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Introduction: Our primary goal was to evaluate the perfor-
mance of a new high-efficiency electric fence energizer unit using 
resistive load changes. Our secondary goal was to test for com-
pliance with the classical energy limits and the newer charge-
based limits for output.  
Methods: We tested 4 units each of the Nemtek Druid EFE with 
2 channels each. We used a wide load-resistance range  to cover 
the worst-case scenario of a barefoot child making a chest con-
tact (400 Ω) up to an adult merely touching the fence (2 kΩ). 
Results: The energy output was quite consistent between the 8 
sources. Even at the lowest resistance, 400 Ω, the outputs were 
well below the IEC 60335-2-76 limit of 5 J/pulse. The charge de-
livered was also quite consistent. Even at the lowest resistance, 
400 Ω, the outputs (679 ± 23 µC) were well below the proposed 
limits of 4 mC for short pulses. 
Conclusions: The high-efficiency electric fence energizers satis-
fied all relevant safety limits. Charge, energy, voltage, and cur-
rent outputs are consistent between channels and distinct units.1 
 

INTRODUCTION 
Electric fence technology allows for economical and safe con-
trol of animals and humans as opposed to barbed or concertina 
wire which can cause injury. They use a painful brief shock 
intended to be well  below the threshold for VF (ventricular 
fibrillation) and  thus unable to electrocute a human being.[1]  
The traditional EFE (electric fence energizer) charged a ca-
pacitor and then dumped the capacitor energy into the primary 
of a transformer.[2] The secondary of the transformer then de-
livered its output to the electric fence wires. Such open-loop 
systems are affected by arcing (to vegetation or between 
wires) which can significantly reduce the charge delivered to 
the fence. Simply increasing the output is unacceptable due to 
safety concerns and there have been pediatric fatalities due to 
noncompliant fences.[3, 4] There are US and international 
safety standards governing EFEs.[5-7] 
 The traditional EFE output stages are not optimally effi-
cient — in terms of energy and materials — due to the energy-
material tradeoffs in the large capacitor and transformer out-
put stage. The tested design (shown in Figure 1) uses diode 
current-steering to significantly reduce the size of the capaci-
tor and transformer. The 30 µF energy-storage capacitor and 
the 16 µH series inductor give a resonant frequency of ~7 kHz 
or a period of ~ 60 µs. This is significantly underdamped as 
there is minimal resistance in the circuit (300 mΩ from PC 
board tracings). A 2nd  higher frequency resonant circuit is 
formed by the inductor and the 12 µF capacitor; this causes 
the 2nd peak superimposed onto the main discharge curve. The 
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diode across the transformer primary eliminates the longer 
low amplitude reverse flow of current through the transformer 
and so keeps the output pulse shorter in duration as well as 
eliminating useless energy delivery cancelling charge from 
the main discharge pulse. See Figure 2. Since many present 
EFE standards still include the arbitrary 5 J/pulse energy 
limit, reducing the delivered energy is important for regula-
tory reasons.  This design is able to use smaller and lighter 
inductors and capacitors without having the charge cancella-
tion that would be otherwise seen. Due to the classical misun-
derstanding that energy causes sensation, this monopolarity 
feature was often not appreciated in the past.   
 

 
Figure 1. Ouput stage of tested energizer. 

Feedback control also allows for significant energy efficiency 
gains. The design of a closed-loop EFE is non-trivial due to 
the load nonlinearities, transformer saturation, and the isola-
tion of the high-voltages. The output load has capacitance, in-
ductance, and transmission-line characteristics making mod-
eling somewhat complex.[8, 9] With line distances > 1 km the 
input impedance of a linear electric fence approaches that of 
free space (377 Ω) with a reflected impedance near 0 Ω. In 
addition, arcing to vegetation introduces nonlinearities while 
arcing to ground (or to a return wire) can introduce negative 
dynamic resistance which makes traditional feedback control 
impossible.  
 We evaluated the performance of the Nemtek Druid™ 
units with APT (Adaptive Power Technology) whose loaded 
waveforms are given in Figure 2. Upon initialization, it 
charges the output capacitors to a level that are expected to 
approximately generate a 4 kV pulse after passing thru a pulse 
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transformer. The actual voltage output is then measured, and 
this is used to calibrate the system and then the following 
pulses are delivered with peak voltages of 8.5-9.5 kV for a 
largely open circuit. In case of arcing, the voltage waveform 
is distorted from that seen in Figure 2 and the system recog-
nizes this and reduces the peak voltage until the arcing ceases. 
This feature was not tested in our study. 
 

 
Figure 2. Typical output voltage waveforms for various loads. 

For a closed-loop design a feedback signal from the ener-
gizer’s output terminals is required. Although a simple resis-
tor voltage-divider network can provide an accurate feedback 
signal, this  is not practical due to isolation specifications 
which are required by the electric fence safety standards. The 
units tested sampled the output voltage by running it thru a 
high-voltage non-inductive 4 kΩ resistor. The current thru the 
resistor was, in turn, sampled by a current transformer (black 
ring in Figure 1) to provide isolated feedback to the control 
circuitry. 
 Present EFE safety standards are based on a 5-joule en-
ergy limit per pulse. However, energy heats while charge 
stimulates and newer safety standards, for general applica-
tions, are now being based on the delivered charge.[10] The 
charge is more dependent on the load resistance and thus we 
sought to evaluate this technology vs. the newer charge limits. 
We used a wide load-resistance range  to cover the worst-case 
scenario of a barefoot child making a chest contact (400 Ω) 
up to an adult merely touching the fence (2 kΩ).[11]  
 Our primary goal was to evaluate the performance of the 
new high-efficiency feedback-controlled EFE units with load 
changes. Our secondary goal was to test for compliance with 
the classical energy limits and the newer charge-based limits 
for output.  

METHODS 
We constructed a 1000:1 voltage divider using a 1 MΩ high-
voltage low inductance Ohmite MOX-3N resistor with a 30 
kV pulse rating  in series with 1001 Ω. The load resistance 
was selectable over 400, 500, 600, 700, 800, 1k, 1.2k, 1.5k, 
and 2 kΩ by use of the schematic shown in Figure 3. The load 
resistances were made up from Ohmite model OY series 100 
Ω and 1 kΩ noninductive ceramic resistors rated for 20 kV 
and 70 J of capacitive discharge. Series trimming was done 
with smaller-value carbon resistors. The open circuit voltage 

was measured by removing the jumper going to a load resis-
tor. Since the tested EFEs all had a 4 kΩ output resistor, the 
output-stage transformer was never truly operating into an 
open-circuit load. 
 

 
Figure 3. Voltage divider and load resistors. Unlabeled resistors are 100 Ω. 

All resistance values were verified to be within 1% of the de-
sired values by measurement with a Flexzion VC8145 5-digit 
meter which was in turn calibrated to a Vishay (0.1% 500 Ω 
precision resistor.) Voltage values were recorded by a cali-
brated Siglent SDS1202X digital storage oscilloscope sam-
pling at 1 ns intervals.  
  

 
Figure 4. Voltage divider and load resistors. 



 
 

A total of 4 Nemtek Druid™ EFE units were tested. Since 
each unit has 2 individual outputs, there were 8 sources tested 
in total. For determination of the peak voltage and current, the 
instantaneous voltages were boxcar averaged over 200 sam-
ples (200 ns duration) to reduce noise artifact.  
 

RESULTS 
The energy per pulse output was quite consistent between the 
8 sources as shown in Figure 5. Even at the lowest resistance, 
400 Ω, the outputs were well below the IEC 60335-2-76-limit 
of 5 J/pulse.  
 There is a consistent transition seen between 1 kΩ and 
1.2 kΩ as the system shifts from open loop to feedback con-
trol. For loads ≤ 1.1 kΩ, the ouput voltage is limited passively 
by the maximum energy in the main storage capacitor.   
 

 
Figure 5 Energy per pulse as function of load resistance. 

The charge delivered was quite consistent between the 8 
sources as shown in Figure 6. Even at the lowest resistance, 
400 Ω, the outputs were well below the proposed new limits 
of 4 mC/pulse.[10] 
 

 
Figure 6 Charge per pulse as function of load resistance. 

The peak voltage delivered was also quite consistent between 
the 8 sources as shown in Figure 5. None exceeded the speci-
fied 9.7 kV maximum even with an open circuit. Again, there 
is a consistent control transition seen between 1 kΩ and 
1.2 kΩ as control shifts from passive to active feedback.  The 

feedback adjustment converged very rapidly and appeared to 
settle typically within a single 2nd pulse after a load change.  
 Linear regression modeling found that the peak voltage 
was roughly modeled as an internal 9154 ± 58 V source in 
series with  a 224 ± 54 Ω equivalent series resistance. 
 

 
Figure 7. Peak voltage as function of load resistance. 

The peak current delivered was impressively consistent be-
tween the 8 sources as shown in Figure 8.  
 

 
Figure 8. Peak current as function of load resistance. 

DISCUSSION 
We believe that this is the first paper to examine the perfor-
mance and safety of advanced high-efficiency digital feed-
back-controlled electric fence energizers. All units tested sat-
isfied all relevant safety limits. Charge, energy, voltage, and 
current outputs were consistent between both channels and 
distinct units.  
 The ubiquitous electric fence is essential to modern agri-
culture and has saved a great many lives by reducing the num-
ber of livestock automobile collisions.[12-16] They also pro-
vide safe protection against criminal activity. Modern safety 
standards such as IEC 60335-2-76 and UL 69 have certainly 
played a role in this positive result.[5, 17] However, the safety 
standards are essentially based on energy and power (RMS 
current) considerations, which have limited direct relationship 
to cardiac effects.   



 
 

 Upcoming safety standards, for short pulses, will be 
based on the more scientific charge.[10] With great presci-
ence, UL researcher Whittaker proposed a charge-based limit, 
of 4 mC,  back in 1939.[18]  Because of electrocutions from 
AC electric fences, impulse-generating electric fence energiz-
ers became very popular in the 1930.  Many government 
agencies and standards organizations then adopted charge 
limits to levels deemed safe.[1] The Underwriter’s Laborato-
ries (USA) proposed 4 mC as a safe impulse.[18] The Indus-
trial Commission of Wisconsin (a USA state important for 
dairy production) and the U.S. National Bureau of Standards 
adopted 3 mC as the safe level. Most countries adopted 3 mC 
as the safe level including Finland, Denmark, Great Britain, 
and France.[1] Sweden used a 2.5 mC level and the C.E.E 
(IEC predecessor) also proposed 2.5 mC.[1] The IEC 60335 
standard replaced the various country standards and eventu-
ally dropped the charge-based limit in 1989 in favor of a pure-
energy limit. 
 Thus, the international standards community once had 
scientifically-sound charge-based limits for electrical im-
pulses. Unfortunately, this understanding was somehow lost 
and the impulse limits became associated with the less-rele-
vant energy and power.[10]  
   
 
 

 
Figure 9. Body part contributions to resistance.  

Based on the 37% contribution of the arm to the typical body 
resistance, we discounted the median 775 Ω high-voltage im-
pedance to 488 Ω as given by our Figure 9 taken form IEC 
60479-1.[6] To include the worst-case scenario of a barefoot 

child contacting a fence at chest height, we further deducted 
the 9.9% (for shoulder to center-trunk) so the resistance 
would be 409 Ω and thus we elected to test down to a 400 Ω 
load.  
 

LIMITATIONS 
We did not evaluate the performance of these units with ca-
pacitive or inductive loads. We did not evaluate the perfor-
mance with long lines.  
 

CONCLUSIONS 
The digitally controlled feedback electric fence energizer 
tested satisfied all relevant safety limits. Charge, energy, volt-
age, and current outputs are consistent between channels and 
distinct units.  
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