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ELECTRIC FENCE ENERGIZER

Lorell Yohn Schilling, Galesville, Wis., assignor to
Babson Bros. Co., a corporation of Illinois

Original application November 26, 1545, Serial

No. 630,811,

Divided and this application

December 14, 1949, Serial No. 132,880
(CL 175—393)

2 Claims.
1

This invention relates to an electric fence
energizer, and more particularly to an improved
battery operated arrangement for periodically
energizing an electric fence wire.

This application is a division of my copending
application entitled “Electric Fence Energizer,”
filed November 26, 1945 as Serial No. 630,811,
now abandoned.

Electric fences are intended to stop animals,
and keep them within a desired enclosure, by the
effect of electrical shocks rather than by sheer
mechanical strength, the shock used being strong
enough to cause the animal to avoid the fence
after it has been shocked once or twice, but not

strong enough seriously to injure the animal or’

anyone accidentally coming in contact with the
fence wire. Where the fence wire is briefly pe~-
riodically energized it has been determined that,
for reasons of safety, the maximum current de-
liverable to the fence should not exceed 25 milli-
amperes at any time, and the shock impulse dur-
ation should not exceed v5 of a second nor be
more often than once a second; and certain
states have incorporated these and similar re-
quirements in their codes.  Accordingly, fence
energizing devices for providing a brief periodic
impulse to the fence incorporate a circuit inter-
rupter or switch actuated by timing means in
such manner that the shock impulse has less
than + second duration and occurs less than
sixty times per minute, usually in the neighbor-
hood of 50 impulses per minute.

Previous electric fence energizers of the pe-
riodic type designed for battery operation have
almost without exception incorporated a me-
chanical timing arrangement  using a moving
mechanical mass of considerable inertia (as a
pendulum or a large balance. wheel) briefly - to
close a pair of open contact points periodically
with a cycle determined by the natural period
of the mechanical mass. Such arrangements
have had a number of defects and objections.
One of the principal defects is that the open
contact points have been subject to pitting, cor-
rosion, interruption due to dirt gefting between
them, and the like; and the very nature of the
timing actuation arrangement has been such
that contacts hermetically sealed in an appro-
priate glass tube or other envelope could not be
used. ‘ ‘

I have devised and am here disclosing an elec-
tric fence energizer particularly designed for
battery operation which incorporates a novel
timing system adapted, where desired, to use
hermetically sealed contacts; ‘and which relies
on electrical rather than mechanical factors for
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regulation of the timing. TIn general, this phase
of my invention comprises the use of a trans-
former with a winding of a large number of
turns on a magnetic core structure of consider-
able weight and size, so that the inductance of
the winding is large enough to require more than
g, seeond for current build-up to maximum when
the winding is connected to the D. C. source, as
a battery; and then by providing actuating means
(as an armature acted upon by a portion of the
fiux in the core structure) operable as a func-
tion of the current and field strength build-up
priefly to open the switch. As may be readily
apparent, this makes timing substantially en=
tirely a function of design of the winding and core
structure (factors which do not vary in the field) ;
and provides an arrangement which can readily
make use of hermetically sealed contacts in small,
light switches. ) o

Another important feature of the electric fence
energizing system here disclosed is that it pro-
vides means for delivering a very high peaked,
steep ‘wave front, relatively slowly decreasing
voltage shock impulse to the fence, having excel-
lent stock stopping power for a given quantity of
electricity (some states limit-the impulse to 3
milliampere-seconds) . '

Still another feature of this invention is that
I make use of an auto-transformer having the
above and other desirable characteristics, and
associate with it means for preventing variations
in load conditions on the fence (as contact of the
fence by wet weeds or the like) from having any
substantial effect upon the current drain on the
battery. Other features and advantages will be
apparent from the following specification and the
drawings, in which: ’ -

Fig. 1 is a side elevational view of one embodi-
ment of a battery fence energizer incorporating

my inventions; Fig. 2 is a vertical sectional view

of the device shown in Fig. 1, along the line 2—2
of such figure; Fig. 3 is a top plan view of the
device: Fig. 4 is a horizontal sectional view along
the line 4—4 of Fig. 2; Fig. 5 is an enlarged
vertical view, partly in section, of certain of the
apparatus shown in the upper part of Fig. 2; Fig.
6 is a schematic diagram illustrating the circuit
used in the device; Fig. 7 is a schematic drawing
illustrating still another system embodying my in-
ventions; Fig. 8 is a side elevational view of the
operating portion of another fence energizing
system incorporating my inventions; Fig. 9-is a
side elevational view, partly broken away; of still
another operating portion embodying my inven-
tions; and Fig. 10 is a fragmentary horizontal
sectional view along.the line 10—19 of Fig. 9. -
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In the particular embodiment of my invention
illustrated in Figs. 1-6 inclusive, the electric
fence energizer comprises a lower battery casing
portion consisting of an upper section {0 and a
lower section {1 held together in any suitable
manner, as by threading a stud 12 into an inter-
nally threaded central member {3 attached tfo
the upper casing section 10. The particular ar-
rangement here shown is designed to accom-
modate four 1% volt dry cells of the so-called
No. 6 size, two of these cells being identified as
{4 and (5; and proper separation between the
cells is ensured by four spacer members at right
angles to each other, the two shown in dotted
lines in Fig. 2 being identified as 16 and {T. In
the particular arrangement here being disclosed
the cells are all connected in parallel by a con-
tact system arrangement including the lower leaf
spring contacts (as those identified as 18 and {2)
and the upper spring-pressed cup contacts (as
those identified as 20 and 21) adapted tc make
contact with the central terminals of the cells,
as the terminals l4a and 15¢. While this ar-
rangement is shown as representative and as
illustrating one which I have actually built and
used, it will be understood that any desired
source of relatively low voltage direct current
can be used, normally either a 1% volt or § volt
battery arrangement. My inventions reside pri-
marily in the operating apparatus energized by
the direct current source, and the apparatus can
be designed to operate with any convenient pre-
determined battery arrangement. I prefer this
particular arrangement because my apparatus
is fully capable of operating on 1% volts (in fact
I have operated it satisfactorily with a single
small flashlight cell) and this battery arrange-
ment results in exceedingly long life of the bat-
tery since, as will become apparent later, there
is an almost continuous but exceedingly low cur-
rent drain on the batteries.

The upper portion of the electric fence en-
ergizer now being described comprises a lower
casing section of metal or similar suitable ma-
terial here identified as 22, and an upper casing
section 23 which I prefer to make of glass, as
illustrated, as this enables the indicator lamp
24 o be mounted within the casing and also en-
ables the user to watch the operation of the
switch indicated in general as 25. While it is
possible to develop the shocking voltage between
two parallel insulated wires strung as a fence
it is conventional to.develop the energizing volt-
age between a single insulated fence wire and
ground. In the particular system shown here
one side of the output is grounded by a ground
wire connected to the terminal 25 and the other
side of the output is delivered to the “hot” ter-
minal 27 supported by a suitable insulator such
as porcelain and the like. While a fixed indica-
tor arrangement is shown in the circuit diagram
for simplicity of illustration, an indicator ar-
rangement of the kind shown in Pfanstieh] Pat-
ent 2,304,954, of December 15, 1945, may be used,
the rotatable knob 28 being for this purpose.
The upper glass casing part 23 is adapted to
seat on a gasket:28. of rubber or other suitable
material, and the casing parts 22 and 23 are held
together by suitable means, as by a clamping
ring 30. :

Referring now more particularly to Figs, 4-6,
the operating portion-of this particular electric
fence energizer will be described. In order to
provide a satisfactory shock impulse on the fence
it is necessary to step the low voltage of the
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source up to a very much higher voltage for
the shock impulse, preferably a voltage reaching
a, peak in the neighborhood of 500-1,500 volts
and tapering off relatively slowly. While other
battery fencers on the market do this by use of
a high ratio step-up transformer, I find that
much improved voltage curve characteristics cf
the shock impulse can be obtained by delivering
the impulse from the “surge” effect incident to
the sudden collapse of a field around a coil having
a large number of turns, as from several hun-
dred turns up to a couple of thousand turns or
more. - Accordingly I provide an auto-transformer
or single winding fransformer here shown as
comprising the core structure 3{ having two
ocuter leg portions 3i{c and 3ib and a central leg
portion 3ic. Adjacent one side of this central
leg portion 3lc, and preferably separated there-

- from by a thin sheet of insulating material 32,
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is an auxiliary core structure portion comprising
a single piece of strap metal 31d having an air
gap therein between hollow generally conical
pole face portions 3i1d’ and 3id”’. The main
core structure portion is comprised of a sub-
stantial set or stack of laminations of metal
of suitable magnetic permeability; and the auxi-
liayy portion 3id is also of magnetically perme-
able material as soft iron. Around the central
leg 3ic¢ of the main core structure portion and
the vertical leg of the strap iron portion 3id is
a winding or coil 33 of at least several hundred
turns and of a resistance of the order of at least
several ohms. ‘ ) .
Referring now more particularly to the circuit
diagram comprising Fig. 6, the relatively low
voltage direct current source (illustrated as the
single bhattery 14 for simplicity) has one side
thereof connected to ground and fo one end of
the winding 33 (the lower end as illustrated in
the figure here being described). The other side
of the battery 14 is connected through an “on-
oil” switch 34 to one terminal 25¢ of the switch
25, the other terminal 25b being connected to the
ofher end of the winding 33. In order to prevent
arcing @ condenser 85 is shunted across these
terminals; and the eircuit between these termi-
nals is made and broken within a hermetically
sealed glass tube or envelope 25¢ by the rise and
fall of level of a pool of mercury 25d. This rise
and fall of mercury.level is effected by movement
of a displacement member 25e attached to a core
25f of magnetically permeable metal, as soft iron.
The core 25f and displacement member 28e drop
to the position shown in Fig, 6 by gravity, causing
connection between the terminals 25¢ and 25b
and completion of a circuit through the winding
23.  When the current in this winding, and the
flux conditions in the magnetic structure which
are a function thereof, have reached a prede-
termined value, the force developed by the flux
passing between the core portions or pole faces
3id’ and -3id’’ is sufficient to start upward
movement of the core 25f, such upward move-
ment (once started) continuing until the core
member 25f is centered with respect to the gap
between the pole faces. This movement, of
course, raises the displacement member 25e up
out of the mercury pool and causes the mercury
level to drop to a point breaking the connection
between the terminals 25a and 25b. This causes
a sudden collapse of the field around the winding
323 and develops a surge impulse of relatively
high peak voltage and sharp wave front char-
acteristics, providing an improved shock impulse.
The particular switch shown and described here
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has a number of advantages in itself, but it will
not be fully described and claimed here as it
forms the subject matter of my copending ap-
plication Serial No. 597, 991 ﬁeld Juhne 7, 1945,
now abandoned.

In order to prevent short mrcmb conditions on
the fence, or load conditions providing a rela-
tively low resistance path between the fence wire
and ground, from drawing current unduly from
the battery during the “charging” portion of the
cycle of operation, I connect the “hot” end of
the winding 33 to the fence wire through a re-
sistor 36. While a neon lamp with suitable volt-
age breakdown characteristics could be used, I
fing that this has a tendency to cause a round-
ing over of the top of the voltage wave; and ac-
cordingly I prefer to use a resistor of several
hundred ohms, as 500 ohms. Also, to provide
the desired indication by flashing of the glow
lamp 24, I tap off from a portion of the wind-
ing 33 to provide an indicating circuit compris-
ing the lamp 24 and a current limiting resistor
37 of suitable value, as for example 6,000 ochms,
While the condenser 35 may be of any suitable
value I find .02 microfarads satisfactory.

As will be readily apparent, the time interval
between closing of the circuit between the bat-
tery 14 and winding 33 and the time when the
magnetic pull between the pole pieces 31d’” and
3id’’ has reached a value causing movement of
the core piece 25f and breaking of the circuit is
a function of the rise in current in the winding
and magnetic densities in the core structure.

These in turn, of course, are substantially en-

tirely a function of the number of turns of the 3

winding and its resistance, and of the amount of
permeable metal in the core structure, more
turns and more metal providing a longer time
interval before the circuit reopens. In order to
ensure breaking of the circuit I prefer to so con-
struct the switch and associated pole pieces that
opening of the switch takes place well before the
current and flux densities have leveled off at their
maximum. For example, I find that if I design
an suto-transformer in relation to the 1% volf
source here illustrated such that current flow
and magnetic conditions do not reach their maxi-
mum and level off until about 1.3 seconds, very
satisfactory and reliable operatlon is secured
with the switch having its parts so proportioned
that the circuit is opened at slightly over one
second, as about 1.1 second, after it is closed. A
satisfactory transformer providing the desired
output impulse and having appropriate delay
characteristics in the build-up of current fiow
and field density values, for example, comprises
- a winding of 1,000 turns of No. 20 enameled wire
on a core structure of the type illustrated hav-
ing 6 1bs., 5 oz. of iron. I have found that this
provides about 1,400 volits peak output with a
switch set to open when the current flow has
reached about 130 milliamperes, with suitable
voltage for the indicating lamp 24 being pro-
vided by tapping off at about 150 turns. This ar-
rangement provides a very stable and satisfac-
tory timing system for eleciric fence energizing
equipment, provides an improved sharp wave
front shocking impulse of the order of a few
hundredths of a second or so duration about 50
or 52 times a minute, under conditions which
provide the utmost in battery life. and which
maintains stability of timing from initial battery
voltages clear on down to half voltage conditions
or thereabouts. The particular winding spec-
ifications given immediately above are for copper
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6
wire and an. energizing voltage provided by a
single dry cell, nominally 115 volts; and it will
be understood that suitable conditions require
higher resistances where higher voltages are used.

For example, a transformer design which I
have found very satisfactory for use with a 6-
volt direct current source of the type comprising
four large dry cells grouped together in a single
unit comprises 2,000 turns of No. 24 copper wire
onal¥%’ x 2%" core structure of approximately
7 1bs. in weight. The winding in this case has a
resistance of about 46 ohms as contrasted with
a resistance of only 4 or 5 ohms in the winding
given above as a suitable example of an auto-
transformer for use from a 12 volt source. Inas-
much as the batteries in the 6 volt unit are in
series rather than in parallel, T prefer to use a
good deal more than four times the resistance in
order to keep the current drain per cell within
desirable limits.

Referring now more particularly to Pig. 7, an-
other embodiment of my invention will be de-
scribed. In order to simplify the specification
and keep the description as brief as possible refer-
ence numerals 40 higher than those used in the
description of the first form will be applied to
analogous parts in Fig. 7 so that reference back
to the preceding description may readﬂy be made
to supplement this.

In Fig. 7 the aufto- transformer comprlsmg the
winding 13 and core structure T{ serve solely to
provide the high voltage shock impulse for the
fence wire, through the resistor 76 when the en-
ergizing circuit is broken; but actuation of the
switch is completely independent of the flux in
the main coil, although still a function of the
current through its winding. In this form of my
invention the battery 54, which may be of the
six-volt dry-cell type, has one end connected to
ground and to one end of the winding 73, and
the circuit from the other end of the winding
13 is completed through a switch 65 and a wind-
ing 86 back to the other side of the battery.
The winding 86 is completely separate from and
not magnetically coupled to the winding 72, but
is wound about the leg of a U-shaped separate
magnetic core structure 87. The rate at which
the inductance of these coils and principally the
inductance of the coil 73, enables the current
in the series circuit to rise determines the mag-
netic force created at the pole faces of the U-
shaped member 81. The switch 65 is herewith
shown as provided with two droplets of mercury
in engagement with the contact portions 65« and
650, these droplets being bridged by the combined
circuit closing and armature member 65f. When
the magnetic pull developed by the pole faces
of the U-shaped member 81 has reached a pre-
determined value, the armature member §5 is
lifted up at one end, breaking the circuit. - While
different types of switch arrangements are being
illustrated and described to show the fiexibility
of use of my inventions, this particular emhodi-
ment is being illustrated in Fig. 7 primarily to
show the use of a condenser 88 in parallel with
the coil 86 as means for preventing undesir-
ably rapid reclosing of the switeh. During the
charging period of a second or slightly over the
condenser 88 accumulates a voltage, which as
soon as the switch §5 opens, discharges through
the ‘winding 86 in a direction tending to con-
tinue to hold the switch contacts open.. This
comprises a specific way of maintaining the
switeh open for a sufficient period to permit com-
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plete discharge of the energy stored in the main
auto-transiormer winding 73.

Still another embodiment of my invention is
illustrated in Fig. 8, reference numerals (88
higher than those used in the description of Figs.
1-6 being applied to analogous parts. In this
embodiment of my inventions the main magnetic
core structure 121 again has the winding 33
on its central leg. In this case, however, the
switch 125 is of the moving mercury-droplet type,
adapted to be actuated between open and closed
conditions by tilting of its axis. It is mounted on
a combined armature and lever member here
identified as (48, this member being spring
mounted so as to be rockable about the axis
provided by the knife edge portion 24€¢. In this
particular form of my inventions the flux leak-
age 1o actuate the member 246 is provided by a
slot with the faces 13la’ and (3l¢”’ in the leg
iSie of the core structure. When the flux leak-
age has reached a predetermined value the left-
hand end of the member 145 (speaking with re-
spect to the position of the parts as shown in
Fig. 8) is pulled down against the core struc-
ture, the switch tube tilts to the left, and the
mercury droplet 125d runs to the left end of the
tube, opening the circuit. The desirable de-
lay in reclosing is provided by the mechanical

inertia of the returning of the mechanical parts -

and the time required for the mercury droplet
125¢ to run back down into engagement with
the terminals 125a and 122b.

In order to get sufficient inductance and time
delay to have a period of a second or more be-
fore the switch reopens, however, it is desirable
to have a magnetic core structure which is well
closed, so that a complete transverse slot across
one leg, as shown in Fig. 8, requires more iron
and more turns than would otherwise be neces-
sary. In order to enable actuation of the switch
by leakage flux in a portion of the main core,
and yet to keep the magnetic circuit provided by
the main core of as low reluctance as possible, I
prefer the alternative arrangement shown  in
Figs. 9 and 10 to that shown in Fig, 8. This em-
bodiment of my inventions shown in Figs. 9 and
10 will be described with the use of reference
numerals {40 higher than those used in the
description of Figs. 1-6 .applied to analogous
parts. . :

In this electric fence energizing arrangement
8 magnetic core structure 171 again has its cen-
tral leg I7lc surrounded by a winding {73 of
at least several hundred turns, as is the case in
all of the embodiments shown in this applica-
tion. The leg 1T1a of the core is provided with a
slot which extends only part away across the full
width of this leg to provide pole faces 171a’ and
{710’ defining an air gap in the structure there-
between. Immediately above this air gap is a
movable armature member {88 here shown as
carrying a contact member 187 adapted to en-
gage a fixed contact 188, although it will be
understood that a mercury switch of the type
shown in Fig. 8, or any other suitable hermeti-
cally sealed switch arrangement, may be em-
ployed. The member 186 is mounted on the
leaf spring member 189 and adjusted by means
of the nut 186e on the threaded stud 196b. As
before, the timing is regulated by the induct-
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ance of the coil provided by the large number !

of turns on the winding and the considerable
weight of magnetically permeable metal in the
core structure; and when the current in the

8

winding has reached a predetermined value the
magnetic force at the partial air gap in the core
leg (1la attracts the armature member 186 fo
break the circuit energizing the winding {73 and
cause the collapse of the field therearound, pro-
viding the desired impulse on the fence wire.

While I have shown and described certain em-
bodiments of my invention, it is to be under-
stood that it is capable of many modifications.
Changes, therefore, in the construction and ar-
rangement may be made without departing from
the spirit and scope of the invention as disclosed
in the appended claims.

I claim:

1.”In an electric fence system, energizing ap-
paratus including: an autofransformer having a
winding of the order of a thousand turns or
more; a magnetic core structure of permeable
material of a weight of the order of six pounds
or more, said core having a leg upon which said
winding is mounted and an external leg hav-
ing a leakage air gap extending at least par-
tially therethrough; an armature mounted in
hridging relationship to said air gap and biased

5 away from said core; first and second swiltch

contact members, at least one being operatively
connected to said armature to be moved there~
by, a circuit connection being completed between
said contact members in the de-energized posi-
ticn of sald armature; a low voltage direct cur-
rent source with one terminal connected to one
end of said aufotransformer and the other end
connected through the normally closed contacts
to the other end of said autotransformer, one
end of said transformer heing connected to the
outputb terminal of the apparatus, said armature
and switeh contact members being operated di-
rectly by flux in said core produced solely by cur-
rent.from said source flowing through said wind-
ing. whereby the timing of the cperation of said
fence energizing apparatus is a funecticn of the
slow build-up of current in said winding of the
order of a second in time and is relatively in-
dependent of variable factors in the use of the
device. C

2. Apparatus of the character claimed in claim
1, wherein the connection between one end of the
transformer and the output terminal of the ap-
paratus is completed through a resistance of the
order of several hundred ohms.

LORELL JOHN SCHILLING.
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