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UNITED STATES PATENT OFFICE 
2,618,689 

ELECTROMAGNETIC INDUCTION 
APPARATUS 

Clinton D. Cook, Jr., Shelburne, Wt, assignor to 
General Electric Company, a corporation of 
New York 

Application January 13, 1948, serial No. 1,935 
(C. 175-358) 2 Claims. 

1. 
This invention relates to an electromagnetic 

induction apparatus and more particularly to in 
provements in transformers and to their method 
of construction. 

Heretofore, electromagnetic induction appara 
tus such as transformers have been provided with 
molded casings of various materials such as Port 
land cement or concrete or various synthetic 
resins and solventless varnishes. However, none 
of these constructions has been Satisfactory be 
cause the various materials which have been 
used have had one or more of the following de 
fects, namely: they have been hydroscopic; or 
have had low insulation value; or they crack 
during the initial curing period; or they crack 
during aging at or above normal operating tem 
peratures; or they crack as a result of hot and 
cold cycles; or they require excessive molding 
pressure which distorts the coils, cores, and wind 
ings; or they are difficult to cure; or they form 
voids in the material; or they have excessive 
shrinkage with low impact strength and modulus 
elasticity; or they attack the copper from which 
the coils are made; or they stick to the mold; or, 
in general, they have poor moldability. 

I have discovered, however, that the material 
known as GR-I (Government rubber isobutylene) 
is a nearly perfect material for forming both the 
major insulation between the windings of Such 
apparatus themselves, between the core and the 
Windings, and for forming the outer casing of 
the apparatus. The raw material, which is cured 
in a manner Similar to the vulcanization of rub 
her during the molding operation, is a copolymer 
of a high proportion of isobutylene and a low 
proportion of isoprene, It has a dielectric 
strength of at least 150 volts per mill at contin 
uous temperatures of 85°C. with part time tem 
peratures of 95° C. and short time temperatures 
(1 second) of 150° C. It has a power factor 
lower than 3%, is not affected by corona, and has 
good Surface arcing characteristics. Further 
more, it has a relatively high heat transfer ability 
of . B. t. u. through a cubic foot per hour per 
degree Fahrenheit temperature difference be 
tween opposite faces. It is tough and resilient 
and will not crack due to expansion of embedded 
copper coils throughout a temperature range 
of -40° C. to +100° C. and tests indicate an out 
door life of 25 years. 

However, I do not wish to be limited to butyl 
rubber and I comprehend the use of all rubber 
like materials which may be thermoplastic, or 
thermoplastic, and thermosetting, which are at 
least somewhat fluid before curing and which re 
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sult in a firm resilient insulating structure simi 
lar in characteristics to that produced by butyl 
rubber. For example, I have in mind plastesol 
type materials composed of modified vinyl chlo 
ride formulations. 
An object of the invention is to provide an 

electromagnetic induction apparatus having a re 
silient molded casing which also provides the 
major insulation and mechanical Support of the 
transformer parts. 
Another object of the invention is to reduce 

the size and COst of electromagnetic induction 
apparatus. 
A further object of the invention is to provide 

a transformer casing which is equally suitable 
for indoor and Outdoor use. 
An additional object of the invention is to im 

prove the appearance and durability of electro 
magnetic induction apparatus. 
An added object of the invention is to pro 

vide electromagnetic induction apparatus with a 
homogeneous resilient molded casing and insula 
tion which has high dielectric strength and low 
power factor over high temperature ranges which 
is Substantially unaffected by corona, and surface 
arcing, which has good heat transfer properties 
and long Weather-resistant outdoor life. 
The invention will be better understood from 

the following description taken in connection 
With the accompanying drawing and its scope 
Will be pointed out in the appended claims. 

In the drawing, Fig. 1 is a perspective view of 
a high voltage current transformer embodying 
the invention, Fig. 2 is a perspective view of a 
mold for making the transformer shown in Fig. 
1, Fig. 3 is an exploded perspective view showing 
the top and bottom halves of the mold separated 
and with the parts of the transformer also sep 
arated, Fig. 4 is a transverse sectional view 
through the mold and transformer, Fig. 5 is an 
enlarged vertical section through the transformer 
shown in Fig. 1, Fig. 6 is a perspective view of a 
modification and Fig. 7 is a horizontal sectional 
View through the modification shown in Fig. 6. 

Referring now to the drawing and more par 
ticularly to Fig. 1, the current transformer com 
prises a resilient molded dielectric body or casing 
through the center of which passes a heavy 

conducting bar 2, which is preferably made of 
Copper and which constitutes the primary wind 
ing and its terminals. The transformer is pro 
vided with mounting feet 3 and with Secondary 
Winding terminals 4 which are recessed in a cav. 
ity. 5 in the insulating body . A polarity marker 
8 is molded directly into the body . Between 
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the ends of the primary bar 2, which are nor 
mally at the same relatively high line potential, 
and the parts 3 and 4, which are normally near 
ground potential, the main body is fluted or pro 
vided with one or more integral ridges or petti 
coats 7 for increasing the creepage distance along 
the surface of the body . A line 8 on the Surface 
of the body corresponds with the plane of Sep 
aration of the two halves of a mold in which 
the body is formed. 
The above-mentioned mold is shown in Fig. 2 

as comprising what may be referred to as a top 
half 9 and a bottom half 0, whose plane of 
juncture or separation is also represented by the 
line B. The two halves of the mold are held 
tightly together by any suitable means such as C 
clamps which cooperate with complementary 
integral sidewise extensions on the two halves of 
the mold. A suitable material for the Inold is 
cast steel, and it has been found that a cast inner 
surface is suitable for and gives good molding 
results and good appearance of the molded prod 
uct without the necessity of machining of the 
inner surface of the mold. The top half 9 of 
the mold is provided with a filler opening 2 in 
which is inserted a bushing or coupler 3 for 
making tight connections to the reservoir (not 
shown) for the material which is to be molded. 
As suitable places around the mold, the two ad 
joining faces are provided with complementary 
recesses or notches 4 for making it easier to pry 
the two halves of the mold apart after the trans 
former body has been cured and the C clamps 

have been removed. 
a Fig. 3 the tWO halves of the noid are shown 

separated and it will be seen that the top part 9 
carries dowel pins 5 for insertion in holes 6 in 
the botton part O SO as to assure proper align 
ment of the two parts of the mold when they are 
brought together. Between the two halves of 
the mold is shown a core and coil assembly com 
prising a generally Oval-shaped magnetic core T 
on which are Wrapped a number of coils of wire 
8, 9 and 20 which are interconnected to form 
the secondary Winding of the transformer, 

In assembling the parts shown in Fig. 3, pre 
paratory to molding the main body , the primary 
bar 2 is inserted in the center opening through 
the core and coil assembly and its edges are fitted 
into slots 2 in the lower half of the mold. The 
Core and COil assembly is centered on the bar 2 
and spaced therefron by suitable supporting 
blocks On opposite sides. Two of these blocks 
are shown at 22 and 23 and they are provided with 
grooves which embrace the secondary terminals 
4. These blocks 22 and 23 fit snugly into a cavity 
24 in the mold and they thus cause the formation 
of the Secondary terminal cavity or recess 5 in the 
main body as shown in Fig. 1. The mounting 
feet 3 are Supported in notches 25 in the mold 
parts. The proper spacing of the mounting feet 

is obtained by means of a spacing block 26 
and the ends of the feet and the spacing block 26 
are in turn securely held in position by plates 27 
which are screwed into the two halves of the 
mold. 
The primary bar 2 is properly centered length 

wise in the mold by means of end plates 28 which 
are attached to the lower half of the mold across 
the Outer open ends of slots 2. 

Fig. 4 clearly shows how the main body is not 
only molded around the primary bar 2 but is also 
formed between the primary bar or winding 2 and 
the core and coil assembly so that the same ma 
terial which forms the outer surface or housing 
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for the apparatus also serves as its major insul 
lation between its different voltage parts. 

Fig. 4 also shows how the mounting feet are 
formed from the ends of a strap 29 which is 
wrapped around the core underneath the sec 
Ondary winding. 
The reason the boundary plane between two 

halves of the mold is perpendicular to the plane 
of the primary bar 2 is to make it easier to sepa 
rate the two halves of the mold after the main 
body has been cured and also SO as to prevent 
separation of the material of the main body 
from the primary bar 2. 

In the molding operation, the raw material 
known as GR-I is COmpounded with various suit 
able ingredients, such as are used in vulcanizar 
tion of rubber, to form a molding compound which 
is Vulcanizable at elevated temperatures to form 
a good OZOne and oxygen resistant material which 
is particularly Suitable for use as a dielectric 
having exceptional aging properties. The mold 
ing compound is forced into the mold through the 
bushing 3 at a suitable pressure, such as 600-1000 
pounds per square inch, so as to entirely fall the 
free spaces in the mold. The material is then 
cured for a suitable length of time at elevated 
temperatures; this curing or vulcanization being 
essentially a thermosetting phenomenon caused 
by polymerization. 

Returning briefly to Fig. 3, the parts of the 
mold which form the polarity mark are indicated 
at 30 and the parts of the mold which form 
the integral fluted portions or ridges on the main 
body are indicated at 3. 
The sectional view shown in Fig. 5 illustrates 

more clearly the unitary or integral nature of 
the main body as an outer housing, as the 
major insulation between the primary bar 2 and 
the core 7, and as the ridge members for in 
creasing the creepage distance between the bar 2 
and the mounting feet 3, and between the bar 
2 and the Secondary terminals. In this figure the 
Secondary coils are not visible because the sec 
tion is taken through the front vertical center 
line. 
A supporting plate 32 to which the turned over 

ends of the mounting feet 3 have been attached 
in any suitable manner such as by welds 33 
has been illustrated in Fig. 5. 
In the modification shown in Figs. 6 and 7, 

there is a molded main body 34 which, unlike 
body in Figs. 1 to 5, serves as the protective 
covering or housing of the apparatus and also as 
the major insulation between a multiturn pri 
mary winding 35 on the one hand, and a multi 
turn secondary winding 36 and a magnetic core 
37 on the other hand. The primary winding 35 
has oppositely extending terminals 38 and 39 
whose inner ends are bent at right angles and 
are permanently attached to the opposite ends of 
the primary winding in any suitable manner such 
as by brazing. The secondary winding terminals, 
are shown at 40 in Fig. 6. A suitable mounting 
or base plate 4, preferably of metal, is provided. 
Due to the resilient properties of the bodies 
and 34, the transformers are exceptionally 

Sturdy and they will stand very rough treatment 
Without chipping or cracking or otherwise in 
juring them. 
As shown in Fig. 6, around the main body 34, 

there is an equitorial line 42 which indicates the 
plane of juncture of the two halves of the mold 
not shown) in which the body 34 is formed, and 

it will be seen that the plane of this line bears 
the same relation to the plane of the terminals 
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39 and 40 as exists between the plane of the line 
8 and the plane of the primary bar 2 in Fig. 1. 
While there have been shown and described 

particular embodiments of the invention, it will 
be obvious to those skilled in the art that changes 
and modifications can be made without depart 
ing from the invention and, therefore, it is aimed 
in the appended claims to cover all such changes 
and modifications as fall within the true spirit 
and scope of the invention. 
What I claim as new and desire to Secure by 

Letters Patent of the United States is: 
1. An outdoor bar type current transformer, 

comprising, in combination, a closed magnetic 
core, a low voltage Secondary Winding Surround 
ing said core, a straight conducting primary bar 
extending through said core, and a resilient body 
of isobutylene copolymerized with isoprene in 
which said core and secondary winding and the 
center of said bar embedded, the ends of Said 
bar extending out beyond said body and con 
stituting high voltage terminals for said trans 
former, said body having integral ridges Sul'- 
rounding said bar for increasing the electrical 
creepage distance of the surface of said body 
relative to its overall outside dimensions. 

2. The method of making a high voltage Cur 
rent transformer which comprises, equipping a 
magnetic core with an inner low voltage Sec 
ondary and an outer high voltage primary wind 
ing, said windings being spaced apart from each 
other, said high voltage primary winding having 
a pair of rectangular cross section bar type bare 
metal terminals extending in opposite directions 
in the same plane from the ends of said primary 
winding, placing said core and Winding in a mold 
having two halves which are separable along a 
plane which bisects said terminals perpendicular 
to their plane of extension, said mold halves 
having registering grooves which closely receive 
said terminals, forcing a plastic molding com 
pound of a copolymer having a high proportion 
of isobutylene and a low proportion of isoprene 
into said mold under a pressure of 600 to 1000 
pounds per square inch until all the space in 
Said mold not occupied by said core, said Wind 
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6 
ings and said terminals is filled with said com 
pound, elevating the temperature of said mold 
Substantially above room temperature for a pre 
determined length of time so as to cure said 
compound by thermosetting it, separating the 
two halves of said mold along said plane of sep 
aration. So as to place minimum strain on the 
molded material adjacent the surface of said 
terminals, and removing the molded transformer 
from Said divided mold. 

CLINTON D. COOK, JR. 
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