Problems_Tran_winding 1

Problems on transformer main dimensions and windings

1. Determine the main dimensions of the core and window for a 500 kVA, 6600/400V, 50Hz,
Single phase core type, oil immersed, self cooled transformer. Assume: Flux
density = 1.2 T, Current density = 2.75 A/rnrnz, Window space factor = 0.32, Volt / turn = 16.8,
type of core: Cruciform, height of the window = 3 times window width. Also calculate the
number of turns and cross-sectional area of the conductors used for the primary and secondary
windings.

Since volt / turn E;=4.44 ¢, f,

Main or Mutual flux ¢, = E___l68 = 0.076 Wb
4.44f 4.44 x 50
Net iron area of the leg or limb A; = g—’" = %;6 =0.0633 m*

m

Since for a cruciform core A; = 0.56d2,

= 0.34m

diameter of the circumscribing circle d = \/ A; = \/ 0.0633
0.56 0.56
width of the largest stamping a = 0.85d = 0.85 x 0.34 = 0.29 m
width of the transformer = a= 0.29 m

width of the smallest stamping b=0.53d = 0.53 x 0.34 =0.18 m
Height of the yoke Hy = (1.0 to 1.5) a=a (say) =0.29 m

kVA =222 § A;Bn Ay Ky x 107

500=2.22x50x2.75x 10°x 0.0633 x 1.2 x A, x 0.32x 10”
Area of the window Ay, = 0.067 m?

Since Hy =3 Wy, A, = Hy Wy, =3W 2 =0.067

Therefore, width of the window W, = &367 = 0.15m

and height of the window Hy = 3x 0.15 =0.45m

MT : I
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Leg and yoke section (with the assumption
Yoke is also of cruciform type)

Details of the core

All dimensions are in cm

Overall length of the transformer = Wy, +d +a=0.15+0.34 + 0.29 =0.78 m
Overall height of the transformer = H,, + 2Hy or 2a =0.45+2x 0.29=1.03 m
Width or depth of the transformer = a=0.29 m

Number of primary turns T; = A = 6600 ~ 393

E 16.8

t
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\Y% 4
Number of secondary turns T, = —% = ﬂ ~ 24
E, 16.8
3 3
Primary current I; = kvA x 10 = 500 x 10 =7575A
V, 6600
. . o I, 75.75 5
Cross-sectional area of the primary winding conductor a; = 3 = EET = 27.55 mm

kVA x 10° 500 x 10’
v, 400

Secondary current I, = = 1250 A

I = @ = 454.5 mm’

Cross-sectional area of the secondary winding conductor a, = —; 575

2.Determine the main dimensions of the 3 limb core (i.e., 3 phase, 3 leg core type transformer),
the number of turns and cross-sectional area of the conductors of a 350 kVA, 11000/ 3300
V, star / delta, 3 phase, 50 Hz transformer. Assume: Volt / turn = 11, maximum flux density =
1.25 T. Net cross-section of core = 0.6 d*, window space factor = 0.27, window proportion = 3 :
1, current density = 250 Alcm? , ON cooled (means oil immersed, self cooled or natural cooled )
transformer having £ 2.5% and * 5% tapping on high voltage winding

E 11
b = - —0.05 Wb
444t 4.44 x50
A= P _ 005 _ 0.04 m>

B 1.2

m

5
Since A;=0.6d%, d = ,/ﬁ - ,/% ~026m
0.6 0.6

Since A; = 0.6 d* corresponds to 3 stepped core, a =0.9d =0.9 x 0.26 = 0.234 m

Width or depth of the transformer = a = 0.234 m
Hy=(1.0to 1.5) a=1.0 a (say) = 0.234 m

kKVA =3.33f 8 A; B, Ay K, x 107
350=3.33x50x250x 10° x 0.04 x 1.25 x A,, x 0.27 x 10>
A, = 0.062 m*

H
Since window proportion WW is3:1,Hy=3Wy and Ay, = SWi =0.062

w

.062
Therefore W, = % =0.143m and H,=3x0.143=043 m
> t 23.4
234
43 234
26 26 26
| le—143 | |e143 —»] |
A
v 234

Leg and Yoke section
All dimensions are in cm

Details of the core

Overall length of the transformer =2W,, +2d +a=2x143x2x26+23.4=104 cm
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Opverall height of the transformer = Hy, + 2Hy or 2a =43 + 2 x 23.4 = 89.8 cm
Width or depth of the transformer = a = 23.4 cm
[ with + 2.5% tapping, the secondary voltage will be 1.025 times the rated secondary voltage. To
achieve this with fixed number of secondary turns T, , the voltage / turn must be increased or the
number of primary turns connected across the supply must be reduced.]
Vv, 3300

Number of secondary turns T, = — = —— = 300
E, 11
Number of primary turns for rated voltage T = Y = M = 577
t
Number of primary turns for + 2.5% tapping = T, x E; required E, with tapping
_ 300 x M000/V3 ooy
1.025 x 3300
11
for — 2.5% tapping = 300 x M =
0.975 x 3300
11
for + 5% tapping = 300 x M = 550
1.05 x 3300
11
for — 5% tapping = 300 x M = 608
0.95 x 3300

Obviously primary winding will have tappings at 608" turn, 592" turn, 577" turn,
563" turn and 550" turn.

3 3
KVAx10® _ 350x10° _ o,
3V, 3x11000/+/3

Cross-sectional area of the primary winding conductor a; =1,/ § = 18.4 /250

primary current / ph I} =

=0.074 cm’
3 3
Secondary current / ph I, = kVA x10 = 350x10 =3535A
3Vo 3x3300
Cross-sectional area of the secondary winding conductor a, =1,/ 6 =35.35/250
=0.14 cm’

3. Determine the main dimensions of the core, number of turns and cross-sectional area of
conductors of primary and secondary of a 125 kVA, 6600 / 460V, 50Hz, Single phase core type
distribution transformer. Maximum flux density in the core is 1.2T, current density 250 A/ cmz,
Assume: a cruciform core allowing 8% for the insulation between laminations. Yoke cross-
section as 15% greater than that of the core. Window height = 3 times window
width, Net cross-section of copper in the window is 0.23 times the net cross-section of iron in the
core, window space factor = 0.3. Draw a neat sketch to a suitable scale.

[Note: 1) for a cruciform core with 10% insulation or K; = 0.9, A; = 0.56d>. With 8%
92

insulation or K; = 0.92, A; = 0.56d" x % =0.57d’

2) Since the yoke cross-sectional area is different from the leg or core area, yoke can considered

to be rectangular in section. Yoke area Ay = H, x Kja ]

A=Ay Ky =023 A; ....... (1)
KVA=222f8 A, B, Ay K, x 107
125=222x50x250x 10*x A; x 1.2x 0.23 Ax 107

12
A= \/ 45 < = 0.04m’
2.22x50x250x10* x1.2x0.23 x 10
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Since with 8% insulation, Ai= 0.56 d>x0.92/0.9=0.57d*,d = % =027m

Since the expression for the width of the largest stamping is independent of the value of stacking
factor,a=0.85d=0.85x0.27=0.23 m
Width or depth of the transformer = a = 0.23 m

Since the yoke is rectangular in section Ay = Hy x Kja = 1.15 A

Therefore Hy = 1'11(5 A, = 101952X (())S;L =022m
a 92 x0.

0.23 A, 0.23 x 0.04

From equation 1, Ay, = = = 0.031m’
K, 0.3

Since Hy = 3W,,, Ay = Hy, W, =3W2 =0.031

Therefore Wy, = g =0.1lm and H, =0.1x3=03m

2 3
A
23 23 T T

> 30 i

Details of core
Leg section

All dimensions are in cm

Ty = 4 where B, =4446,f = 444 A B.f = 4.44x0.04x1250=10.7V

t

7= 2% _ 617
10.7
= Yo _ 460 s
E, 107
3 3
o KVAXIO _125x10° _jpory L1893l
\ 6600 5 250
3 3
Lo KVAX10T 125 x10° 0 oL 27073 e
v, 460 5 250

4.Determine the main dimensions of the core and the number of turns in the primary and
secondary windings of a 3 phase, 50 Hz, 6600/(400 — 440) V in steps of 2 ¥2 %, delta / star
transformer. The volt / turn = 8 and the maximum flux densities in the limb and yoke are 1.25 T
and 1.1 T respectively. Assume a four stepped core. Window dimensions = 50 cm x 13 cm.
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PR 8 0.036Wb
A44Ff 444 x50

Az o 20036 6 e
B 125

Since for a 4 stepped core A; = 0.62d2, d= 1/% = 02lm

a=093d=093x021=0.19m
Width or depth of the transformer =a=0.19 m

Ay= L 0.036 = 0.033m’
B, 1.1
Since the yoke area is different from the leg area, yoke can be considered to be of rectangular

section. Therefore
Ay 0.033

Ka 09 x 0.19
Since the window dimensions are given,
Length of the transformer =2W,, +2d +a=2x0.13+2x0.21 +0.19=0.87 m
Overall height of the transformer =a =H, + 2H; = 0.5 +2x 0.193 =0.886 m
Width or depth of the transformer = 0.19 m

y = 0.193 m, with the assumption that K; = 0.9

T, (for maximum voltage of 440V) = M = 31
T, for maximum secondary voltage of 440V = A x T, = 6600 x 31 = 806
v, 440 /3
. 6600
T, for minimum secondary voltage of 400 V= ——— x 31 = 886
400/+/3

Since voltage is to be varied at 2 V2 %, from (400 to 440) V, the tapings are to be provided to get
the following voltages 400V, 1.025 x 400 = 410V, 1.05 x 400 = 420V, 1.075 x 400 =430 V and
1.10 x 400 = 440V. Generally the hV winding is due to number of coils connected in series.

out of the many coils of the hV winding, one coil can be made to have 886 — 806 = 80 turns with
tapping facility at every 20 turns to provide a voltage variation of 2 ¥2 % on the secondary side

5.For the preliminary design of a 100kVA, 50Hz, 11000/3300 V, 3 phase, delta / star, core type
distribution transformer, determine the dimensions of the core and window, number of turns and
cross-sectional area of HT and LT windings. Assume : Maximum value of flux density 1.2T,
current density 2.5 A/mm” window space facto 0.3.Use cruciform core cross-section for which
iron area A; = 0.56d” and the maximum limit thickness is 0.85d, where d is the diameter of the

circumscribing circle volt / turn = 0.6 VY kVA , overall width = overall height.

[NOTE: since overall width = overall height ie., 2W,, + 2d + a) = (Hy + 2 Hy or 2a). this
condition when substituted in A,=H,W,, leads to a quadratic equation. By solving the same the
values of H,W,, can be obtained.]

6. Determine the main dimensions and winding details for a 125 kVA, 2000/400V, 50Hz, Single
phase shell type transformer with the following data. Volt / turn = 11.2, flux density = 1.0
T, current density = 2.2 A/mm’ , window space factor = 0.33. Draw a dimensioned sketch of the
magnetic circuit.

Solution:

7.5 A

75 s b=(2 t0 3) 2a

10 =375

A
A 4
A
\ 4

A
A 4
A
A 4

7.5
\ 4 [— 15 —P
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E, 11.2

= aat 244 x50
Since ¢, is established in the Central leg

=0.05 Wb

Cross-sectional area of the central leg A; = D = 005 = 0.05m”

10

If a rectangular section core is assumed then A; = 2a x Kib =2a x K x (2 to 3) 2a
If the width of the transformer b is assumed to be 2.5 times 2a and K; = 0.9, then the width of the

central leg 2a = A _ \/ 005 _ 0.15m
25HK, V25 x 09

Width or depth of the transformer b=2.5x2a=2.5x0.15=0.375m

Height of the yoke Hy=a=0.15/2=0.075 m

kVA =222 8 AiBn Ay Ky x 107

125=2.22x50x2.2x 10° 0.05x 1.0 x Ay x 0.33 x 107

Ay =0.031m’

[Since the window proportion or a value for Hy, / Wy, is not given, it has to be assumed] Since Hy,

/W, lies between 2.5 and 3.5, let it be = 3.0
Therefore Ay, = Hy, Wy, = 3Wi =0.031

W, = g =0.Im and H, =3x01.=0.3m
Winding details:
T1=&=Mz178 T2=&:@z36
E, 11.2 E, 112
3 3
= kVA x 10 _ 125 x 10 _62.5A, a = L _ 62.5 — 284 mm?
\4 2000 d
3 3
L= kVA x 10 _ 125 x 10 “15A, a, = L _ 312.5 — 142 mm>
\'A 400 d 22

Calculate the core and window area and make an estimate of the copper and iron required for a
125 kVA, 2000 / 400 V, 50 Hz single phase shell type transformer from the following data. Flux
density = 1.1 T, current density = 2.2 A/mm’ , volt / turn = 11.2, window space factor = 0.33,
specific gravity of copper and iron are 8.9 and 7.8 respectively. The core is rectangular and the
stampings are all 7 cm wide.

[Note: A shell type transformer can be regarded as two single phase core type transformers
placed one beside the other.]

o =B M2 _goswh A= 09 gousm
4441 444 x50 B 11

kKVA=222f3 A; B, Ay Ky, x 107
125=222x50x22x10°% 0.045x 1.1 x Ay, x 0.33 x 10~
A, =0.03 m?
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Single phase shell type Upper yoke
Transformer removed
w 2a w

Sketch showing the dimensions of LV & HV windings together

/VA
A
7 e 0
\ AN 1 1
A ' '
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
3 | |
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
v | |
A ' '
’ ) 4 S R
<>« > >
7 1 7

Shell type transformer due to two single phase core type transformers.
If the whole window is assumed to be filled with both LV & HV windings, then the height of the
winding is Hy and width of the LV & HV windings together is Wy, .
Weight of copper = Volume of copper x density of copper
= Area of copper in the winding arrangement X mean length of copper
in the windings x density of copper
= Ay Ky x length wxyzw x density of copper

Mean length wxyzw =2 (Wwx +xXy) =2 [ a+ Wy, ) + (b + Wy)]

Since the stampings are all 7 cm wide, a=7cm & 2a =14 cm

A, 0.045 — 036m

" K.2a 09 x0.14

Since Hy, / Wy, lies between 2.5 and 3.5, let it be 3.0
Therefore Ay, = Hy Wy, =3W2=0.03.
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Thus W, = % =0.lm and H,=3x01=0.3m

wxyzw =2 [ (14 + 10) + (36 + 10)] = 140 cm
Width of copper = 0.03 x 10*x0.33x 140x 8.9x 107 =123.4 kg

Weight of iron = 2 x volume of the portion A x density of iron
=2x % X Mean core length
PQRSP x density of iron

0.045 x 10*x 2 [ (10+7) + (30 + 7)] x 7.8 x 10° =379 kg

=2X

7. Determine the main dimensions of a 350kVA, 3 phase, S0Hz, Star/delta, 11000 / 3300 V core
type distribution transformer. Assume distance between core centres is twice the width of the
core.

For a 3 phase core type distribution transformer E; = 0.45VkVA =0.45+4/350 =8.4

6 =P 8% _gogwn, A=
4441 444 x50 B,

Since the flux density By, in the limb lies between (1.1 & 1.4) T, letit be 1.2 T.

Therefore A; = % = 0.032 m’

0.032
If a 3 stepped core is used then A; = 0.6 d*. Therefore d = 06 =0.23m

a=09d=09x0.23=0.21m

Width or depth of the transformer = a=0.21 m

Hy=(1.0to 1.5)a=a=0.21m

kVA=333f38 A By Ay Ky x 107

If natural cooling is considered (upto 25000 kVA, natural cooling can be used), then current

density lies between 2.0 and 3.2 A/mm?. Let it be 2.5 A/mm”.
10 10

T 30+Kv, 30+11

350=3.33x50x25x10°x0.032x 1.2 x Ay x 0.24 x 10
A, =0.09 m?
A, 009

Since Wy, +d=2a,W,=2x021-023=0.19m and Hy, = —¥
W 0.19

w

Overall length of the transformer = Wy, + 2d +a=0.19+ 2 x 0.23 + 0.21 =0.86 m
Opverall height of the transformer = Hy, + 2 Hy=0.47 + 2 x 0.21 =0.89 m
Width or depth of the transformer = 0.21m

\\4

= 047m

Problems on No load current

1. Calculate the no load current and power factor of a 3300/220 V, 50Hz, single phase core
type transformer with the following data. Mean length of the magnetic path = 300 cm,
gross area of iron core = 150 cm” , specific iron loss at 50 Hz and 1.1 T = 2.1 W / kg
ampere turns / cm for transformer steel at 1.1T = 6.2. The effect of joint is equivalent to
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an air gap of 1.0 mm in the magnetic circuit. Density of iron = 7.5 grams / cc. Iron factor
=0.92

Solution:
No-load current I = /IZ + I,

Core loss
Core loss component of the no load current [ = ———

1
Core loss = loss / kg x volume of the core x density of iron
= loss / kg x net iron area X mean length of the core or
magnetic path x density of iron
=2.1x092x 150 x 300 x 7.5 x 10™ = 656.4 W

Therefore 1. = @ =0.198 A
3300

AT, +8000001, B,,

V2T,

ATiion = AT/cm x mean length of the magnetic path in cm
= 6.2 x 300 = 1800

T, = % where E; =444 ¢ 1

t

Magnetising current I, =

= 4.44 A By, f
= 4.44 (Ki Ay ) B f
=4.44x0.92x 150 x 10™ x 1.1 x 50

=3.37V
T, = @ = 980
3.37
3
I = 1860 + 800000 x 1x107 x1.1 ~ 198 A
V2 x 980
Ip= v0.198% +1.98° =1.99 A
1 1
No-load power factor cos ¢, = = = 0.198 = 0.1
I, 1.98

2. Calculate the no-load current of a 220/110V, 1kVA, 50Hz, Single phase transformer with the
following data uniform cross-sectional area of the core = 25 cm?, effective magnetic core length
= 0.4m, core weight = 8 kg, maximum flux density = 1.2 T, magnetizing force = 200 AT/m,
specific core loss = 1.0 W/kg

L=+

L= Coreloss
C Vl
_ loss / kg x weight of coreinkg _ 1 x 8 _ 0.036 A
Vl
AT ion +8000001, B, AT, , .

I, = =
V2T, V2T,

as there is no data about the effect of joints

or I, is assumed to be zero

ATforiron = AT / m x Effective magnetic core length

=200x 0.4=280
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T, = % where E;=4.44 ¢ {

=444 A; By f

=444 (KiAg) B f
=444x09x25x10*x 1.2x50if K;=0.9

0.6V
T, = 22V © 367
6
L= _o0154A
J2 x 367

Io = v/0.036% +0.154% =0.158 A

3. A 300 kVA, 6600/400V, delta / star, 5S0Hz, 3 phase core type transformer has the following
data. Number of turns/ph on HV winding = 830, net iron area of each limb and yoke = 260 and
297 cm?, Mean length of the flux path in each limb and yoke = 55 cm and 86.9 cm. For the
transformer steel

Flux density in tesla—0.75 1.0 1.15 125 13 135 1.4
AT/m -100 105 200 400 500 1000 1500
Coreloss / kg -0.7 125 175 21 23 26 28
Determine the no load current

86.9 cm

v R 2

260 cm? 35 cm

297 cm?

Core and Yoke details

Solution: Ip= [l + L,

[, = Coreloss/ph
leh
loss in 3legs + loss in 2 yok
Coreloss / ph = ossin3legs + lossin 2 yokes

3
Loss in 3 legs = 3 x loss in one leg
=3 x loss / kg in leg x volume of the leg i.e, (A; X mean length of the flux
Path in leg) x density of iron

B, = i—’" where ¢ = Vi 6600

3 = = 0.036 Wb
444fT,  4.44x50x 830

i
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_0.036

" 260x107
At 1.38 T, loss / kg in the leg = 2.7 as obtained from the loss/kg graph drawn to scale.
Loss in 3 legs = 3 x 2.7 x 260 x 55 x 7.55 x 10~ = 874.5W with the assumption that density of
iron is 7.5 grams / cc
Loss in 2 yokes = 2 x loss in one yoke
=2 x loss/kg in yoke x volume of the yoke i.e, (Ay x mean length of the

flux path in the yoke) x density of iron

=1.38T

AT/m

Loss/kg

1.38T -"'/
i i AT/m
o i Loss/kg
2.7 >
By = %o = 200 __or
A 297 x10°

y
At 1.21T, loss/kg in yoke = 1.9
Loss in 2 yokes =2 x 1.9 x 297 x 86.9 x 7.55 x 10” = 740.5W

Coreloss / ph = 874.5 ; 7405 _ 538.7TW

L= 5387 = 0.08A
6600

- (AT +8000001, B,)/ph _ AT, /ph
V2 T, V2T,

ATs for 3 legs + ATs for 2 yokes
3

as there is no data about 1,

ATfor iron / ph =

3x AT/mforleg x mean legnth of the flux path in the leg +2 x AT/m for yoke
x mean length of the flux path in the yoke

3
At B, = 1.38T, AT/m for the leg = 1300 and
At By = 1.21T, AT/m for the yoke = 300 as obtained from the magnetization curve drawn to
scale.

3 x 1300x 0.55+2x300x 0.869

Therefore ATsoriron/ ph = 3 = 888.8
Iy= o988 _ () 76A
V2 x 830

Io= V0.082+0.76> =0.764 A

4. A 6600V, 50Hz single phase transformer has a core of sheet steel. The net iron cross sectional
area is 22.6 x 10~ m?, the mean length is 2.23m and there are four lap joints. Each lap joint takes
Y4 times as much reactive mmf as is required per meter of core. If the maximum flux density as
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1.1T, find the active and reactive components of the no load current. Assume an amplitude factor
of 1.52 and mmf/ m = 232, specific loss = 1.76 W/kg, specific gravity of plates = 7.5
Coreloss

Vl
Coreloss = specific core loss x volume of core x density
=1.76x22.6 x 107 x 2.23x 7.5 x 10° = 665.3 W
L= 665.3 0.1A

C

Active component of no load current I =

6600
] AT, +8000001, B
Reactive component of the no-load current I, = 150T £ as peak, crest or
. 1
amplitude factor = Maximum value =1.52
rms value
ATy on=232x223 =5174
AT for 4 lap joints = 800000 1, B, =4 x i X 232 =232
T, = v, _ v, _ 66003 - 1196
4449 f 444A B f 444x22.6x107x1.1x50
T4+ 232 oA
1.52 x 1196

5. A single phase 400V, 50Hz, transformer is built from stampings having a relative permeability
of 1000. The length of the flux path 2.5m, A; = 2.5 x 107 m? , T1 = 800. Estimate the no load
current. Iron loss at the working flux density is 2.6 W/kg. Iron weights 7.8 x 10 kg/m’, iron
factor = 0.9

[Hint: By = 4, #. H, AT, , = H x flux path length

Problems on Leakage reactance

1. Calculate the percentage reactance of a 15 kVA, 11000/440V, star-delta, SOHz transformer
with cylindrical coils of equal length, given the following. Height of the coils = 25cm, thickness
of LV = 4cm, thickness of HV = 3 cm, mean diameter of both primary and secondary together =
15 cm, insulation between HV & LV = 0.5cm, volt / turn = 2, transformer is of core type

I
Percentage reactance £, = —~ x 100
1

kVA x 10° 15x10°
Il= = = .
3V, 3x 11000/ /3
L (b b
Xo=2 2fT?pu, —m| 2 4 = 44
1% pﬂO LC (3 3 ]
T,=T = % = —“00(2)/*/5 = 3176

t

Lme = Mean length of turn of both primary and secondary together
= 7 x mean diameter of both primary and secondary together
= 7 x15=47.1cm

X,=2 7 x50x (3176’ x 47 x 107 x

0.471 (0.03 +0.04

+0.005 | = 212.13Q
025 3 j

0.8 x 212.13

ZOR 2200 100 = 2.67
T 11000/4/3
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2. Determine the equivalent reactance of a transformer referred to the primary from the following
data. Length of the man turn of primary and secondary = 120 cm and 100 cm number of primary
and secondary turns = 500 and 20. Radial width of both windings = 2.5 cm, width of duct
between two windings = 1.4 cm, height of coils = 60 cm.

b
X, =2 2t T, y, IL‘“‘ (?" +%+aj

Ln¢ = Mean length of turn of both primary and secondary together
=7x (1.2+1.0)/2 =3.46m

C

=2 7 x50x500°x47x x 107 x

3.46 (0.025 N 0.025 +0_014j ~ 5.55Q

0.6 3
OR

Xp:xp+x;:xp+xs(Tp/Ts)2
L b a
=2 wf T gy, —= 2 + =
p pll'lO LC (3 2}

=27 x50x500°x47 x 107 x 12 10.025 +0‘014 ~ 3.03Q

06\ 3
L b a
Xe=2 wf T2y, —os | = 4 =
s ﬂO LC (3 Zj
=27 x50x20°x47x x 107 x % (0'225 +O'014j ~ 4.03x10°Q

2
X,=3.03+4.03x 107 x (%j =5.55Q

3.Calculate the percentage regulation at full load 0.8pf lag for a 300 kVA, 6600/440V, delta-star,
3 phase,50Hz, core type transformer having cylindrical coils of equal length with the following
data. Height of coils = 4.7 cm, thickness of HV coil = 1.6 cm, thickness of LV coil = 2.5 cm,
insulation between LV & HV coils = 1.4 cm, Mean diameter of the coils = 27 cm, volt/turns =
7.9 V, full load copper loss = 3.75 Kw

I,R, Cosg+1, X Sing

Percentage regulation = v x 100
1
3 3
I = kVA x 10 _ 300 x 10 — 15.15A
3V, 3x 6600
75 x10°
Since full load copper loss=31; R,, R,= LXOZ =545Q
3x (15.15)
L. (b b
Xp=272f T, gy == -2 + = +a
P P ﬂO LC ( 3 3 J
V,
foy Y S0 _ g
E, 7.9

Ln¢ = Mean length of turn of both primary & secondary together = x 27 = 84.82 cm
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X, =2 7 x 50 x (836) x 47 x 107 x 25482 (0'016 40025

0.47 3

Percentage regulation = 15.15x 5.45 x0.8 + 15.15 x 13.77x 0.6 < 100 =2.89

6600

+ 0.014) = 13.77Q2

4. A 750 kVA, 6600/415V, 50Hz, 3 phase, delta — star, core type transformer has the following
data. Width of LV winding = 3 cm, width of HV winding = 2.5 cm, width of duct and insulation
between LV & HV = 1.0 cm, height of windings = 40 cm, length of mean turn = 150 cm, volt /
turn = 10V. Estimate the leakage reactance of the transformer. Also estimate the per unit

regulation at 0.8 pf lag, if maximum efficiency of the transformer is 98% and occurs at 85 % of
full load.

b
Xp=2 7wt T py LL““ (?p+g +aj

c 3
X, =2 7 x 50x (660 x 47 x 107 x 2(@ L0058 +0.01j - 18.3Q
04 3 3
I, R Cosg+I, X Sin
Per unit regulation = —2* g+1, X Sing
Vl

3 3

I = kVA x 10 _ 750 x 10 _ 37.88A

3V, 3x 6600
Since copper loss = iron loss at maximum efficiency,

1-
Losses = Wey + Wi=2 W, =2x3(0.85 11)2 R, = (—nj output
n

(lbog'zgjo.ss x 750 x10° 1.0 A\ | = /!
Therefore R, = ~— - - = 2.01Q PN Y Sy
2 x 3 x 37.88°x0.85 LN =
Per unit regulation = 37.88x 2.01 x0.8 + 37.88 x 18.3x0.6 — 0072 | E E : : : i E
6600 B i i
i | < > g €
o 26.5 o
P >\ by
! 295 !
a 36 o

5.Estimate the percentage regulation at full load 0.8 pf lag for a 300 kVA, 6600/400V, delta-star
connected core type transformer with the following data.

Diameter Cross-sectional area of
inside outside the conductor
HV winding 29.5 cm 36 cm 5.4 mm®
LV winding 22 cm 26.5 cm 70 mm?

Length of coils = 50 cm, volt/turn = 8, Resistivity = 0.021 Q/m/ mm?
IR, Cosg+1, X Sing
Vl

Solution: Percentage regulation = x 100

3 3
I = kVA x 10 _ 300 x10 — 15.15A

3V, 3 x 6600
Ry=ry+r, =1+ 71y (Tp/Ts)2
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. . p Lmtp
Resistance of the primary r, = T,
a1

(36+—229'5) ~102.9cm

Ly = 7 x mean diameter of primary i.e., HV winding = 7

T, = Vi _ 6600 _ 825. Therefore, T, = (0.021 x 1.029 x 825)

E, 8 5.4

=33Q

) L .
Resistance of the secondary r, = (’0 s J T,
a,

&;22) =76.2cm

L = 7 x mean diameter of secondary i.e., LV winding = 7

(0.021 x 0.762 x 29)
70

V,  400/+3
8

= 29 . Therefore, r, = =6.63 x 10° Q

2
R,=3.3+6.63x 107 x (82_295j =8.66Q

b
Xp=2 sz;yo%(?p + % +aj

L« = Mean length of turn of both primary & secondary together

= 7z X mean diameter of both coils

=7 X L—i_%) =91.1cm or can be taken as =w: 89.6 cm

width of primary or HV winding b, = 36_—2295 =3.25cm

26.5-22
width of secondary or LV winding b, = 6ST = 2.25cm

width of insulation or duct or both between LV & HV i.e, a = 295;2265 =1.5cm

X, =27 x 50X 8252 x 47 x 107 x 0.911(0.0325 N 0.0225

0.5 3

Percentage regulation = 15.15 x 8.66 x 0.8 + 15.15 x 16.32x0.6 < 100 = 3.84

6600

+ 0.015) =16.32Q

Design of cooling tank and tubes

1. Design a suitable cooling tank with cooling tubes for a 500 kVA, 6600/440V, 50Hz, 3 phase
transformer with the following data. Dimensions of the transformer are 100 cm height, 96 cm
length and 47 cm breadth. Total losses = 7 kw. Allowable temperature rise for the tank walls is
35°C. Tubes of 5 cm diameter are to be used. Determine the number of tubes required and their
possible arrangement.

Tank height H; = transformer height + clearance of 30 to 60 cm = 100 + 50 = 150 cm
Tank length L, = transformer length + clearance of 10 t0 20 cm =96 + 14 = 110 cm
width or breadth of the tank W, = transformer width or breadth + clearance of 10 to 20
cm
= clearance of 47 + 13 =60 cm
Losses=12.5S;0 +8.78 A; 0
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Dissipating surface of the tank (neglecting the top and bottom surfaces)

St=2H (Li+ W) =2x 1.5(1.1 +0.6)=5.1 m’

7000 =12.5x 5.1 x 35 +8.78 A x 35

Area of all the tubes A, =15.6 m>

Dissipating area of each tube a, = 7 x diameter of the tube x average height or length of the tube
=72 x0.05x09x 1.5=0212m’

A = 156 = 73.6 & is not possible. Let it be 74.
Number of tubes n; = a, 0.212

If the tubes are placed at 7.5 cm apart from centre to centre, then the number of tubes that can be
provided along 110 cm and 60 cm sides are % = 15 and 76—(; =~ § respectively.

Therefore number of tubes that can be provided in one row all-round = 2(15 + 8) = 46. Since
there are 74 tubes, tubes are to be arranged in 2™ row also. If 46 more tubes are provided in
second row, then total number of tubes provided will be 92 and is much more than 74. With 13
& 6 tubes along 100 cm & 60 cm sides as shown, total number of tubes provided will be 2(13 +
6) = 76 though 74 are only required.

2x 13 tubes in 2 rows

O0000O0OO0O0OOO0OO O
O000O0OOOOOOO O
o D 110 cm I 00
00 00 20 tubes in
OO0 60 cm 00 2 rows

0000000000 O
0000000000 O

Plan showing the arrangement of tubes

2. A 3 phase 15 MVA, 33/6.6 kV, 50 Hz, star/delta core type oil immersed natural cooled
transformer gave the following results during the design calculations. Length
of core + 2 times height of yoke = 250 cm, centre to centre distance of cores = 80 cm, outside
diameter of the HV winding = 78.5 cm, iron losses = 26 kw, copper loss in LV and HV windings
=41.5 kW & 57.5 kW respectively.

Calculate the main dimensions of the tank, temperature rise of the transformer without cooling
tubes, and number of tubes for a temperature rise not to exceed 50°C.

Comment upon whether tubes can be used in a practical case for such a transformer. If not
suggest the change.

H; = 250 + clearance of (30 to 60) cm = 250 + 50 = 300 cm

L;=2x 80 + 78.5 + clearance of (10 to 20) cm =238.5+ 11.5 =250 cm
W, =78.5 + clearance of (10to 20) cm=78.5+11.5=90 cm

Without tubes, losses = 12.5 S; 6
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Se=2H (Li+ W) =2x3(2.5+0.9) =204 m*
0 (26+41.5+57.5)10°
12.5x20.4
with cooling tubes, losses = 12.5 S, 0 + 8.78 A, 0
_ (26+41.5+57.5)10 -12.5x 20.4 x 50

= 490°C

A, = 255.6m>
8.78 x 50
With 5 cm diameter tubes a, = 7 x 0.05 x 0.9 x 3 = 0.424 m?
255.
n, = 2556 603
0.424

Tan —>

—> 85 | HV

T »
[ L]

80 80

«— £ —>

Y,

A
A 4

Lt

All dimensions are in cms.

If tubes are provided at 7.5 cm apart from centre to centre, then the number of tubes that can be
provided along 250 cm and 90 cm sides are 250/ 7.5 = 33 and 90 / 7.5 = 12 respectively.
Number of tubes in one row =2 (33 + 12) = 90.

Therefore number of rows required = 603 / 90 = 7.

As the number tubes and rows increases, the dissipation will not proportionately increase. Also it
is difficult to accommodate large number of tubes on the sides of the tank. In such cases external
radiator tanks are preferable & economical.

3. The tank of a 1250 kV A natural cooled transformer is 155 cm in height and 65 cm x 185 cm in
plan. Find the number of rectangular tubes of cross section 10 cm x 2.5 cm. Assume
improvement in convection due to siphoning action of the tubes as 40%. Temperature rise =
40"C. Neglect top and bottom surfaces of the tank as regards cooling. Full load loss is 13.1 kw.
Loss=125S5,6+14x65A0
13100=12.5x[2x 1.55(0.65 +18.5) ] x40 + 1.4 x 6.5 x A x 40
A=2534m’
a; = dissipating perimeter of the tube x average height of the tube

=2(10+2.5)x 107 x 0.9 x 1.55 = 0.349 m*
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= A _ 25.34 -7
a, 0.349
If the tubes are provided at 5 cm apart (from centre to centre of the tubes) then the number of

tubes that can be provided along 185 cm side are = % = 37. With 36 tubes on each side of 185

cm tank length, number of tubes provided = 2 x 36 = 72, as required.

185

A
A 4

TR 1 1 1 OO ——

Tubes spaced at 5 cm apart

INLET HEADER

TUBE

OUTLET HEADER
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