


3,260,974 
NOISE REDUCING MEANS FOR ELECTRICAL APPARATUS 

Filed Sept. 12, 1963 

July 12, 1966 T. R. SPECHT ETAL 

5 Sheets-Sheet 2 

/////////1 ///l 



July 12, 1966 T. R. SPECHT ETAL 3,260,974 
NOISE REDUCING MEANS FOR ELECTRICAL APPARATUS 

5 Sheets-Sheet 5 Filed Sept. 12, 1963 



United States Patent 0 
1 

3,260,974 
NOISE REDUCING MEANS FOR 

APPARATUS 
Theodore R. Specht, Sharon, Pa., and Gwyn N. Crump, 

Hartford Township, Ohio, assignors to Westinghouse 
Electric Corporation, Pittsburgh, Pa., a corporation of 
Pennsylvania 

Filed Sept. 12, 1963, Ser. No. 308,409 
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This invention relates in general to electrical apparatus 
and more particularly to means for reducing the noise 
radiated by electrical apparatus. 

Consideration of the sound that is radiated by elec— 
trical apparatus, and the effect of this sound on the 
residents in the vicinity, is a factor in the choice of elec 
trical apparatus which must be used in or near popula 
tion centers. To avoid complaints, it is often necessary to 
reduce the noise radiated by the electrical apparatus. 
Some of the means used to reduce sound radiation taught 
by the prior art are heavy walls located around the elec 
trical apparatus, spring mounting of the electrical ap 
paratus, and sound absorbing material placed around or 
inside the electrical apparatus. These methods of reduc 
ing sound radiation have disadvantages because heavy 
walls are expensive and take up much space, spring 
mounting of electrical apparatus makes the electrical ap 
paratus'di?‘icult to ship without damage and sound ab 
sorbing materials are usually not effective at all sound 
frequencies. 

Accordingly, it is the general object of this invention 
to provide a new and improved electrical apparatus. 

It is a more particular object of this invention to pro 
vide a new and improved electrical apparatus which 
radiates a minimum of noise. 

Brie?y, the present invention accomplishes the above 
cited objects by providing an electrical apparatus which 
is closely coupled to a massive pad. The electrical ap 
paratus is surrounded by a barrier which is coupled at 
one end to the massive pad. The other end of the bar 
rier is attached to the top of the electrical apparatus. 
The barrier may have a single wall or’a plurality of walls. 
If the barrier has a plurality of walls, the space between 
walls may be ?lled with oil or any suitable sound ab 
sorbing material. ‘ 

Further objects and advantages of the invention will 
become apparent as the following description proceeds 
and features of novelty which characterize the invention 
will be pointed out in particularity in the claims annexed 
to and forming a part of this speci?cation. 
For a better understanding of the invention, reference 

may be had to the accompanying drawings in which: 
FIG. 1 is an elevation of an electrical inductive ap 

paratus embodying the teachings of ouryinvention; 
FIG. 2 is a transverse sectional view of an embodiment 

of our invention applied to an electrical transformer; 
FIG.‘3 is a vertical sectional view of a second em 

bodiment of our invention; 
FIG. 4 is a vertical transverse sectional view of athird 

embodiment of our invention; and 
FIG. 5 is a view partly in elevation and partly in sec 

tion of an embodiment of our invention employing remote 
coolers. 

In FIG. 1 one may see an external view of an embodi 
ment of our invention. An electrical inductive apparatus 
10 is closely coupled to a concrete pad 14 by a non 
resilient material such as asphalt-felt 16. An access door 
20 is provided in the outer wall 12 of the electrical in 
ductive apparatus for purposes of maintenance and in 
spection. Windows 18 are provided in the outer wall 12 
to permit direct viewing of interior electrical gauges and 
controls through the outer wall 12 of electrical apparatus. 
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Bushings, such as 22 are provided to connect the elec 
trical inductive apparatus to an external circuit. 
FIG. 2 of the drawings illustrates a transformer 26 

constructed according to a ?rst embodiment of our in 
vention, which comprises an oil-tight tank 28 having two 
circumferential bracing members 30. Inside the tank 
28 are disposed electrical coils 32, a magnetic core 34 and 
associated hardware such as bushings 24 and core braces 
35. The electrical coils 32 may be connected to the 
bushings 24 by conductors such as conductor 50. The, 
tank 28 is provided with a cover 38 and a bottom 29. In 
termediate the cover 38 and the bottom 29 is located a 
panel or enclosure 40. The enclosure 40 may be pro 
vided with braces such as braces 42 and may be coated 
with a vibration dampening compound 44. An air space 
45 is provided between the panel 40 and the tank 28. 
Sound absorbing material such as glass ?ber batts 31 may, 
be provided in'this air space. The bottom 29 of the trans 
former tank is coupled to a massive concrete pad 46 by 
providing a non-resilient material 48 between the trans 
former bottom 29 and the massive concrete pad 46. We 
have found that either asphalt-felt or ordinary putty are 
good materials to rigidly couple the transformer bottom 
to the concrete pad. 

In operation, the magnetic core 34 vibrates chie?y due 
to the well-known magnetic phenomenon of magneto 
striction. The audible vibrations of the magnetic core 
34 are transmitted through an insulating and cooling ?uid 
36 to the tank 28. The cover 38 will also vibrate some 
what due to sound transmitted from the cooling ?uid 
through the air space 25. The distance from the cover 
38 to the core 34 attenuates the vibrations that reach the 
cover 38. Also, the air space 25 acts as a cushion to 
vibration-s; hence, the vibrations of the cover 38 are much 
less in magnitude than the vibrations of the walls of the 
tank 28. The audible noise produced by vibrations of 
the cover 38 is ordinarily not objectionable because most 
of the noise so produced is radiated upward where it is 
dissipated in the atmosphere. The bottom 29 of the tank 
28 also tends to vibrate because of the pulsations being 
transmitted through the cooling ?uid 36 by the vibrating 
magnetic core 34. However, the bottom 29 of the tank 
28 is prevented from vibrating due to its intimate con 
tact with the massive concrete pad 46 through the cou 
pling material 48. We have attached the outer panel '40 
between the bottom 29 of the tank 28 and the cover 38 of 
the tank 28 because these two points are points of low 
vibration. The panel 40 is further separated from the 
tank 28 by the air space 45. Audible noise produced by 
the tank 28 traveling in a horizontal directiton is greatly 
attenuated by the time it has penetrated panel 40. 

Referring to FIGURE 3 of the drawings there is illus 
trated a transformer 52 constructed according to another 
embodiment of our invention, which is similar to the 
transformer shown in FIG. 2 in that it is provided with 
a magnetic core 68, a coil assembly 70, bushings 72, 
electrical connections such as 74 and a tank 54 partially 
?lled with a liquid coolant 66. The tank 54 is provided 
with an air space 55 and a top 56. The top 56 of the 
tank 54 is large enough to extend beyond the tank walls. 
An oil-tight bottom 58 is provided for tank 54. The 
bottom 58 also extends beyond the walls of the tank 54. 
As in the previously described embodiment of our inven 
tion, we couple the bottom 58 of the tank 54 to a massive 
concrete pad 84 by means of a non-resilient material 
82. In the instant embodiment of the invention we pro 
vide a double walled barrier 62, intermediate the bottom 
58 and the top 56 of the tank 54. We connect the 
doubled walled barrier. 62 with the tank 54 by means 
of ?exible tubes or pipes such as 78 and 80. The ?exi 
bility of'the tubes such as 78 and 80 prevents acoustic 
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driving of the barrier 62 by the tank 54. The cooling 
?uid 66 may now ?ll the barrier 62 to the same level 
as the height of the coolant in tank 54-. We have spaced 
the barrier 62 away from the tank 54 to provide an air 
space 63. Sound absorbing material such as glass ?ber 
batt 182 may be provided in this air space. The external 
surface of barrier 62 provides cooling area in contact 
with the ambient air for cooling the ?uid 66 as it becomes 
heated by the magnetic core 68 and the coil assembly 
70. The air space 55 will in great measure attenuate 
the vibrations being transmitted through the cooling ?uid 
66 before such vibrations reach the cover 56. The bot 
tom 58 of the tank 54 is prevented from vibrating by 
its intimate contact with the massive concrete slab 84. 
We have attached the doubled walled barrier 62 between 
the top 56 and the bottom 58 of the tank because these 
are points of minimum vibration. The mass of the cool 
ing liquid 66 in the barrier 62 also exhibits a dampening 
action on vibrations from the tank 54 that travel in a 
horizontal direction. 

Referring to FIG. 4 of the drawings there is illustrated 
a transformer 85 constructed according to another em 
bodiment of our invention, in which a hollow outer wall 
or noise barrier 186 is ?lled with a solid material 188 
such as slag or sand. As in the other embodiments of 
the invention, the problem is to minimize the noise com 
ing from a transformer tank 86. The transformer tank 
86 is provided with braces 108 and 95 and sound ab 
sorbing material such as glass ?ber batt 184. In the 
transformer tank 86 is disposed a magnetic core 94 and 
an electrical coil assembly 92 connected to bushings 98 
by conductors such as 96. The transformer tank 86 con 
tains a liquid coolant and electrical insulator such as 
transformer oil 162. A void space 164 is provided be 
tween the transformer oil 162 and an extended top 88 
of the transformer tank 86. An extended bottom 98 is 
provided on the transformer tank 86. By extended top 
and bottom it is to be understood that the top and bottom 
extend beyond the tank walls. The noise barrier 186 
is located intermediate the extremities of the extended 
top 88 and the extended bottom 90. A void space 187 
is provided between the transformer tank 86 and the 
sound barrier 106. The transformer bottom 98 is pre 
vented from vibrating by coupling it to a massive con 
crete pad 110 by means of a bed of non-resilient material 
such as putty 112. 
A series of tests were made on a tank containing a 

single-phase magnetic core. The core weighed about 
4500 pounds and was energized at 60 cycles per second. 
The magnetic induction was 17,700 gauss. Typical tests 
are shown in Table I; oil was used inside the barrier of 
test 5. Tests 9, 7 and 5 show a reduction of the sound 
level from the bare tank of test 8. 

Table l 

Vib. Sound Level 
Test N0. Barrier Baits Damp. Oil (dbim) 25’ 

Comp. Rad. Cu 

8 __________ __ No __________________________________ __ 50.0 

9 __________ _. Single Wall ____ __ )1 X ______ _. 35.8 

7 __________ __ Double Wall __________________________ __ 38.5 

5 __________ __ Double Wal1___ X ______ __ X 36. 0 

Referring to FIG. 5 of the drawings there is illustrated 
a transformer and cooling assembly 111 constructed ac 
cording to still another embodiment of our invention, 
using remote transformer coolers. Assembly 111 includes 
a transformer 170 having a tank 172, magnetic core 124, 
a coil assembly 128, and bushings 132 connected to the 
coil assembly 128 by conductors such as conductor 130, 
is provided with an extended top 114 and an extended 
bottom 116. The walls of the transformer tank 172 are 
braced with channel members 136. The magnetic core 
124 is braced by channel members 126 which are attached 
to the transformer bottom 116. The transformer tank 
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172 is ?lled with a cooling and insulating liquid 134 
except for a void space 174 which is provided at the top 
114 of the transformer tank 172 to attenuate sound vibra 
tions before they reach the cover 114 and to allow for 
thermal expansion of the cooling liquid 134. As in the 
other embodiments of our invention, a sound reduction 
barrier 118 is provided about the transformer 170. The 
sound reduction barrier 118 may be coated on at least 
one side with vibration dampening compound 122; the 
sound reduction barrier 118 may be braced with braces 
such as brace 120 for additional rigidity. A void space 
119 is provided between the transformer tank 172 and 
the noise reduction barrier 118. We couple the bottom 
116 of the transformer tank 172 to a massive concrete 
pad 156 by means of a felt pad 158 located sub-adjacent 
to the transformer bottom 116. 
We cool this embodiment of our invention with re 

motely located radiators or coolers such as radiators 
148 and 142. The radiators and their connections are 
identical hence only radiator 142 will be considered in 
detail. Radiator 142 is provided with an upper manifold 
144 and a lower manifold 146 which are connected by 
cooling tubes 145. A ?exible tube 154 is provided be 
tween the upper part of the transformer tank 172 and the 
sound reduction barrier 118. A ?exible tube 152 is pro 
vided between the lower part of the transformer tank 172 
and the sound reduction barrier 118. These ?exible tubes 
are connected to the upper and lower radiator manifolds 
14-4 and 146 by means of ?exible, oil-tight connections 
or couplings 148 and 150. It will be understood that the 
arrangement shown is adapted for circulation of coolant 
by natural convection. ‘If greater cooling capacity is re 
quired, the cooling liquid 134 may be forced through the 
cooler 142 by means of a pump or impeller (not shown). 
The flexible devices such as 152, 154, 148 and 150 prevent 
transmission of noise from the transformer tank 172 to 
the barrier 118. The ?exible connections 148 and 150 
also allow some relative movement between the radiator 
142 and the transformer 178. The cooler 142 may be 
mounted by means of support 168 on the same massive 
concrete pad v156 as the transformer 170. Alternatively, 
the cooler 142 may be supported on a separate concrete 
pad (not shown). 

In operation, transformer 170 produces noise when the 
magnetic core 124 is energized by the coil assembly 128. 
The bottom of the sound reduction barrier 118 is attached 
to the substantially non-vibrating extended bottom 116 
of the tank 172. The top of the noise reduction bar 
rier 118 is attached ‘to the extended cover 114 of the 
transformer 178. The vibrations of the transformer tank 
172 due to the noise generated by the transformer core 
124 and transformer coils 128 will not be directly trans 
mitted to ‘the sound reduction barrier ‘118 because of the 
air space 119 and attachment of the sound reduction bar 
rier 118 to points of low vibration. Because the sound 
reduction barrier 1118 vibrates with less intensity than the 
walls of the transformer tank 172, the noise emanting from 
this embodiment 1111 of our invention in horizontal planes 
will be greatly attenuated, as shown in Table I. If de 
sired, sound reduction material such as glass ?ber batts 
138 may be located in the void space 119. Although the 
batts are shown attached to the wall of the transformer 
tank 172, the batts may also be attached to the inside of 
sound reduction barrier 118, or the batts may be freely 
suspended in the void space 119 so as not to impede heat 
transfer from the transformer 170. 

It will, therefore, be apparent that there has been dis 
closed an enclosure for electrical inductive apparatus 
which greatly reduces noise transmitted from the electrical 
apparatus. 

Since numerous changes may be made in the above 
described apparatus and different embodiments may be 
made without departing from the spirit thereof, it is in 
tended that all the matter contained in the foregoing de 



3,260,974 
5 

scription and shown in the accompanying drawings shall 
be interpreted as illustrative and not in a limiting sense. 
We claim as our invention: 
'1. Electrical inductive apparatus comprising a sealed 

tank having sidewall, top and bottom portions, a mag 
netic core and electrical winding assembly disposed in 
said tank, a liquid coolant disposed in said tank, the top 
and bottom portions of said tank extending outwardly 
from the sidewall portions for a predetermined distance, 
barrier means having a plurality of spaced wall members 
disposed to surround the sidewall portions of said tank in 
predetermined spaced relation, the wall members of said 
barrier means being connected to the extended top and 
bottom portions of said tank, said barrier means forming 
‘a hollow a-ir chamber between said barrier means and said 
tank for reducing the sound energy radiated by the elec 
trical inductive apparatus. 

2. The electrical inductive apparatus of claim \1 includ 
ing solid sound dampening means disposed between the 
plurality of spaced wall members of said barrier means. 

3. The electrical inductive apparatus of claim 1 in 
eluding liquid means disposed between the plurality of 
spaced wall members of said barrier means. 

4. The electrical inductive apparatus of claim 3 wherein 
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the liquid means in said barrier means is the same as the 25 
liquid coolant disposed in said tank, and including con 

duit means connecting the liquid in said tank with the liq 
uid in the spaced wall members of said barrier means. 

5. The electrical inductive apparatus of claim 1 includ 
ing base means and non-resilient means, the bottom of 
said tank being coupled to said base means through said 
non-resilient means, to substantially reduce the magnitude 
of tank vibrations which are transmitted to said base 
means. 
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