Chapter.5 Design of field windings

The poles are wound with preformed copper, which is typically of rectangular shape, although
round shaped coils are also used. In both cases, varnishing is the most common insulation
method. First, a layer of insulation is assembled on the pole and then the winding is wound on
it. The cross section of the field winding conductor may be round or rectangular.

Field coils placed on the poles are connected generally in series and designed for 80 to 85 % of
excitation voltage. The rest 15 to 20% is reserved across the field rheostat or regulator to vary
the excitation current and hence the emf induced or terminal voltage.

%4
Voltage across each field coilV; = (0.8 to 0.85) 7

where V is the applied voltage in case of motors and terminal voltage in case of generators.

L
Since Vy = Is Ry = If pa—;ntTf, cross sectional area of the field winding conductor

PLnelr Ty
ap =————=
4

Field or excitation currently = af5f

where the current densitydylies between 1.5 and 2.0A/mm?

turns I T¢
Number of T =
pole

Iy
The number of turns can also be calculated by loss or temperature rise consideration.

VelcTs loss
il il —- X dissipating area in m?
Tf m

Loss = VfIf =

If all the surfaces i.e. inner, outer, top and bottom are considered to be equally effective in
dissipating heat, then the total dissipating area = 2L, (hf + df).
If only the inner and outer surfaces are considered then the dissipating area ~ 2L, h¢

If only the outer surface is considered then the outer dissipating area,

= External perimeter or periphery X hf

= [Z(Lp + b, + 4tl-) + 27rdf]hfin case of rectangular or square poles
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= [n(di + 2¢t; + de)]hf in case of round poles

The temperature rise can be calculated from the folowing expression.

(0.14 to 0.16) x field copper loss i.eIf Ry

Total coil dissipating surface

Temperature rise 8 =

st s sk s sfe sk skt sk sk sk skoskosk
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Solved Problems on Field windings

a)Shunt field windings

Example .1

An 8 pole, 500V, dc shunt generator with all the field coils in series requires SO00ATSs per
pole. The poles are of rectangular dimension 12cm x 20cm and the winding cross-section is

12cm x 2.5cm. Determine the cross-section area of the wire, number of turns and dissipation in

watts/cm? based on the outside and the end surfaces of the coil.

A conductor of circular cross-section is to be used. The resistivity is 0.021Q/m/mm?and the
insulation increases the diameter by 0.02cm. Allow a voltage drop in the field regulator of

50V.
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Mean length of the turn Ly, = 2(Lp + bp + 4t;) + mdy

If the thickness of insulation t; is assumed as 1.0cm then,

Lt = 2(20 + 12 + 4 X 1,) + 7 X 2.5 = 79.85cm

) 500 — 50
Voltage across each coil Vy = —8 - 56.25V

0,021 x 0.7985 x 5000)
4 = 56.25

= 1.49cm?

) 4ay 4 x 1.49
Bare diameter of the conductor = — = - = 1.37mm

Diameter of the conductor with insulation = 1.37 + 0.2 = 1.57mm.

120
Number of turns/layer in a winding height of 12cm = 157 = 76.4 and is not possible. Let

it be 76.

Number of layers in a winding depth of 2.5cm = 15.

157

Therefore, number of turns/pole Tr =76 x 15 = 1140.

Copper loss in the field coil

Dissipation in watts/cm? =
p / dissipatng surface

Copper loss in the field coil = V¢ I¢

. [Ty 5000
Field currently = T_f = 1140 = 4.38A

Therefore,VsIr = 56.25 X 4.38 = 246.7W

Dissipating area of the outside and two end surfaces of the coil = Ly,;hs + 2Ly, df

=79.85(12 + 2 X 2.5) = 1357.5cm?

246.7
1357.5

Dissipation in watts/cm? = ~ 0.18.
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Example .2

Each pole of a dc generator is required to produce 19000 ampere turns. The gap flux/pole is
0.2Wb. The leakage coefficient for the pole = 1.2 and the flux density in the pole core of
circular cross section is 1.5T. The field coil has a radial depth of 15cm and can dissipate
0.05W/cm? of the outside cylindrical surface without overheating. Determine the diameter of
the wire, number of turns and height of the coil. Voltage across the coil may be taken as 60V
and space factor 0.7.

Diamter of the bare wired,, = [—

PLyt (I T)
ap = ————=
Vi

Let the resistivity of copper p = 0.02102/m/mm?
Lmt = T[(di + Zti + df)

gxLC 02x12

= 0.16m?
B, 15 m

Cross sectional area of the poledp, =

_ 4Ap 4 x0.16
Diameter of the pole bodyA, = — = - = 0.45m

Ly = (45 4+ 2 X 1 4+ 15) = 194.7cm with the assumption that t; = 1.0cm

0.021 x 1.947 x 19000
4 = 60

4 x12.94
d,, = — ~ 4mm
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Vi (I Ty)

L = =
oss = V¢lf T;
= Loss/cm? x outside cylindrical surface n(di + 2t; + de)hfin cm?
60 x 19000
=————=m(45+2x1+2X15)h,

Ty

heTy = 94252.8 ..............(1)

S; factorS. — asTy - 12.94 x 1072T;

ince space factorSy = hed, 7= R %15

or hy = 0.0123Tf ..............(2)

From equations 1 and 2, 0.0123T¢ = 94252.8

94252.8
Therefore, number of turns/pole Tr = 00123 ~ 2765

Height of the field coil hf = 0.0123 X 2765 = 34cm.

Example .3

The outside cylindrical surface of a field coil can dissipate 0.1W/cm?, its area is limited to an
axial height of 20cm and an outside diameter of 45cm. If the radial thickness of the coil is Scm,
how many ampere-turns can be accommodated with a terminal voltage of 50 V. Specific
resistance at working temperature is 2u€)/cm3,,space factor = 0.6.

Field coil

Number of turns that can be accommodated = I¢Tf
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Loss = V¢l = Loss/cm? X outsidecylindrical surface n(di + 2t; + de)hfin cm?

501f=01><7r><45><20

arTy arTy
hed,” 20 X5

Since Sy = or asTy = 60 ......(1)

PLinelsTr 2 X 107% x  x 40 X 5.67TF
YTy T 50

asL,,; = m X mean diameter of the coil

;=284 X 1075T; oo (2)
From equations 1 and 2, 2.84 X 107°T7 = 60 or Ty ~ 1454
ThereforelTf = 5.64 X 1454 = 8212.3

Example .4

A 440V, dc shunt generator develops 7200 ampere-turns/pole in the field winding and has 6
poles. Depth of the field coil 3.5 cm, mean length of the turn 120cm, field coil height 18cm, the
resistivity is 2.1x1076Q cm. If the cooling surface required is 15¢m? /watt and 15% of the
voltage is absorbed in the field rheostat, find the number of turns and cross-sectional area of
the field winding conductor. Consider heat dissipation only from the inside and outside
cylindrical surfaces of the coil.

ampere turnsl; Ty

Number of turnsTy =
4 . f field currently

field copper loss Vs

field current I; =
4 voltage across each coil V¢

Inside and outside cylindrical surface ~ 2Lpychy =2 X 120 X 18 = 4320cm?

0
=288W

Since 15 cm? is dissipating 1.0 W, 4320cm?dissipates

. 0.85V  0.85 x 440
Voltage across each coilV; = P = G = 62.33V
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288 7200
Thereforelf = 7233 =4.62A and Ty = Tez ~ 1558

LTy 2.1 X 1076 X 120 X 7200
AR 62.33

= 0.028cm?
Example .5

The field coil of a 6 pole, 440V, DC shunt generator is to supply 4000 ampere turns. The
length of inside turn is 74cm. The length available for the winding is 13cm. The space factor of
the winding is 0.52, permissible dissipation of external surface excluding the ends is
0.12W/cm?. Calculate the size of the conductor and number of turns of the coil. Solution
should not be attempted by assuming a value for the depth of the winding.

Note: Since the type of the pole, rectangular or round,has not been specified, the problem can
be solved by assuming either a round or rectangular pole.

PLye (I T)
ap = ————=
Vi

Letp = 2.1 X 107°Q cm
Mean length of the turn Ly, = 2(Lp + bp + 4t;) + md; in case of rectagular pole
= Length of inside turn + 7dy
= n(di + 2t; + df) in case of round poles
=n(d; + 2t;) + nds
= Length of inside turn + 7dy
= (74 + ndf)cm

0.8 x 400

c = 58.7V with the assumption that the drop across the

v
Vy = (0810 0.85) 5 =

regulator is 20%.
21X 107° X (74 + md;)4000
4= 58.7

=136 x107%(74 + wd;) oo (1)

arT,
L 052=
hed; 13 x d;

Since Sy = or df = 0.148a;Tf ..........(2)
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Ve (IT; )

L = Vel =
oss = V¢l¢ T
loss
== X external dissipating surface[Z (Lp + bp + 4t;) + Zﬁdf]hf
or m(d; + 2t; + 2d; ) hy

58.7 x 4000
—————=0.12 x (74 + 2ndf)13

Ty
(74 + 2md )Ty = 150512.8 ... .. ccc ccc o (3)

From 3 and 2,

(74 + 2mdf)T;  150512.8

(74 + 2md;)d; = 22275905 ... oo vve oo (4)

(74 + 2nd;)d; = 22275.91.36 x 107*(74 + md; )after substituting equation 1 in 4
2mdf + 74dy — 3md; — 222 =0

2md? + 64.6d; —222 =0

drf = 2.72cm

a; = 1.36 X 107*(74 + m x 2.72) = 0.11cm?

dy 2.72

= 01482, 0.148x 0011 O/t

Ty

Example..6A rectangular field coil is to supply 7000 ampere turns when dissipating 200W at a
temperature of 60°C. The inner diameter of the coil is 20cm x 12cm. The height of the coil is
12cm. The heat dissipation is not to exceed 0.005W/ C rise in temperature/cm?of the outside
surface, neglecting top & bottom of the coil. Temperature of the ambient air may be taken

as 25°C . Calculate the depth of the coil, space factor & current density.
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(57f) _ loss

Loss = Vgl = i > — X Outside dissipating area[Z (Lp + bp + 4t,) + Zﬁdf]}lf
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= Loss inwatts /°C/cm? of dissipating surface X rise in temperature

X [2(Lp +bp + 4t) + 27ds )y
200 = 0.005 x (60 — 25) X [2(20 + 12 + 4 X 0.5) + 2md(]12
200 = 0.005 x (60 — 25) X [2(20 + 12 + 4 X 0.5) + 2md(]12
Therefore df = 4.34cm

ar
a Ty 1y (r7y) _ Ty
hedp  hedy  Sphypdf’

Since Sf =

therefore current density 6y = as ag =

Le = 2(Lp + bp + 4t;) + zdy = 2(20 + 12 + 4 X 0.5) + 7 X 4.34 = 81.6cm

200

5 = = 166.74/cm?
f T 21x10-6 x 81.6 X 7000 fem

. _ 7000
f 7 166.7 x 12 x 4.34

= 0.806

skkeskokosk sk

Downloaded from FaaD00ENgineers.com

IL _ Velg _ Loss in watts PLilf Ty

11





