Feb. 19, 1963

Filed June 13, 1960

J. T WlLKlNSb o 3,077,946

NOISE SUPPRESSION IN ELECTRIC POWER TRANSFORMERS

2 Sheets-Sheet 1

12 "
26
2 N—27
!
!
]
el =
“ A 14a !
A |
10 ‘:l',',* i
:
* i T8
i
17 :
|
i
15 !
=414 E
1614 147 |
4 ]
! s
1
[
|
|
!
' )
_—J '
24
1
FIG.1
' Trvekou:
Sil.m,a,cswi@)‘\.db&%\w




Feb. 19, 1963 J. T. WILKINS 3,077,946
__ NOISE SUPPRESSION IN ELECTRIC POWER TRANSFORMERS
Filed June 13, 1860 2 Sheets-Sheet 2

?

-

I
|
| .
- Ailet
]
| 118 X 5‘ '8 1oj
i A
' PIANA
| ~IN4a -
! \ 4
| - I |
A a s R 5
! INGIRE - 20 \,ai
-t N \7 4
[ A 28 N
edl & }&V\“ ~ 17 ,
L | 19-7 .
. FIG.4

e -
™ %@j o] 2
29
31
28

. FIG.5 ‘

Tnat et
%‘,&w’\‘)\mm WM.

%:;\’M” KW’W"\M
Obkormengas



United States Patent Off

3,077,946
Patented Feb. 19, 1883

1CC

1
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NOISE SUPPRESSION IN ELECTRIC POWER
TRANSFORMERS
John Thomas Wilkins, Stafford, England, assignor to The
English Eleciric Company Limited, London, England,
a British company
. Filed June 13, 192690, Ser. Neo. 35,667
Claims prierity, application Great Britain Juse 19, 1959
8 Claims, (CL 181—-33)

This invention relates to electric power transformers
and the like, and is particularly concerned with means
for reducing ncise emitted by such transformers. These
transformers, which are usually oil-filled, generate a cer-
tain amount of noise mainly, it is thought, as a result
of magneto-strictive effects in the core, which are frans-
mitied through the insulating and cooling medium and
through the supports to the tank or container which can
act as a sounding board.

According to this invention, an electric power trans-
former comprises a tank rigidly mounted on a base and
containing a core, windings and an insulating and cool-
ing medium, external cladding means comprising at least
one plate acting as a sound-reflecting medium and spaced
away from the tank, and flexible support means secured
to said tank and to said external cladding means to sup-
port said cladding means from said tank, the mass of the
cladding means and the resilience of the flexible support
means being such that the flexibly-supported cladding
has a natural resonant frequency substantially less than
the operational frequency of the transformer.

According to a feature of the invention an energy-
.absorbing material is located in the space between the
cladding means and the tank.

According to another feature of the invention, the
external cladding means comprises a number of steel
plates, the mass of the plates and the nature of the flexible
supports being such that the natural resonant frequency
of the cladding is substantially less than the operational
frequency of the transformer.

According to another feature of the invention, the
flexible supports are relatively stiff in the vertical plane
and of relatively low stiffness in the transverse plane, so
as to support the weight of the plates without substan-
tial deflection and to allow deflection in the transverse
plane.

According to yet another feature of the invention, the
steel plates themselves are of low stiffness.

The invention will now be described with reference
to the accompanying drawings of which,

FIG. 1 is an end elevation of a transformer to which
the invention has been applied,

FIG. 2 is a side elevation of part of the transformer
of FIG. 1,

FIG. 3 is a detail view of part of FIG. 1 partly in sec-
tion,

FIG. 4 is a section on the line 4—4 of FIG. 3,

FIG. § is a detail view of part of FIG. 2 partly in sec-
tion, and

FIG. 6 is a view corresponding to FIG. 3 of a modi-
fied arrangement.

Referring to FIGS. 1 and 2 the transformer tank 10,
which contains the core and windings and oil as an
insulating and cooling medium, is provided with high-
tension and low-tension insulators 12 and 13 respectively.
It is also equipped with cooling oil inlet and outlet pipes
which will be described in greater detail hereafter.

A number of brackets 14, 14¢ is secured to the outside
of the wall of the tank 10, for example by welding, and
these brackets carry laterally-extending springs 15, the
brackets and springs together forming flexible supports
for the cladding. One of these supports is shown in
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greater detail in FIGS. 3 and 4. The springs 15 are
secured at their centres to the brackets 14, 14a and have
their extremities bolted to channel members 16. To
these channel members are welded, adjacent the brackets
14, 14a, vertical support strips 17. The cladding, con-
sisting of steel plate in a number of sections 18, is ar-
ranged around the tank 10 and is fastened to the support
strips 17 by means of stubs 28 welded to the vertical
strips 17 and fish plates 21. Felt strips 1% and 22 are
interposed between the vertical strip 17 and the cladding
plates 18 and between the latter and the fish plates 21
for damping purposes. The arrangement of the springs
15 gives a low stifiness in the horizontal direction and a
high stiffness, suitable for supporting the weight of the
steel plates, in the vertical direction. The steel plate
sections 18 are so dimensioned and arranged as to be
relatively flexible, thus eansuring that the sections are
very poor radiators of noise at frequencies of, say, fifty
cycles per second and upwards. The thickness of the
steel plate sections in the case of a large power trans-
former measuring some twenty-four feet long and ten
feet high may be of the order of a quarter of an inch
and the plates are flat and do not incorporate stiifeners.
The plates thus act as a reflecting surface for sound
emitted from the tank at the operational frequency of
the transformer, for example fifty cycles per second.
The thickness of the steel plate sections, and conse-
quently their effective mass, is also chosen in relation to
the resilience of the springs so as to provide the system
as a whole, including the plate section and spring, with a
natural resonant frequency substantially less than the
operational frequency of the transformer. For example,
this natural resonant frequency may conveniently be
arranged to be of the order of ten cycles per second, and
may be as low as two cycles per second. These fre-
quencies are below the normal audible range. The funda-
mental driving frequency is found to be twice the opera-
tional frequency of the transformer, since a pulse is trans-
mitted both by the positive and by the negative wave
of the operational-frequency vibration. Since the natural
resonant frequency of the plate sections is below the
fundamental driving frequency, it follows that higher-
frequency harmonics will have still less exciting effect
on the plate sections. Moreover, the attenuation will also
be greater in the case of higher harmonics.

It will be understood that the plate sections will have
a number of natural resonant frequencies, depending on
the mode of vibration. The dimensions and arrange-
ment of the plate sections is so chosen that the natural
resonant frequency in the simple modes in substantially
less than the driving frequency in the corresponding
mode, and it is then found that there is little likelihood
of the excitation of the more complex modes of vibration.

Additional masses may however be secured to the
cladding at intervals, either to reduce the natural reso-
nant frequency of the cladding as a whole or to modify
local resonances.

In order to absorb the energy of the reflected sound,
mats 23 of energy-absorbing material, such as glass wool,
are inserted into the space between the cladding and the
transformer tank.

The lower edges of the sections 18 are sealed by means
of a channel 24 containing foam rubber or some other
similar flexible material and secured to the base 11 of
the tank 10 by means of brackets 25. The top of the
cladding is provided with a domed cover 26 supported
through intermediate flexible material on the top edges
of the sections 18, so as to provide between it and the
top of the transformer tank 10 a hollow space which is
also filled with glass wool.

The cover 26 is provided with suitable apertures for
the insulators 12 and 13 and a seal is made to each by



3,077,046

3

means of rubber diaphragms 27 secured to the cover 26
by means of flanges. The oil cooling pipes 28 between
the transformer tank 16¢ and the external oil cooler (not
shown) are carried through holes in the cladding plates
18 in the following manner.

The holes are surrounded by rubber diaphragms 29
which are secured to the edges of the holes by flanges
30. The free edge of each of the rubber diaphragms 29
lies round the cooling pipe 28 and is secured to it by an
annular clamp 31,

In the modified arrangement of supporting brackets
and springs shown in FIG. 6 the tank 1¢ has welded to
it channel-section- members 34 to the free end of which
are attached vertical springs 35 spaced at intervals along
the length of the members 34. These springs 35 are
welded at their free ends to channel-section members 36
which are welded in turn to vertical strips 37. Steel plate
sections 38 are secured to the vertical strips 37 by means
of studs and fish plates in the same manner as described
with reference to FIGS. 3 and 4.

A high-power fifty cycle per second transformer con-
structed and insulated in this manner has been found
to have a noise emission of the order of twenty decibels
less than that of the same transformer not provided with
noise-reducing means according to the invention,

What I claim as my invention and desire to secure
by Letters Patent is:

1. An electric power transformer comprising a tank
rigidly mounted on a base and containing a core, wind-
ings and an insulating and cooling medium, external
cladding means comprising at least one plate constituting
a sound-reflecting medium and spaced away from the
tank, and flexible support means secured to said tank
and to said external cladding means supporting said
cladding means {rom said tank, the mass of the cladding
means and the resilience of the flexible support means
being such that the flexibly-supported cladding has a
natural resonant frequency substantially less than the
operational frequency of the transformer,

2. An electric power transformer as claimed in claim
1, comprising also an energy-absorbing material located
in the space between the cladding means and the tank.

3. An electric power transformer as claimed in claim
2, wherein the external cladding means comprises a num-
ber of steel plates, the mass of the plates and the nature
of the flexible support means being such that the matural
resonant frequency of the cladding is substantially less
than the operational frequency of the tranmsformer.
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4. An electric power transformer comprising a tank
containing a core, windings, and an insulating -and cool-
ing medium, external cladding means comprising a num-
ber of steel plates constituting a scund-reflecting medium
and spaced away from the tank, flexible support means
secured to said tank and to said external cladding means
and supporting said cladding means from said tank, the
flexible support means being relatively stiff in the vertical
plane and of relatively low stiffness in the transverse plane
50 as to support the weight of the plates without substan-
tial deflection and to allow deflection in the transverse
plane, and an energy-absorbing material located in the
space between the cladding means and the tank, the mass
of the plates and the nature of the flexible support means
being such that the natural resonant frequency of the
cladding is- substantially less than the operational fre-
quency of the transformer.

5. An electric power transformer as claimed in claim
4, wherein the steel plates themselves are of low stiffness.

6. An electric power transformer comprising a tank
containing a core, windings and an insulating and cooling
medium, external cladding means comprising a number
of steel plates acting as a sound-reflecting medium and
spaced away from the tank, and flexible support means
secured to said tank and to said external cladding means
to support said cladding means from said tank, the mass
of the plates and the nature of the flexible support means
being such that the natural resonant frequency of the
flexibly-supported cladding is substantially less than the
operational frequency of the transformer.

7. An electric power transformer as claimed in claim
6, wherein the flexible support means are relatively stiff
in the vertical plane and of relatively low stiffness in the
transverse plane, so as to support the weight of the plates
without substantial deflection and to allow deflection in
the transverse plane.

8. An electric power transformer as claimed in claim
7, wherein the steel plates themselves are of low stiff-
ness.
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