
July 15, 1941. C. PFANSTIEHL 2,249,696 
ELECTRIC FENCE 

Filed Nov. 4, 1938 2. Sheets-Sheet l 

2. 1 

221 2 
-4- 

Q Q O O O 
26 2 

u-2-2-22 
6272a2/222s22e22. 

2/ézizé 2zezé, 2%da62/2aeegev. 
2és. 

  



July 15, 1941. C. PFANSTIEHL 2,249,696 
ELECTRIC FENCE 

Filed Nov. 4, l938 2. Sheets-Sheet 2 

t-2a-e-222 
622-243/222s22222. 

  



Patented July 15, 1941 2,249,696 

UNITED STATES PATENT OFFICE 
2,249,696 

ELECTRICFENCE 
Carl Pfanstiehl, Highland Park, Ill., assignor to 

Babson Bros. Co., a corporation of Illinois 
Application November 4, 1938, Serial No. 238,914 

Claims. (C. 256-10) 
This invention relates to an electric fence and 

particularly to a means for providing a variable 
voltage and having a fixed maximum milliam 
perage on all voltages, 

Electric fences designed to prevent passage of 
animals by use of a mild electric shock have 
recently come upon the market. These fences 
consist generally of a step-up transformer de 
signed to increase the usual 60 cycle alternating 
current 115 volt supply up to voltages between 
about 500 to about 2,000 volts. Generally, a tim 
ing or intermittent device is provided to close the 
primary circuit of the transformer for very short 
times at periodic intervals. Generally, the circuit 
is not closed for more than one-tenth of a second. 
Under the general rules and regulations ap 

plicable to such fences, this shocking period can 
not be applied oftener than once a second, and 
the maximum milliamperage available upon short 
circuiting of the high voltage winding should not 
exceed 25 milliamperes. If a current of 25 milli 
amperes is exceeded, the device may be fatal to 
humans as well as to animals. Nevertheless, 
devices now on the market fail to provide means 
for insuring that the milliamperage at all times 
shall be less than this maximum. As a result, 
there have been several recent fatalities, particu 
larly to children, from the use of such fences. 
One of the primary reasons for the failure of the 
fence systems to hold the current available below 
25 milliamperes is the fact that variable voltages 
are necessary under different atmospheric con 
ditions. For example, on a wet day, a voltage of 
600 volts may be most suitable for a fence, where 
as, On a dry day, 2,000 volts might be more de 
sirable. The transformer employed may make 
use of a magnetic shunt which will limit the 
maximum current to the proper amount under 
one particular voltage condition. However, at 
lower voltages the maximum current cannot be 
so controlled under the former systems and can 
greatly exceed the proper safe amount. In the 
present system a single multiple tap transformer 
is employed with a single magnetic shunt, but 
the transformer and the shunt are so wound and 
interconnected as to provide at all voltages the 
proper maximum current and no more. 
The invention is illustrated somewhat diagram 

matically in the drawings, in which: 
Figure 1 illustrates the electric fence circuit; 

Figure 2 illustrates somewhat diagrammatically 
the operation of the transformer when operating 
at short circuit on a 765 volt tap; Figure 3 repre 
sents the same transformer action at 1,050 volts; 
Figure 4 represents the transformer at 1,540 volts; 
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Figure 5 represents the same transformer at 2,200 
volts; Figure 6 shows it as open circuit with no 
connection; and Figure 7 is a detailed cross sec 
tional view of the interrupter element. 
As shown in the drawings, the fence to com 

prises posts 2 and wire , which are connected 
through the switch arm 20 to the secondary 2 
of a transformer 22. The primary coil 23 of the 
transformer is suitably connected to a source of 
A. C. current 24 which, in this case, is 118 volts 
A. C. Preferably a low amperage fuse is placed 
in the System as indicated at 25. A switch 26, 
adapted to be manually operated, connects the 
transformer to the A. C. supply 24. In addition, 
a circuit making and breaking device 27 is pro 
vided in series with the transformer, which con 
sists of a pair of contacts 28 and 29, 29 being 
connected to switch 26 of the A. C. supply and 28 
connected at all times with the transformer. 
The two contacts are sealed into a glass tube 30 

containing a small drop of mercury 3. The base 
of each of the contacts is protected by an insu 
lating mound 32 which has sufficient height that 
in no position of the device can the mercury 
drop extend above the insulation, assuming even 
that the device is inverted. The glass tube 30 is 
so shaped that the mercury drop 3 can only con 
tact the two electrodes when it is immediately 
beneath them, and it is further shaped so that 
no matter what the position of the glass tube is 
the droplet is in unstable equilibrium at the time 
of such contact. This may be accomplished by 
arching the bottom of the tube as shown at 33 
and, further, by carrying the arching around the 
tube to produce an hour glass effect as shown in 
Figure 7 at 34. The tube 30 is mounted upon an 
arm 35 pivotally mounted at 36. 
The arm 35 is oscillated by the synchronous 

motor 37, which operates the gear 38 carrying 
the cam 39 positioned in a recess, 40 in the arm 
35. The motor is preferably run at such speed 
as to provide one contact per second between the 
mercury droplet and the contacts 28 and 29. 
The transformer shown in Figure 1 is a three 

tap transformer provided with a primary coil 23 
having 950 turns, a secondary coil 2 provided 
with 13,500 turns, and a magnetic shunt 4 pro 
vided with 1,950 turns. All of the turns are in 
the same direction. 

Also wound upon the secondary of the trans 
former is an independent winding 42 of 1,100 turns 
adapted to produce about 122 volts when ener 
gizing the 1 watt neon lamp 43 and when the 
secondary winding is on open circuit. A resist 
ance 44 of approximately 5,000 ohms is connected 
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in series with the lamp, and a second resistance 
45 of approximately 20,000 ohms is connected in 
parallel across the winding circuit. This resist 
ance is preferably in the form of a rheostat hav 
ing off positions at both sides of the resistance 
and having the connection 46 provided with a 
movable contact 47. 
Under all conditions of the fence, (except when 

it is completely grounded) when the rheostat 45 
is adjusted to include only a very small portion 
of its total resistance, the light 43 will go out. 
As the amount of resistance is increased, the 
light will finally just begin to glow and ultimately 
it may reach full brilliance. When the fence is 
completely grounded, however, the light will not 
glow at any adjustment of the rheostat 45. By 
calibration, the point on the rheostat 45 at which 
the light first begins to glow will indicate the 
amount of voltage being applied to the electric 
fence. When the fence is in good condition, that 
is, highly insulated from the ground, there will 
be a maximum voltage applied to it because, un 
der these conditions, the secondary will be de 
veloping its maximum voltage and it follows that 
the independent winding 42 also will be develop 
ing its maximum voltage. Under these conditions 
it will be necessary to include only a relatively 
Small part of the resistance before the light 43 
will begin to glow. In the event of a “dead 
ground' or short-circuit, however, in the fence, 
there will be relatively very little voltage in all 
of these lines, and the light will not glow so read 
ily or not at all. If, on the other hand, the fence 
is partially grounded, as when weeds or growing 
plants contact it, there will be a relatively mod-, 
erate voltage developed by the secondary and also 
by the winding 42, and it then will be necessary 
to adjust the rheostat 45 to include more re 
sistance before the light will begin to glow. : 
The transformer 22 consists of a stack of 40 stampings approximately one inch in height, the 

stampings being about is inch in width. Three 
taps are provided on the secondary winding of 
the transformer, namely, 50, 5 and 52, which 
are placed respectively, at 6,750; 9,000 and 13,500 
turns. They are designed to deliver, respectively, 
750; 1,000 and 1,500 volts on open circuit. A 
magnetic shunt 4 having a .030 inch air gap is 
provided with a winding having a tap 53 located 
at 750 turns and a tap 54 located at 1,950 turns. 
The winding on the shunt is also connected 
through 55 to the switch arm 56. The secondary 
winding 2 is connected through line 5 to the 
ground. 
A "tap' is here used to mean any means of 

introducing all or any part of the turns of a 
winding into the system. 
The voltage applicable to a given fence will 

vary in accordance with atmospheric and other 
conditions, so that it may be desirable under 
various conditions to apply widely different volt 
ages. Therefore, the transformer taps are pro 
vided at the different points already mentioned. 
In an Ordinary transformer the maximum cur 
rent deliverable through a given tap connection 
is different from that deliverable at other con 
nections. In an electric fence it is imperative 
that the maximum milliamperage which is de 
liverable through any of the secondary taps un 
der short circuit conditions never exceed 25. On 
the other hand, in order that the fence be effec 
tive in keening the animals enclosed, it is highly 
necessary that all of the taps on the secondary 
be capable respectively of providing not less than 
25 milliamperes when on short circuit. A three 
or more tap transformer having an ordinary 75 
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2,249,696 
magnetic shunt as used heretofore, may readily 
be adjusted so that any chosen One of the taps 
will deliver a maximum milliamperage on short 
circuit of 25, but under these conditions all of 
the other taps will deliver different maximum 
milliamperages on short circuit. 
In the present invention, however, the mag 

netic shunt 4 is constructed so that the maxi 
mum milliamperage deliverable at all the differ 
ent voltage taps respectively may be made not 
more or less than 25 under short circuit cond 
tions. The theory of such operation is some 
what obscure but will be explained, as it is now 
understood, later in connection with Figures 2 
to 6, inclusive. 

In the device shown in Figure 1 the switch 
arms 20, 56 and 60 are physically connected so 
that the movement of one automatically moves 
the other correspondingly. The contacts Bf to 
69, inclusive, are respectively connected to 
the transformer as shown in Figure 1, tap S4 be 
ing connected to 6 and 69, tap 5 being con 
nected to 62, the winding on the shunt being con 
nected at 55 to 56 and 63, tap 52 being connected 
to 60, tap 5 being connected to 65, tap 50 being 
connected to 64, 63 likewise being connected to 6. 
When the Switch arm 20 is in contact with 

contact 6 f, the other switch arms will be at 4 
and 67, respectively. In this case the current 
will be carried from tap 50 through contact 4, 
to the shunt winding through line 55, out of tap 
54 on the shunt, and then to the fence throught f. 
When the switch is in the middle position, the 

current will be carried to the fence from tap 
53 on the shunt through 55 and 65 from tap 5 
on the secondary of the transformer. When the 
Switch arms are in the right hand position, the 
current will be carried to the fence from tap 52, 
through 69 to tap 54 to line 55 and through S3 
to the fence. 

In Figures 2 to 6 a transformer, made accord 
ing to my invention, is shown provided with four 
taps of 755; 1,050; 1,540; and 2,200 volts, respec 
tively, on open circuit. The transformer com 
prises a square 4% inches in width by 3% inches 
in height comprising a 1 inch stack inch in 
width provided with a magnetic shunt of the 
same width and having an air gap of .032 inch. 
The primary of the transformer is provided with 
950 turns, and the supply circuit is 118 volts 60 
cycles. The secondary coil is provided with 
18,000 turns and is tapped at 6,750; 9,000; 13,500 
and 18,000 turns, respectively. 
The following table gives the maximum mill 

amperage of the various taps at short circult with 
the magnetic shunt disconnected. 

Open Max. m. a. 
Taps circuit short Turns 

volts circuit 

785 50 8,750 
1,050 37 9,000 
, 540 2 13,500 
2,200 18.6 18,000 

Figure 2 illustrates the arrangement in con 
nection for tapping the transformer at 765 volts. 
The drawings illustrate what I believe takes place 
in the transformer during one half cycle when the 
primary is connected to a 118 volt 60 cycle supply 
line. As shown in Figure 2, the current enters the 
primary winding O in the direction indicated 
by the arrow, producing lines of force acting in 
the direction of the arrows foo and diagrammat 
ically illustrated thereby. These lines of force 
pass around the transformer core. The represen 
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tation in Figure 2 shows a diagram of the ar 
rangement of the transformer lines of force on 
short circuit. Four of the lines are shown as be 
ing diverted through the shunt and across the air 

3 
construed as broadly as permissible in view of 
the prior art. 

I claim: 
1. A variable output voltage transformer of 

gap, whereas only one of the lines of force passes 5 the character described adapted to limit the 
through the secondary winding. For this connec 
tion the ground connection is at tap A, B is con 
nected to the shunt at Z, and tap X of the shunt 
is connected to the fence. The effect of the wind 
ing upon the shunt is to lower markedly the maxi 
mum current passing through the secondary 
winding when it is short circuited. In other 
words, the number of lines of force diverted 
through the shunt is greater on account of the 
winding thereon; therefore the maximum milli 
amperes is reduced to 25, whereas it would be 50 
if the shunt winding were not provided. 

In Figure 3 the ground is connected at A, tap 
C of the secondary is connected to tap Y of the 
shunt, and tap X of the shunt is again connected 
to the fence. In this instance only three of the 
lines of force, indicated by the arrows 00, are 
diverted through the magnetic shunt. Two of 
them pass through the secondary winding. In 
other words, the amount of force diverted 
through the shunt has been increased but not so 
much as in the case of the arrangement shown in 
Figure 2. Again the maximum short circuit milli 
amperage is 25. Without the winding upon the 
magnetic shunt the milliamperage would be ap 
proximately 37. In the arrangement shown in 
Figure 2 it would be approximately 50. There 
fore, it is not necessary to cut down the current 
as much in the arrangement shown in Figure 3 
as it is in Figure 2. 

In Figure 4 the ground is again connected at 
A, and the fence is connected at tap D. There 
is no connection to the magnetic shunt. Two 
lines of force are represented as passing through 
it, whereas three pass through the secondary 
winding. This may be taken diagrammatically as 
the normal arrangement. Again the maximum 
millamperage on short circuit is 25. 

In Figure 5 the ground is again connected 
with A, tap E of the secondary is connected to 
tap X of the shunt, tap Z of the shunt is con 
nected to the fence. In this instance only one 
line of force is shown as diverted through the 
shunt as compared to the normal two lines of 
force passing therethrough. As a result, the 
maximum milliamperage which would ordinarily 
be 18.6 on short circuit is increased to approxi 
mately 25. 

In Figure 6 the transformer is shown on open 
circuit with no connections. The secondary and 
magnetic shunt windings of this particular trans 
former are with 37 gauge wire, these coils being 
wound in the same direction. 
The transformer may also be used for other 

purpoSeS. For example, a single tap on the sec 
Ondary may be connectable to various taps, or 
One tap in reverse direction, on the magnetic 
shunt winding, in order to produce different max 
inum milliamperages at a particular voltage. 
This can also be extended to cover several taps 
on the secondary, each of which is variously con 
nectable to one or more shunt taps for the same 
purpose. Thus, any combination of open circuit 
voltages with any closer shunt circuit milliamper 
age may be provided, limited only by the capacity 
of the transformer. 
The foregoing detailed description has been 

given for clearness of understanding only, and no 
unnecessary limitations should be understood 
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maximum current deliverable thereby to a fixed 
value at different voltages, including: a core pro 
viding a principal magnetic circuit and a shunt 
path, the shunt path being provided by a portion 
of the core having an air gap therein and of such 
cross-section as to be unsaturated at all opera 
tive conditions; a primary winding on one por 
tion of the core; a tapped secondary winding on 
another portion of the core; a shunt winding on 
the shunt portion of the core; and means for 
Connecting at least a portion of the shunt wind 
ing in series with at least a portion of the sec 
Ondary, the connecting means being so arranged 
that the flux density in the shunt portion of the 
core is high when a small number of secondary 
turns are in the output circuit and low when a 
large number of turns are in circuit, whereby the 
Current delivered by the transformer on short 
circuit is maintained constant despite variations 
in the open circuit voltage thereof. 

2. A transformer of the character claimed in 
claim 1, wherein the transformer is designed to 
have a very high voltage to maximum current 
ratio. 

3. A transformer of the character claimed in 
claim 1, wherein the entire secondary winding 
is. On a portion of the core outside of the shunt 
magnetic circuit, 

4. Apparatus of the character described for 
providing a high voltage, very low amperage cur 
rent, variable as to voltage but fixed as to am 
perage, including: a source of relatively low volt 
age, high amperage current; a step-up trans 
former having a core providing a principal mag 
netic circuit and a shunt path, the shunt path 
being provided by a portion of the core having an 
air gap therein and of such cross-section as to 
be unsaturated at all operative conditions, a pri 
mary winding on one portion of the core, a 
tapped secondary winding on another portion of 
the core, a shunt winding on the shunt portion 
of the core; and Switch means for connecting at 
least a portion of the shunt winding in series 
With at least a portion of the secondary, the con 
necting means being so arranged that the flux 
density in the shunt portion of the core is high 
when a small number of secondary turns are in 
the output circuit and low when a large number 
of turns are in circuit, whereby the current de 
livered by the transformer on short circuit is 
maintained constant despite variations in the 
Open circuit voltage thereof. 

5. Apparatus of the character described for 
providing a high voltage, very low amperage cur 
rent, the apparatus providing a plurality of open 
circuit output voltages but always limiting the 
maximum current deliverable to the same maxi 
nun value, including: a step-up transformer 
having a core and primary and secondary wind 
ings on different parts of the core, one of said 
windings being tapped to enable the variation of 
open-circuit output voltage, said core also hav. 
ing a shunt portion of such cross section as to 
be unsaturated at all operative conditions and 
having an air gap therein, and a third winding 
On the shunt portion of the core; and switch 
means for selecting the open-circuit output volt 
age desired and for connecting the third wind 
ing to one of the other windings, the switch con 

therefrom, but the appended claims should be 75 nections being such that current flow through 



4. 
the third winding creates a magnetomotive force 
which assists flux flow through the shunt por 
tion of the core when the open-circuit output 
voltage is low and bucks flux flow through the 
shunt portion when the open-circuit output volt 
age is high. 

6. An electric fence comprising an exposed 
wire, and an electric circuit electrically energiz 
ing the wire, said circuit including: a trans 
former having a core providing a principal mag 
netic circuit and a shunt path, the shunt path 
being provided by a portion of the core having 
an air gap therein and of such cross section as 
to be unsaturated at all operative conditions, a 
primary winding on one portion of the core, a 
tapped secondary winding on another portion of 
the core, and a shunt winding on the shunt por 
tion of the core; and means for connecting at 
least a portion of the shunt winding in series 
with at least a portion of the secondary, the Con 
necting means beling so arranged that the flux 
density in the shunt portion of the core is high 
when a small number of secondary turns are in 
the output circuit and low when a large number 
of turns are in circuit, whereby the current de 
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livered by the transformer on short circuit is 
maintained constant despite variations in the 
open circuit voltage thereof. 

7. An electric fence comprising an exposed 
wire, and an electric circuit electrically energiz 
ing the wire, said circuit including: a step-up 
transformer having a core and primary and sec 
Ondary windings on different parts of the core, 
One of said windings being tapped to enable the 
variation of open-circuit output voltage, said 
Core also having a shunt portion of such cross 
section as to be unsaturated at all operative con 
ditions and having an air gap therein, and a third 
winding on the shunt portion of the core; and 
switch means for selecting the open-circuit out 
put voltage desired and for connecting the third 
winding to one of the other windings, the switch 
connections being such that current flow through 
the third winding creates a magnetomotive force 
which assists flux flow through the shunt por 
tion of the core when the open-circuit output 
voltage is low and bucks flux flow through the 
shunt portion when the open-circuit output volt 
age is high. 

CAR., PFANSTEH, 


