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United States Patent Office 2,725,539 
Patented Nov. 29, 1955 

2,725,539 
TRANSFORMERS 

Leslie M. Merrill, Wilmington, N. C., Gustav V. Karlson, 
Belmont, Mass, and Victor L. Oestnaes, deceased, late 
of Westfield, N.J., by Martha P. Oestnaes, executrix, Westfield, N.J., assignors to Elastic Stop Nut Corpo 
ration of America, Union Township, N. J., a corpora tion of New Jersey 

Continuation of application Serial No. 132,335, December 
10, 1949. This application May 21, 1954, Serial No. 431,335 

18 Claims. (C. 336-96) 
This application is a continuation of copending appli 

cation Serial No. 132,335 filed December 10, 1949, now abandoned. 
The present invention relates to transformers and has 

particular reference to transformers intended for use in 
circuits for lighting and other purposes of the kind in 
which a number of transformers are arranged with their 
primary windings connected at spaced intervals in a 
common supply or power circuit and with their secondary 
windings connected respectively to different energy con 
suming units such as incandescent lamps. Such circuits, 
in which the transformers are often referred to as isola 
tion transformers, have long been employed for street 
lighting and within more recent years have been exten 
sively employed in airport lighting for runway and ap 
proach light systems and the like. In the majority of such 
installations the cables of the power circuits and the 
transformers have been buried in the ground with the 
transformers removably housed in vaults of metal, ce 
ramics, concrete and the like and with the cables either 
contained in permanent ducts of similar materials con 
necting the several vaults, or directly buried in the ground 
between vaults. Such systems are very expensive, par 
ticularly as to installation costs and are moreover rela 
tively expensive in maintenance due to ultimate leakage 
of ground water and the like into the vaults, with resultant 
electrical breakdowns traceable to corrosion of metallic 
transformer cases or seepage of water into the cable 
entrance of the transformers. 

Also, incident to modern military operations, advanced 
and temporary airfields are necessary for which runway 
lighting systems are required. For such uses the kinds 
of installations described above obviously cannot be used, 
and while so called portable lighting sets for temporary 
installation above ground have been developed they have 
not proved to be wholly satisfactory in all particulars 
and are entirely unsuited for permanent installations. 
The general object of the present invention is to im 

prove upon apparatus of the kind under discussion 
through the provision of a novel form of transformer unit, 
together with novel apparatus and methods for the manu 
facture thereof, which will enable isolation transformers 
for lighting and other purposes to be provided which are 
capable of vault installation or direct ground burial for 
permanent installation, or which may be laid above 
ground where they are exposed to atmospheric condi 
tions, without physical or electrical deterioration over 
indeterminate periods of time; which are lighter than 
present apparatus; and which are capable of withstanding 
the abusive treatment usually unavoidable in military operations. 
From the foregoing discussion it will be evident that 

the invention is directed to transformer units having ca 
pacities for transforming substantial amounts of electrical 
energy in terms of Watts or kilowatts and such transformers 
will hereinafter be designated as power transformers, with 
out limitation as to specific type or design, in order to 
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2 
distinguish them from transformers of the kind utilized 
in electronic and other applications of the kind which 
require transformer capacities of only a fraction of a 
watt or at most only a very few watts. 
To the end of accomplishing the above and other and 

more detailed objects hereinafter appearing, the invention 
contemplates the provision of a transformer unit the core 
and windings of which are directly encased in a mass of 
non-metallic material of suitable nature, hereinafter more 
fully discussed, which is molded around and into the voids 
of the transformer structure to provide a casing wiholly 
enclosing the transformer structure and with the casing 
bonded to the sheathing of the input and output cables 
providing the conductors to and from the transformer 
windings to provide a hermetic seal between the casing 
and sheathings, the electrical connections between the 
conductors and the wires of the windings being located 
within and enclosed by the molded casing material. With 
in the framework of this general structure the inventiori 
contemplates numerous additional novel and advantage 
ous structural features, the nature and advantages of 
which together with the methods and means employed to 
provide them will best be understood from the ensuing 
portion of this specification, taken in conjunction with 
the accompanying drawings in which different structura 
embodiments of the invention and the manner of fabrica 
tion thereof are disclosed by way of example but without 
imitation, the scope of the invention being defined by the appended claims. 
In the drawings: 
Fig. 1 is a top plan view, partly in section, of a trans 

former unit embodying the invention; 
Fig. 2 is a vertical longitudinal view, partly in eleva 

tion and partly in section, of the unit shown in Fig. 1; 
Fig. 3 is a vertical transverse view, partly in elevation 

and partly in section, of the unit shown in Fig. 1; 
Fig. 4 is an exploded view partly in section and partly 

in elevation, of molding apparatus for producing a trans 
former unit embodying the invention, with a transformer 
in place preparatory to the molding operation; 

Fig. 5 is a top plan view of the lower mold block of Fig. 4; 
Fig. 6 is a horizontal longitudinal sectional view, partly 

in elevation, of a different example of transformer unit embodying the invention; 
Fig. 7 is a vertical longitudinal sectional view, partly 

in elevation, of the unit shown in Fig. 6; 
Fig. 8 is a vertical transverse section, partly in eleva 

tion, of the unit shown in Fig. 6; 
Fig. 9 is a vertical section through molding apparatus, 

with transformer in place, for molding the form of trans 
former shown in Figs. 6-8; 

Fig. 10 is a top plan view of the lower block of the 
molding apparatus shown in Fig. 9; 

Fig. 11 is an exploded elevation on smaller scale of the molding apparatus of Fig. 10; 
Fig. 12 is a vertical transverse view, partly in elevation 

and partly in section, of a further example of transformer 
unit embodying the invention; 

Fig. 13 is a vertical longitudinal view, partly in eleva 
tion and partly in section, of the unit shown in Fig. 12; 

Fig. 14 is a fragmentary section of larger scale, taken 
on line 14-14 of Fig. 15; and 

Fig. 15 is a plan view, partly in section, of the unit 
shown in Fig. 12. 

Referring now to Figs. 1 to 3 of the drawings a trans 
former unit embodying the invention is indicated gener 
ally at 10. In the embodiment illustrated the transformer 
core 12 is formed in known manner by a number of plate 
like metal laminations 14 held in assembled relation by 
rivets 16 and having suitable apertures through which the 
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coils of the primary and secondary windings of the trans 
former pass. Since the specific electrical properties of 
the transformer and the details of the windings are not 
germane to the present invention the windings are shown 
generally at 23, it being understood that the wires of these 
windings are suitably insulated by acquer coatings of aily 
other form of insulation usual for the purpose. In the 
prese; it example, the terminal ends of the primary winding 
are indicated at 20 and 22, respectively, while the terminal 
ends of the secondary winding appear at 24 and 26. 
Cables 28 and 38 provide for the supply of current to the 
primary winding through metal conductors 32 and 34 con 
nected at 35 and 38 respectively by soldering or any other 
suitable electrical connecting means to the ends of the pri 
mary winding. Similarly the conductors 40 and 42 are 
connected at 44 and 46 to the ends of the secondary wind 
ing. In the present instance the primary conductors are 
carried in and form parts of separate cables, while the 
secondary conductors are carried in and form parts of a 
common cable 43. 

in accordance with cne of the aspects of the invention 
the several cables are mechanicaliy anchored to the struc 
ture of the transfornner so that the windings of the trans 
for her and the joints between their terminals and the 
cable leads are relieved of ail mechanical stresses such as 
tension created by pull on the cables and forces tending to 
displace the parts during the operation required to form 
the casing, as is also the juncture between the cabies and 
the casing enclosing the transformer. 

In the present embodiment this is accomplished by the 
provision of anchoring means in the form of what may be 
terned a harness, by means of which the ends of the cabie 
are firinly located mechanically with respect to the core 
of the transformer. This means comprises a pair of eye 
members 53 and 52, preferably of non-metalic material : 
having relatively strong physical properties and high di 
electric Srength, such for example as bakelite or equiva 
lent naterial. The members 38 and 52 are suitably aper 
tured to fit snugly over the projecting portions of the core 
at opposite sides of the transformer coil and at one end 
have projecting tongues 54 and 56 which in turn are pro 
vided with apertures 53 and GG through which extend the 
tongues 62 and 64 of a transversely extending anchor bar 
66, advantageously of the same material as the eye mem 
bers. The parts are preferably held in assembled relation 
by cotter pins or the like as seen at 68. The bar 66 is suit 
ably apertured to permit the cables 28, 30 and 48 to pass 
through it in spaced relation for connection to the ends of 
the transformer windings. At the places where the cables 
pass through the anchor bar they are firmly fixed relative 
to the bar. in the present instance this is accomplished by 
means of retal clamping rings such as rings 70 and 72, 
which are crimped around the cable 48 on opposite sides 
of the bar to firrhiy camp it against movement relative 
to the bar and to trains init to the latter tension or compres 
sive forces between the cabies and the transformer. As 
will be evident, with this construction the joints between 
the leads and the windings are relieved from all mechani 
cal strain as are also the terminal end portions of the trans 
former windings, the latter being particularly important 
because of the fact that in some instances the wires of 
the windings are relatively fine with little mechanical 
strength. Similarly, the primary cables 28 and 30 are 
anchored by means of clamp rings 74 and 76, and 78 and 
80, respectively. 

After the above described parts are assembled, the unit 
is then completed by forming around the transformer 
structure and the ends of the cables a casing 82 in which 
the transformer is hermetically sealed and to which the 
cables are also bonded to provide a hermetic seal between 
the cables and casing. 

In order to achieve the best results and to take full 
advantage of the potential benefits of the invention, con 
sideration must be given to the material of which the cas 
ing is formed. 
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4. 
Primarily, the material must be moldable and in order 

to be fully satisfactory should possess certain additional 
properties of which the following are important. It should 
be non-porous to both gases and liquids and should be 
substantially impervious to acids and alkalis of the kind 
and concentrations ordinarily encountered in earth in 
stallations. It should be substantially impervious to de 
terioration from the action of the atmosphere, particularly 
with reference to Sun rays. it should be capable of re 
Sisting, without adversely affecting its nechanical and 
electrical properties, extremes of temperature conditions 
from Subzero temperatures to the high temperatures en 
countered in above ground installations in tropic or desert 
locations. It should be relatively firm and nonfrangible 
and preferably have a certain degree of elasticity. It 
should be as free as possible from inherent “aging” with 
time. It should have reasonably good physical properties, 
particularly the quality of toughness and should have rela 
tive high dielectric strength. Furthermore it must be 
"compatible' win the covering of the cables to which it 
is bonded, to the extent required to provide a hermetic 
bond between the casing and the cabies. Because of the 
latter factor, the materials of which the cabies are made 
milst be taken into account when selecting the casing ma 
terial. As previously mentioned, flexible cables suitable 
for direct ground burial have previously been employed 
and in the development of such cables it has been found 
that in the present state of the materials art, the class of 
materials which most satisfactorily meets requirements of 
the nature of those noted above are synthetic polymers 
of connpounds productive of products generically known 
as "synthetic rubber," of which the following may be nen 
tioned as examples: "GR-S" (Government Rubber, Sty 
rene), a polymeric product of butadiene and styrene; “low 
temperature rubber,” also a polymeric product of buta 
diene and styrene; "neoprene,' which is a generic term for 
a number of chloroprene polymers of different grades aid 
designated as GR-M plus numerical designations for the 
Several grades; "butyl rubber,” a copolymer of isobutylene 
and isoprene; and "Buna N” (GR-A, Government Rub 
ber, Acrylonitrile) a copolymer of butadiene and acrylo 
nitrile. To those skilled in the materials art it will be 
evident that a substantial variety of materials suitable for 
the purpose are available and that they need not be lim 
ited to Synthetic rubbers in order to carry out the inven 
tion. Such other naterials may include synthetic resins 
such as "polythene.” Also, while it is possible to mold 
a casing from natural rubber which can be bonded to 
cables covered with compatible material, the use of nat 
ural rubber is inct to be recommended because of its in 
herent deterioration with time, or so-called 'aging char'- 
acteristics. The specific material erapioyed will therefore 
be dictated by specific conditions in different cases, one 
of which is the covering material of the cables to which 
the transformer casing intist be bonded. 
Of the foregoing materials, neoprene is one of the 

more Satisfactory and for purposes of further description 
herein it will be assumed, without limitation, that nec 
prene is the material employed. 

Also it is to be noted that in the production of cables 
of the kind under consideration the covering for the 
wires is often different from that of the outer covering, 
as for example a core of natural rubber or other inst. 
lating material covered by a sheath of neoprene or other 
material having the desired physical properties noted 
above. Since the specific internal construction of the 
cables is not germane to this invention, the term "sheath 
ing” as employed herein is to be considered as referring 
to the Outer covering of the cables regardless of whether 
that constitutes the Soie insulation for the conductors 
or other insulating materials are used internally of the 
cable. 

In accordance with one of the aspects of the inven 
tion, the casing 82 is formed by molding the casing 
material under pressure around the transformer structure 
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and the ends of the attached cables, with the assembly 
enclosed in a suitable mold cavity, so that not only is 
the enclosing casing formed and bonded to the cables 
but voids in the structure are filled with the molded 
material, the cavity being suitably vented to permit the 
escape of air or other gases from the cavity. The pres 
sure molding is ordinarily carried out at elevated tem 
perature but the temperature factor is dependent upon 
the specific nature of the material being molded as here 
inafter more fully discussed. 

While the molding operation may be carried out with 
different forms of apparatus we have found pot molding 
apparatus, of the kind now to be described, to be satis 
factory for the required purpose. 

Referring now to Figs. 4 and 5, a suitable form of 
such apparatus is shown in which the mold comprises 
upper and lower mold or die blocks 84 and 86, formed 
with confronting and mating cavities 88 and 90, respec 
tively, which when the blocks are together form a cavity 
for the transformer structure. The transformer structure 
is held in fixed spaced relation to the walls of the cavity 
by suitable centering means, which in the example shown 
comprise four studs 92 projecting upwardly in the cavity 
and shouldered to provide small centering pins 94 adapted 
to project into suitable holes in the core 12 which rests 
on the shoulders. Similar studs 96 providing centering 
pins 98 project downwardly from the upper block 86. 
The upper and lower blocks are each provided with semi 
circular grooves leading from the respective recesses 88 
and 90 to the exterior of the blocks, these grooves mat 
ing to provide passages for the reception of the cables 
leading to the transformer when the blocks are closed 
with a transformer in place, as seen at 100, 102, and 104 
in Fig. 5 and at 106 and 108 in Fig. 4. 
The walls of the grooves 100, 102, and 104 are trans 

versely ridged by serrations or corrugations, as seen more 
clearly in Fig. 5, it being understood that the walls of 
the grooves such as 106 and 108 in the block 86 are 
similarly formed. Advantageously the transverse ridges 
may be formed by a helical thread having a rounded or 
other blunt crest. The diameters of the ridged grooves 
are such that when the blocks are closed for the molding 
operation, the cables are tightly clamped by the ridged 
surfaces to prevent axial displacement of the cables rela 
tive to the blocks. Guide pins 112 projecting upwardly 
from the lower block and adapted to enter holes 114 in 
the upper block may also be provided for holding the 
cables in position until the blocks are closed. 
The lower block is further provided with a vent pas 

sage 115 leading from the cavity 88 to the exterior of 
the block. 
The upper block is provided with depending studs 118 

adapted to enter mating holes 120 in the lower block to 
center the blocks when they are closed and may further 
be provided with handles 22 for manipulating the block. 
The upper face of the upper block 86 is recessed to pro 
vide a cavity 124 for the reception of the material to be 
molded, and this cavity is connected with the mold 
cavity by sprue passages 26 and 128 which at their lower 
ends communicate with the recess 90 by way of the 
sprue grooves 130 and 132 cut in the lower face of block 
86. A pressure member 134, advantageously having 
manipulating handles 436 is formed with a depending 
plunger or piston portion 138 shaped to mate with the 
cavity 124 (both advantageously being circular) and is 
further provided with depending centering studs 140 
adapted to enter mating holes 142 in block 86. 
The general manner in which the molding operation is 

effected will largely be evident from the drawings. The 
transformer with its attached cables is first placed in 
proper position in the cavity of the lower block and the 
upper and lower blocks brought together. A suitable 
quantity of the material to be molded is placed in the 
cavity 124 and the pressure member 134 placed over the 
upper block 86. The assembly is then placed in a suit 
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6 
able press, indicated in the drawing by lower and upper 
platens 44 and 146. The required pressure is then 
applied and the molding material is forced by the plunger 
33 out of cavity 124 through the sprue passages into the 
mold cavity, forcing air and/or gases out of the cavity 
and the voids in the transformer structure through the 
vent 116, and filling the cavity to form the desired casing 
and also to fill the said voids. Since in order to insure 
the desired filling of the voids throughout the transformer 
structure, high pressures of the order of a ton or more 
per Square inch are employed, the ridged clamping pas 
Sages for the cables are employed to prevent internal 
pressure developed in the mold cavity from forcing the 
cables out of their respective channels in the die. 
While the above describes in general the pressure 

molding operation, other steps must be taken in con 
lection therewith in order to achieve satisfactory results 
when using a preferred material such as neoprene which 
requires heat as well as pressure for proper molding. 
To supply the required heat, the die blocks and pressure 
member are maintained at elevated temperature, advan 
tageously of the order of 300 F. for neoprene molding. 
Such heating may be effected by any suitable means, as 
for example by conduction from hot press platens or 
by direct heating by electric resistance or the like. 

Also, it is important that prior to the molding opera 
tion the transformer structure be heated to desired ele 
vated temperature and "soaked" for a period sufficiently 
long for the temperature to become stabilized at the de 
sired value. Such preheating serves several purposes, 
among the most important of which are to insure the 
driving off of any moisture in the structure, to enable the 
molded material to thoroughly permeate the structure 
and fill the many voids therein without risk of “cold 
shuts,” and to shorten the time of the molding cycle. 
The latter may be particularly important with certain 
molding materials which are susceptible to “overcuring” 
with deterioration of desirable physical and electrical 
properties if subjected to molding temperature for too 
long a period of time as might be required if the trans 
former unit were not preheated. 
The stabilized preheat temperature to which the trans 

former is heated will of course depend upon the tempera 
ture characteristics of the material to be molded. In 
general the preferred procedure is to preheat to at least 
approximately die block temperature and in the event 
the molded material is of a variety moldable at relatively 
low temperature the transformer still should be preheated 
to a temperature capable of thoroughly driving off mois 
ture. 

Since the preheated transformer is immediately mold 
ed, the cables are attached before the preheating opera 
tion, and the method of heating must be selected so 
that the properties of the attached insulated cables are 
not impaired electrically or mechanically. It has been 
found that placing the assembly of transformer and at 
tached cables in an oven at proper temperature and for 
Sufficient time to properly soak it does change the prop 
erties of cables of the kinds usually employed, whereas 
if the transformer is heated by other methods which 
Substantially confine the heating to the transformer it 
Self, damage to the cables is avoided. Accordingly, the 
transformer is preferably preheated by some such other 
method, as for example by placing the transformer be 
tween heated blocks in contact with the core, to which 
heat is transmitted by conduction. Other methods may 
be employed, such as by high frequency induction heat 
ing and also by passing current through the windings 
at Substantially higher frequency than that for which 
the transformer is designed, with consequent heating 
due to increased hysteresis losses. While the conductors 
of the cables may have some temperature rise due to 
conduction from the heated parts to which they are at 
tached, such heating is neglible in effect when methods 
such as those described are employed. 

- 5 Furthermore, before the transformer structure is 
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placed in the die, the end portion of the cables which 
extend into the cavity are suitably prepared to enable 
the required hermetic bond between the cables and 
the molded material to be effected. Such preparation will 
naturally be different with different materials. In many 
cases where the cable sheathing and the molded material 
are the same, direct fusion may be obtained without prep 
aration other than proper cleaning of the sheathing and 
roughening of the surface. In other instances, pretreat 
ment of the cable ends with a suitable bonding agent 
which may be of a solvent nature with respect to the ma 
terials used, may be required. As previously noted, 
the molding material must be compatible with the cable 
sheathing, and as herein employed the term compatible 
is intended to include not only materials directly fusible 
to each other but materials which by the aid of a bonding 
agent or agents may be herinetically boided together, 
as distinguished from being mechanically joined. 

After the molding operation is effected the moided 
unit is left in the hot die cavity, for a period of time : 
sufficient to enable the molded material to set and to 
"cure,' the period of time varying with the specific na 
ture of the material and the size of the transformer. A 
curing period of thirty minutes for a transformer unit 
requiring the injection of about three pounds of Neo 
prene has been found to be satisfactory. 

After the curing period, the die blocks are separated, 
and the unit removed. When removed from the blocks 
the unit is left with a number of cavities leading from 
the exterior to the core as the result of the withdrawal 
of the locating studs and pins required to hold the trans 
former Structure in fixed position during the molding 
operation. These holes are plugged with plugs of the 
molding material, a bonded joint being effected by a 
solvent or other appropriate means. 
to be plugged are "blind,' the insertion of the plugs is 
facilitated by evacuating the air from the cavities. This 
is accomplished by inserting a very fine hollow tube 
into the passage along one side as the plug is inserted, 
the tube being connected to a suitable vacuum pump, 
and then withdrawing the tube before the bond between 
the parts has set, so that the minute aperture left by 
the tube is closed by the resilient action of the material. 
The invention is readily applicable to many different 

forms of transformer structures and by way of example 
the application of the invention to a transformer having 
a coil type core is illustrated in Figs. 6 to 8. In this 
structure the core 150 is formed by a strip of sheet 
metal Wound upon itself to provide an annular core 
through the central aperture of which the windings of 5 
the primary and secondary coils of the transformer, des 
ignated generally at 52, pass. 
A pair of anchoring members 154 and i56, of bakelite 

of the like, are rigidly clamped to the core by means of 
bolts 158 and nuts ió0. The primary cables 162 and 
$64 are anchored to member 54 by means of metal 
clips 66 and 63 held by screws 170 threaded into 
member 154 and are also anchored to member 156 by 
similar clips, one of which appears at 172 in Fig. 7. 
inwardly of the second set of clamps the conductors 
174 and 176 of the cables are joined respectively to the 
ends 178 and 80 of the primary winding by suitable 
joints indicated at 182 and 134. The secondary cable 
i86 is fixed to the member 154 by a metal clamp 188 
held by screws 199 and on the inner side of the clamp 
is bent sharply upwardly to pass through a suitable hole 
192 in member 154, which appears in dotted lines in 
Fig. 8. Cable 186 carries both secondary conductors 
94 and 96, which are connected respectively to the 
ends 198 and 209 of the secondary winding by means 
of Suitable joints 292 and 294. As will be evident from 
the foregoing, the cables are firmly harnessed to the 
core, to which external stresses such as result from pull 
on the cables, are transmitted, thus relieving the conduc 
tors, joints and windings of strain. 

Since the cavities : 
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8 
In Figs, 9, 10, and 11, suitable molding apparatus is 

shown which in this instance, comprises a lower block 
206 recessed at 208, an intermediate block 210 having a 
through-recess 212 and upper block 24 having a recess 
216 and a pressure member 218 having a plunger 220 
adapted to enter a second recess 222 in the upper block. 
Shouldered studs 224 provide locating pins 226 which 
enter holes 228 (Fig. 6) formed in the anchor members 
154 and 156. When closed the blocks are centered by 
studs 230 and 232 projecting from the upper and lower 
blocks respectively and entering bores 234 in the inter 
mediate block, and the recesses 208, 212 and 216 to 
gether form the die cavity, which is connected with the 
material receiving cavity 222 in the upper block by the 
sprue passages 236 formed in the intermediate and upper 
blocks. Channels 238,240, and 242 are provided by 
mating grooves in the lower and intermediate blocks for 
the reception of the cables, the walls of the passages also 
perferably being provided with transverse ridges to en 
gage the cables in a compressive grip. The lower block 
is grooved to provide a vent 250 and there is also pref 
crably provided a shallow recess 252 into which excess 
material is extruded during the molding operation to 
form a flap which can be sheared off after the transformer 
unit is removed from the mold. 
So far as the molding operation and the steps incident 

thereto both before and after the molding are con 
cerned, the previous discussion in connection with the 
first embodiment described applies and therefore need not 
be repeated in connection with the present example. 
AS previously noted, the specific nature of the trans 

former, particularly as to its electrical characteristics, is 
not germane to the present invention, but for best results 
certain factors of design and construction should be given 
consideration. The design should be such that the molded 
material should have access to all current carrying sur 
faces and the connections between the conductors of the 
cables and the transformer windings should be of a per 
manent nature, as by soldering or brazing, and the joints 
should be free from sharp projecting edges or points pro 
ductive of corona effect. Further, the arrangement 
should be such as to place the greatest practical amount of 
insulating material between different conductors at differ 
ent potentials. 
To this end the anchoring means may be constructed 

to provide an additional insulating or dielectric barrier 
between the joints at the ends of the several conductors 
and in Figs. 12 to 15 another form of unit is shown which 
employs a transformer of the same construction as shown 
in Fig. 1 but in which the means for joining the conduc 
tors to the windings and for anchoring the cables is some 
what different from the previously described embodi 
ments. 

In the present example the transformer has a flat lami 
nated core 260 and associated primary and secondary 
windings indicated generally at 262. At two corners, the 
laminations may be secured by rivets 264 and at the re 
maining corners they are held by through bolts 266 and 
nuts 268. Two sheet metal loops 270 and 272 have aper 
tured ends through which the bolts pass to fix the loops 
to the armature. The midportions of the loops pass in 
front of the end portions of an anchor member 27.3 
made of relatively strong material of high dielectric 
strength. Advantageously this may be of a molded syn 
thetic resin, nylon. being a suitable material. In the 
present instance the member 274 is formed with a main 
flat Web 276 having apertures 278 and 280 at its ends 
through which hollow rivets 282 and 284 pass to rivet 
the member to the loops 270 and 272. Intermediate its 
ends the member is formed with a series of spaced lat 
erally projecting flanges or barriers 286, there being five 
in the present instance, and between each two barriers 
the Web is apertured and a hollow metal grommet or 
hollow rivet 288 passing through each aperture is riveted 
to the web, as: seen more clearly in Fig. 14. Under the 
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outer flange of each rivet 288 a metal connector 290 is 
secured, the connector having at one end an apertured tab 
portion through which the rivet passes and at its other 
end having a socket for the reception of the coil wire to 
which the connector is soldered or brazed to provide a 
permanent joint. The member 274 is further provided 
with laterally extending strengthening webs 292 and 294 
and the forward face of web 276 is advantageously bev 
elled at 296 between the several barriers to avoid the 
necessity for sharp bends in the tab portions of the con 
nectors. As in the previous embodiment, the primary 
cables 298 and 300 are spaced apart with the secondary 
cable 302, carrying two conductors 304 and 306, between 
them. As shown in Figs. 14 and 15 the two conductors 
are separated to pass through adjacent rivets 288 to 
which they are soldered or brazed to form permanent con 
nections, the conductors preferably being headed over at 
the inner ends of the rivets to provide greater resistance 
against being pulled out. The ends 308 and 310 of the 
secondary winding are soldered or brazed to the appro 
priate connectors 290. Similarly, the ends 312 and 314 
of the primary winding are fixed to the connectors asso 
ciated with the rivets to which the primary cable leads 
are fixed. 
As will be evident from the drawings, the several cables 

are firmly anchored to the transformer core through the 
medium of the metal conductors, and a positive and per 
manent electrical connection is established between the 
conductors and the transformer windings. Also as will be 
evident from the drawings, the flanges or barriers 286 
between adjacent joints provide means in addition to 
the molded material for isolating the joints from each 
other to minimize the possibility of electrical leakage 
within the transformer between joints at substantially 
different potentials. Since the configuration of the trans 
former or unit shown in Figs. 12-15 is essentially the 
same as that shown in Figs. 1-3, it will be obvious that 
insofar as molding apparatus and procedure is concerned, 
that shown and described in connection with Figs. 4 
and 5 is applicable. 

While in the foregoing, pot molding operations have 
been described, by way of example, in which all of the 
molded material is forced from one mold cavity to an 
other in which the transformer is located, it is to be 
pointed out that since in most instances a relatively thick 
casing is formed around the transformer, and the mold 
ing operation is ordinarily carried out at high temperature 
and accompanied by a subsequent curing period at high 
temperature, part of the required quantity of molding 
material may be packed around the transformer in the 
mold cavity, in sheet or other form, before the mold 
blocks are closed, so the entire quantity of molding mate 
rial required for the casing does not have to be trans 
ferred by the molding operation. Also, it will be under 
stood that insofar as the invention is concerned, injec 
tion molding machines of the kind used for plastics mold ing may be employed. 
From the foregoing it will be evident that many differ 

ent specific forms of transformer units may be produced 
through the use of numerous different specific forms 
of apparatus and modes of procedure applied to a variety 
of materials, without departing from the principles of 
the invention the scope of which is to be understood as 
embracing all articles, apparatus and methods falling 
within the purview of the appended claims. 
What is claimed: 
1. As a new article of manufacture, a power trans 

former unit comprising an assembly of a core and primary 
and secondary windings associated therewith, fiexible in 
put and output cables comprising metal conductor's elec 
trically connected to said windings and sheathing for Said 
conductors consisting of an artificial non-frangible or 
ganic material characterized by physical properties render 
ing it appropriate for direct burial in the earth without 
adverse effect on the material, and a casing for said as 
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1. ) 
sembly of non-frangible organic material compatible with 
the material of said sheathing intimately bonded to and ex 
tending from said sheathing as an unbroken continuation 
thereof enclosing said assembly, whereby to interpose an 
unbroken sealing wall between said conductors and said 
assembly on the one hand and the ambient surroundings 
on the other hand. 

2. As a new article of manufacture, a power transform 
er unit of the step-down type adapted for use as an isola 
tion or power distribution transformer comprising an as 
sembly of a core and relatively high tension primary wind 
ings and relatively low tension secondary windings asso 
ciated therewith, flexible input and output cables compris 
ing metal conductors electrically connected to said wind 
ings and sheathing for said conductors consisting of an 
artificial non-frangible organic material characterized by 
physical properties rendering it appropriate for direct 
burial in the earth without adverse effect on the material, 
and a casing for said assembly of non-frangible organic 
material compatible with the material of said sheathing 
intimately bonded to and extending from said sheathing 
as an unbroken continuation thereof enclosing said as 
sembly, whereby to interpose an unbroken sealing wall 
between said conductors and said assembly on the one 
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hand and the ambient surroundings on the other hand. 
3. As a new article of manufacture, a power trans 

former unit comprising an assembly of a core and pri 
mary and secondary windings associated therewith, flex 
ible input and output cables comprising metal conductors 
electrically connected to said windings and sheathing for 
said conductors consisting of an artificial non-frangible 
organic material characterized by physical properties ren 
dering it appropriate for direct burial in the earth with 
out adverse effect on the material, said material com 
prised of a material selected from the class of polymers of 
compounds productive of products generically termed 
synthetic rubber, and a casing for said assembly of non 
frangible organic material compatible with the material of 
said sheathing intimately bonded to and extending from 
said sheathing as an unbroken continuation thereof en 
closing said assembly, whereby to interpose an unbroken 
sealing wall between said conductors and said assembly 
on the one hand and the ambient surroundings on the 
other hand. 

4. As a new article of manufacture, a power trans 
former unit comprising an assembly of a core and pri 
mary and secondary windings associated therewith, flex 
ible input and output cables comprising metal conductors 
electrically connected to said windings and sheating for 
said conductors consisting of an artificial non-frangible 
organic material characterized by physical properties 
rendering it appropriate for direct burial in the earth with 
out adverse effect on the material, said material consist 
ing of Neoprene, and a casing for said assembly of non 
frangible organic material compatible with Neoprene inti 
mately bonded to and extending from said Neoprene 
sheathing as an unbroken continuation thereof enclosing 
said assembly, whereby to interpose an unbroken sealing 
wall between said conductors and said assembly on the 
one hand and the ambient surroundings on the other hand. 

5. As a new article of manufacture, a power trans 
former unit comprising an assembly of a core and primary 
and secondary windings associated therewith, flexible in 
put and output cables comprising metal conductors elec 
trically connected to said windings and sheathing for said 
conductors consisting of an artificial non-frangible or 
ganic material characterized by physical properties ren 
dering it appropriate for direct burial in the earth without 
adverse effect on the material, and a casing for said 
assembly of the same material as that of said sheathing 
intimately bonded to and extending from said sheathing 
as an unbroken continuation thereof enclosing said assen 
bly whereby to interpose an unbroken sealing wall be 
tween said conductors and said assembly on the one hand 
and the ambient surroundings on the other hand, 
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6. As a new article of manufacture, a power trans 
former unit comprising an assembly of a core and pri 
mary and secondary windings associated therewith, flex 
ible input and output cables comprising metal conductors 
electrically connected to said windings and sheathing for 
said conductors consisting of an artificial non-frangible 
organic material characterized by physical properties 
rendering it appropriate for direct burial in the earth 
without adverse effect on the material, said material 
consisting of a material selected from the class of poly 
mers of compounds productive of products generically 
termed synthetic rubber, and a casing for said assembly 
of the same material as that of said sheathing intimately 
bonded to and extending from said sheathing as an unbrok 
en continuation thereof enclosing said assembly, whereby 
to interpose an unbroken sealing wall between said conduc 
tors and said assembly on the one hand and the ambient. 
surroundings on the other hand. 

7. As a new article of manufacture, a power trans 
former unit comprising an assembly of a core and pri 
mary and secondary windings associated therewith, flex 
ible input and output cables comprising metal conduc 
tors electrically connected to said windings and sheath 
ing for said conductors consisting of an artificial non 
frangible organic material characterized by physical prop 
erties rendering it appropriate for direct burial in the 
earth without adverse effect on the material, said mate 
rial comprising a material selected from the class of 
polymers of compounds productive of products generally 
termed synthetic rubber and consisting of Neoprene, and 
a casing of Neoprene for said assembly intimately bonded 
to and extending from the Neoprene sheathing of said 
cables as an unbroken continuation thereof enclosing said 
assembly, whereby to interpose an unbroken sealing wall 
of Neoprene between said conductors and said assembly 
on the one hand and the ambient Surroundings on the 
other hand. 

8. As a new article of manufacture, a power trans 
former unit comprising an assembly of a core and primary 
and secondary windings associated therewith, flexible in 
put and output cables comprising metal conductors elec 
trically connected to said windings and sheathing for said 
conductors consisting of an artificial non-frangible organic 
material characterized by physical properties rendering it 
appropriate for direct burial in the earth without ad 
verse effect on the material, and a casing for said assem 
bly comprising a molded mass filling the interstices in 
said windings and said core of non-frangible organic ma 
terial compatible with the material of said sheathing in 
timately bonded to and extending from said sheathing 
as an unbroken continuation thereof enclosing said assen 
bly, whereby to interpose an unbroken sealing wall be 
tween said conductors and said assembly on the one hand 
and the ambient surroundings on the other hand. 

9. As a new article of manufacture, a power trans 
former unit comprising an assembly of a core and primary 
and secondary windings associated therewith, flexible in 
put and output cables comprising metal conductors elec 
trically connected to said windings and sheathing for said 
conductors consisting of an artificial non-frangible or 
ganic material characterized by physical properties render 
ing it appropriate for direct burial in the earth without 
adverse effect on the material, anchoring means for me 
chanically holding the end portions of said cables in sub 
stantially fixed relation to said assembly and a casing 
for said assembly of non-frangible organic material com 
patible with the material of said sheathing intimately 
bonded to and extending from said sheathing as an un 
broken continuation thereof enclosing said assembly and 
said anchoring means, whereby to interpose an unbroken 
sealing wall between said conductors, said assembly and 
said anchoring means on the one hand and the ambient 
surroundings on the other hand. 

10. A new article of manufacture, a power transformer 
unit of the step-down type adapted for use as an isolation 

O 

2 5 

30 

3 5 

s 5 

5 5 

60 

75 

12 
or power distribution transformer comprising an assembly 
of a core and relatively high tension primary windings 
and relatively low tension secondary windings associated 
therewith, flexible input and output cables comprising 
metal conductors electrically connected to said windings 
and sheathing for said conductors consisting of an artificial 
non-frangible organic material characterized by physical 
properties rendering it appropriate for direct burial in the 
earth without adverse effect on the material, anchoring 
means for mechanically holding the end portions of said 
cables in substantially fixed relation to said assembly 
and a casing for said assembly of non-frangible organic 
material compatible with the material of said sheathing 
intimately bonded to and extending from said sheathing 
as an unbroken continuation thereof enclosing said assem 
bly and said anchoring means, whereby to interpose an 
unbroken sealing wall between said conductors, said 
assembly and said anchoring means on the one hand and 
the ambient surroundings on the other hand. 

li. As a new article of manufacture, a power trans 
former unit comprising an assembly of a core and primary 
and secondary windings associated therewith, flexible in 
pilt and output cables comprising metal conductors elec 
trically connected to said windings and sheathing for said 
conductors consisting of an artificial non-frangible or 
ganic material characterized by physical properties ren 
dering it appropriate for direct burial in the earth without 
adverse effect on the material, anchoring means provid 
ing a mechanical connection between said cables and the 
core of said assembly for holding the end portions of said 
cables in Substantially fixed relation to said assembly and 
a casing for Said assembly of non-frangible organic ma 
terial compatible with the material of said sheathing in 
timately bonded to and extending from said sheathing 
3 an unbroken continuation thereof enclosing said assem 
biy and said anchoring means, whereby to interpose an 
unbroken sealing wall between said conductors, said 
assembly and said anchoring means on the one hand and 
the arabient Surroundings on the other hand. 

12. As a new article of manufacture, a power trans 
former unit comprising an assembly of a core and primary 
and Secondary windings associated therewith, flexible in 
put and output cables comprising netal conductors elec 
trically connected to said windings and sheathing for said 
conductors consisting of an artificial non-frangible 
organic material characterized by physical properties 
rendering it appropriate for direct burial in the earth with 
out adverse effect on the material, anchoring means for 
mechanically holding the end portions of said cables in 
Substantially fixed relation to said assembly, said anchor 
ing means including an anchor to which said conductors 
are mechanically secured, said anchor having portions 
providing electrical barriers between the end portions of 
the conductors of adjacent cables, and a casing for said 
assembly of non-frangible organic material compatible 
with the material of said sheathing intimately bonded to 
and extending from said sheathing as an unbroken con 
tinuation thereof enclosing said assembly and said anchor 
ig means, whereby to interpose an unbroken sealing wall 
between said conductors, said assembly and said anchor 
ing means on the one hand and the ambient surroundings 
on the other hand, 

13. An article as defined in claim 12 in which the 
material of Said casing Substantially fills the spaces be 
tween said electrical barriers. 

14. An article as defined in claim 9 in which said 
anchcring means includes an anchoring member of elec 
trically non-conducting material and spaced metallic ele. 
ments carried by said member, the ends of said can. 
ductors being connected by fused metal to said elemeii.5 
to anchor the cables, and the ends of said coil windings 
being electrically connected to said elements. 

15. An article as defined in claim 9 in which said spaced 
metallic elements are in the form of hollow rivets within 
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the bores of which the ends of said conductors are dis posed. 
16. An article as defined in claim 15 in which metal 

connectors are clamped under the heads of said rivets, the 
ends of said coil windings being attached to said con 
nectors by fused metal. 

17. An article as defined in claim 14 in which said 
anchoring member includes projecting barrier portions 
separating adjacent ones of said spaced metallic ele 
ments. 

18. An article as defined in claim 17 in which the ma 
terial of said casing substantially fills the spaces between 
said projecting barrier portions. 
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