L, =K ,N,’

Define L, = K2N22
V(t) |_l [(t)]

. . dli, 0]
V=L



Now if we bring the two coils close to
each other

g 4D
; p Vi) =N, d'[l

Vi(t) L1 L2 Va(t) ¢1: ¢11 + ¢12

¢,,_the flux caused in coil 1 by current in coil 1

¢, _ the flux caused in coil 1 by current in coil 2
(b..l_
e - e . $11 = Ky Nyig(t)
> L
’ i > Y é bas h < P -
| ' : $12 = Kpp Naig(t)




(1) 2(t) do,
M — V,(t)=N,—2
N 2 2 dt
t +
Vi(t) Le L2 Va(t) $2= P2 + P
) ) P22 _the flux caused in coil 2 by current in coil 2
D21 _ the flux caused in coil 2 by current in coil 1
bia B
f|.— - .' (f;;l e ....fz ¢22 - K22 N2|2(t)
:_| d > ¥ &y b2 A g X 1‘:
~") i ¢21 = Ky Nyiy(t)
Co;‘l 1 Ct:;il 2

K=Ky =Ky



dD,

B ';’cb.l d?zz; i N {2 1 l dt
P1= b1 P1o

K=Ky =Ky,

VL0 = N, (KN © £ KN, )

V, () = KN, —( (1)*K,,N,N, —( ()

Let L, = K;N,? ; self-inductance of coil 1

M=K, ,N;N, ; mutual inductance of coill and 2

VO =L, S ,0):M 2 0)



o,

: W | ( )‘ ) ) ‘i " i : 5 — 5 dt
= P —, b,= b,y , b,
K= Ku=K,
d
V,(®) =N a([K N,i, (8) + K, Nii, (0])
V, () =K,N,’ ( ()£ KN, N, —( ),
Let L,=K,,N,? ; self-inductance of coil 1

M = K,;N;N, ; mutual inductance of coil 1and 2

V,(t) =L —( (t)= M t(il(t))



L, L
I\/I:KmJ - M=K,/L,L,
I(11'(22

K A%

\/K11K22
coeffecient of coupling

1=2k=0



VO =L, S ,0):M L 0)

* Depending on the dlrectlon of the coil
winding and the relative position of the
colls, the voltage due to the mutual
Inductance either aids or opposes the
voltage due to the self-inductance.
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Dot Co(pvention
i1(t) 12

y M —

o o 0

+ o | K +
Va(t) L1 L2 Vat)

0 o

1-1f both currents are directed into or away from corresponding
terminals, the voltage due to the mutual inductance is of the same sign
as the voltage due to self inductance

2-1f one current enter a dotted terminal and the other enters

an un-dotted terminal ,

Then voltage due to mutual and self inductance have opposite signs.



Important

i1(t) 12(t)
—_— KM\, —
+ o _0 +
V(i) L1 L2 Va(t)

V() =L 3( (t))+M

V, (1) =L 3( (t))+M

Flux Direction

i1(t) 12(t)
—_— KM\, —
+ ) +
Vi(t) L L2 Va(t)

V() =L, ((t)) t(iz(t))

V, (1) =L, ((t)) t(il(t))
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VO =L, S60)+M S ,0)

V,(t)=-L, (<m t@m)
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Mesh 2

0 = 20(i,

—L)+60()+16d(

dt
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Example

L)

R
o K':\
: ¢
= NNy @ ?Lﬁfﬁz

Mesh 1

V() =Rii,(t) + L, —( ()-M

d : d,. . d ..
dt(ll |2)+L a(ll |2) M a(ll(t))

Mesh 2

0=R,i, 0+ L, (i,-1.)+M S (0,0)



Phasors and mutual inductance

i1(t) 12(t)
s M e—
v N d

ol o 4 V,(t) = Ld—( i,(t)+M ((t))

Vi(t) L2 L2 Va(t) V(t) L dg( (t))+M ( (t))

|

V, = joL | + joMI,

+

V, = joMI, + joL,I,



24 (30 =21+ j4l,-j2l,

24(30=(2+ j4)I_ -j2l,........
0=—j21,+21,+ )61, - )21,
0=—j21,+(2+ ja)I,............



Flad No

2 A )2./;

& é—\‘ % +

2430 (7 9/" )'69 2. No
v =8 e

-O

2430 =(2+ ja)I, - 21, ()
0=—j21,+(2+ ja)I,............ (2)
Solving (1) & (2) yields

|, =2.685 (3.24° A
V. =21 =537 (3.24° v




O=2I2— J41, + 18I2+ Jll1
0=jll, +(2+ ja)l,............ (2)



Solving (1) & (2) yields
|, =0.96 (-16.26° A

V,=—j4l,=3.84 (-106.26° V



T he 1deal transformer

Vi(t) N1 N2 Va(t)
dd
V1 (t) — N1 W Assuming P1=P2 (100% efficiency- no losses)
O (1) — :
V, () =N, O('j_t V, (03, (0) = V, ()i, 1

L) V() N,

EROERAOEM

Vi) N,
Vz(t) - N2




|deal Transformer
i1(t) i2(t)
il(t) |\| —> N1 : N

2 O

O
+

i () N Nl

2( ) ' Va(t) Va(t)
V,) N,

Vl (t) Nl 0 o

Since the equations are algebraic,
they are unchanged for phasors

L _V._N,
I, V. N



Impedance Reflection

—Vz —) N1: N2 J
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Example




Find |1 and |2
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To Find 1 — ¢
-L O\E : ‘9
| — NI

T8~ _)\tn.

=N Z. =4(2+ j1)=32+ j16

120(0

~120(0

- 18— j4+32+ j16 50+112
=2.33(-13.5° A
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Find |1 and 12

To Find 12
|:> @ AV

2T

A

=90.335(166.5° A
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Find Vi and V2

( ﬂ“wi\zﬂ

5D

+

2 — |2(2+ Jl)

V, =20.87 (193.07° V

V, =4V

1 2

=83.49(3.07° V

3}

To Find I2

=
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ﬁ To Find I2
V., =—nV, =—2 (12 (0°) =—24 (0°

Zon =N Z, =2*(4- j3)=16-j12 O
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I}ToFindll
_ i, 1. oy _ o
Vi, = nV2 2( 48 (30~7) =+24 (30
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Exam
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Example' Find Vo

o .
g v 2. 2 /3

i 4
2
2qL T .

V., = ‘14 7 24(0°-4(-90°

-]4 —j4 4+j4 -J16+16 1 .1

4—j4 4-j4 4+ja 32 2 2

S ’3

1 .1 .
AV :(E_ JEJM (0°-(- j4)
=12-j12+j4=12-j8 Vo

V.. =14.42(-33.69° V
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ZTHZ :(ZZ)ZTHl :4(4_ J2)216_ JSQ

, -

V. =-2V._ =-28.84(-33.69° V

)

+

Ns

B 2

* (2+2+16+ j3—j8
V =2.8(160.35° V

)

)(— 28.84(—33.69°)
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For the circuit shown , determine the turns ratio n
that will cause maximum average power transfer to
the load . Calculate that maximum average power

40 Q
l:n
12070° V rms (“_D H 104
For maximum average power transfer to the load:  7th =100

n.40=10
. /
=05 0020 4 6arms

10+10

Vth =60-0Vrms P = | 2.R = 9OW



