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Appendix

Mathematical Development

7

1. Initial Voltage Distribution in a Winding for Steep Wave Fronts.

If voltage is suddenly applied to a system of inductances in
multiple with a system of capacitances, the initial voltage distribution
will be determined by the capacitances. At the instant of impact, the
condensers short-circuit the steep wave front. If the wave is maintained,
the condensers become charged, and the voltage rises. The voltage
distribution, when the conﬂensers are charged, is the same as that when an
alternating voltage is applied to the system of condensers with the
inductances disconnected. Considering the system of internal and ground
capacitances by themselves (Fig. A), and assuming an alternating voltage
of frequency f, (f = EgT)' applied, the following relations will be

evident.
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Capacitance between 1ine end of coil and neutral
Capacitance between winding and ground for a coil

length of line to neutral.
Coil length Tine to neutral

Capacitance between portions of winding unit
distance unit

Capacitance to ground per unit length of coil
Voltage to ground at any point
Voltage gradients, volts per unit lenath of coil

Impressed voltage line to around

2T f = angular velocity

Current in the coil capacitance C1

we,1 98y (1)
dx

Current in ground capacitance Ce
Current in ground capacitance per unit length

of coil

wle e (2)

—T X

The increase per unit distance in the current of the shunt capaci-

tance is the current supplied by the ground capacitance per unit length,

that is,

dI
dx

&
dx

dI (3)
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2. Calculations of Ci and Ce
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Assuming that the ends of the winding are electrically connected

to clamping plates or end rings and Ci is the capacitance between these

p1ate52.
Ci =
where P =
A =
d =
Therefore Ci =

The capacitance of the surface

given by
Ce =
vhere R2 =
R1 =
Therefore Ce =

n

Er x A uf
4 dx9x 105

dielectric constant of oil = 2.2

area of plate = TC.(29

distance between plates

2.2 x T x (29)°

e sq.cm.

= 42,16 cm.
uf

AT x 82.16 x 4 x 9 x 10°

3,0475 x 10712 farads

0.0388 € r

10910(;§9 x 1.609 x 10°

29.0 cm.
11.7 om.

0.0388 x 2.2 x 42.16

of transformer winding to ground is

Af/em,

uf

29.0

Tog, (5729 x 1.609 x 10°

55.226 x 1622  farads

" 4

2. L.F. BLUME and A. BOYAJIAN, Abpormal Voltages within Transformers.

AIEE, 1919 Vol 38. p. 577



LA

N

Substituting in equation (3) the value of 4L from (1), an
from (2), and simpiifying, "
d%e - 1 Ce e = 0
o 25T
The solution of this equation is of the form
ex=A&px

83

d e
=8

X

Substituting (5) and its derivative in (4), and solving for p,

C
1/%e
g Tﬂfﬁ;

and ex

The constant A and B are determined by the terminal conditions as follows.

If the neutral is grounded. The terminal conditions are at

X = 0, e =
and X = 1, e =
Applying condition (8), to equation (7)
0 = A+B
A = -B
ex = A( = Px . e *pX)
e = A' Sinh px
Applying condition (9) to equation (11)
Eg = A' Sinh pl

Therefore, @ E, Sinh px
X 0 STHF—ET

X
= Eysinn &7
nn oc

where, & = p] = /te and the neutral is grounded.

VG

AePX 4+ pe~PX

(4)

(5)

(6)

(7)

(8)
(9)

(10)

(11)

(12)

(13)

(14)
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3. Initial Voltage Distribution Curves.
3.0475 x 10722 farads

C,i =
c = 55,226 x 10”12
5 = y X1l farads
Therefore o = Ce
G
oL &

55.226 x 10712 ., 4.0
3.0875 x 107 1¢

The initial voltage distribution is, by equation (14)

o (4!\
X = Sinh ‘T /
Ea Sinh (4)

and is plotted in Fig (8). From this curve, we can see that at ¥_= 0.875

(approximately the first coil of H.V. winding) E& = 0.62 . If EG is

E
equal to the rated output voltage. 0

(1.0 - 0.62) x 100
38 KV.

Then, the voltage drop across the first coil

From the design of insulation for the high voltage winding in order to
withstand this voltace drop. The pressphane insulations of 3.2 mm. thick
and two 011 ducts of 3.2 mm width were used to provide the insulations

tetween coils.

The maximum voltage between layers of the first coil due to voitage

drop = 38,000 x 2 x 110 = 1936 volts

7318
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4, Calculation of Highest Peak Value of Transient Overvoltage.

there i

The effective capacitance of

C

eff

]

- r\.t . R
7 _._.L
- C
ug (1 +€ )

First and hichest peak value of

transient overvoltacze.

Rated output voltagce = 100 KV

Total windino resistance = 41,880 ohms.
Total leakare inductance of coils

Total capacitance = C + Ct

eff

Capacitance of the test object

Effective capacitance of the transformer

2
X 10E
0.4 T x 42.16 x (34546)° x 80.4

189 x 10°
208,83 Henrys

the transformer is approximately civen by

\/cexci

J%S,ZZS x 1071 x 3.0475 x 1

0"'12

12.97 x 10°%  farads

P pf
27 f x U¢ x 107°

5

2 x 50 x (100)¢ x 107°

7960 x 101  farads



87

¢ = Cere*ly
= 12,97 x 106712 + 70¢0 x 10712
= 7972.97 x 10" farads
V/?f"' = [___268.83
L \/ 7972.97 x 107
= 18.% x 10
= 183,600
-0, 41880

]

Then 100(1 + € 2 183,800

= 10001 +€ 7938 - 100 x 1,698
= 1€9.8 KV,
The maximum voltace hetween lavers of the first coil due to transient
overvoltage will be
1936 x 1.698 = 3287.3 volits.,
Frem Fig., 4.4, the dielectric strencth of 3 layers of pressphane
insulations of 0,12 mm. thick is about 4000 voits lefore vaccum, This

shows that the insulation is enouch to withstand the transient overvoltace.
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