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Abstract: For several years, farmers have been questioning the effects of electromagnetic fields and
stray electrical currents on the health of their animals. Observing changes in behavior or a decline
in livestock productivity, farmers suspect that electrical installations on or near the farm may be
responsible. Indeed, these systems can generate fault currents or stray currents, some of which may
pass through the animals, affecting their well-being and productivity. To identify the origin and
address this issue, an electrical diagnosis can be performed. In this study, diagnostics were carried
out in eleven bovine farms considered “healthy”. These measurements included earth resistance
equipment insulation resistance, continuity, leakage currents, as well as contact and step voltages,
with some farms presenting non-conformities. This study will better understand the potential links
between electrical installations and animal well-being, correlate the results of this study with those
obtained in diagnostics conducted on farms experiencing such concerns and implement appropriate
preventative and corrective measures.

Keywords: stray current; electrical diagnosis; animal health

1. Introduction

In 1948, Churchwood, an Australian researcher, suggested that currents from electrical
equipment in the milking area could have a negative effect on cows [1]. Similar statements
were published a few years later in New Zealand by Phillips [2,3].

The first cases of stray voltage in North America were reported in the state of Wash-
ington in 1969 [4], and then in Canada in 1975 [5].

Initially, these cases were considered unusual and localized, and thus received little
attention and media coverage in popular press and specialized journals. Starting from 1977,
many farms in the upper Midwest and on the East Coast of the United States and Canada
were identified as having stray voltage/current issues. Between 1978 and 1982, several
detailed bulletins from the Extension Service were published, addressing the identification
and resolution of stray voltage/current problems. The one by Cloud et al. [6] was widely
distributed throughout the United States. and recommends checking the electrical system,
ensuring that all service entrance earthing is adequate, looking for faulty equipment likely
to present leakage currents, and earthing all electrical equipment such as manure pumps,
silo unloaders, water heaters and water pumps at the service entrance.

In France, two protocols exist, drawn up by the CNIEL [7] and the GPSE [8]. This
electrical diagnosis is sometimes supplemented by an analysis of the sanitary situation
and, in some cases, by a geobiological diagnosis. But even with these protocols, it has not
always been possible to conclude on the causes of the problems.

There are many reasons for the presence of these stray currents and voltages in a farm.
Some may come from external sources, such as the Very Hight Voltage/Hight Voltage
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(VHV/HV) electrical network [9,10], the railway network [11] and the communication net-
work (GSM, 3G, 4G, 5G) [12] which can produce stray currents spreading in the farm’s soils
and rising via the grounding and metal parts [13]. However, in the majority of cases, they
directly originate from the farm’s internal electrical system and are the result of equipment
insulation faults [14], poor continuity of a protective conductor, faulty grounding [15], or
improper equipotential bonding between metal structures [16].

Some of these currents can pass through the animal if it is in contact with a conductor
(such as headlocks, drinkers, milking machines, etc.) or simply when the animal moves
around the farm due to the conductivity of the soils and their variability [17]. These currents
are suspected to have detrimental effects on animal well-being. A meta-analysis based on
22 publications demonstrated that the perception threshold ranges between 2 and 8 mA [18]
for a frequency of 50/60 Hz, with initial behavioral reactions typically occurring around
3 mA. Similar results were obtained in a subsequent study on heifers [19].

The objective of this article Is to present various intervention and analysis methodolo-
gies aimed at assessing the impact of parasitic currents on farms.

Firstly, this study will detail the various measurement methods, including earth
resistance, equipment insulation resistance, continuity, leakage currents, as well as contact
and step voltages. Secondly, it will present the results of measurements carried out on
eleven cattle farms considered ‘healthy’, meaning that no changes in behavior or a decrease
in the quality or quantity of milk were identified.

2. Materials and Methods

In the context of our study, an electrical diagnosis, including 5 different types of
measurements that could be the source of harmful stray currents, was conducted on
11 healthy (without apparent defects) farms (Table 1).

Table 1. Farms where the assessments were conducted.

Farm Breed of the Herd

30 Prim’Holstein
30 Prim’Holstein
54 Prim’Holstein et Montbéliarde
55 Prim’Holstein
96 Prim’Holstein et Limousine
62 Prim’Holstein et Montbéliarde
84 Prim’Holstein
61 Prim’Holstein
220 Limousine
490 Limousine
55 Prim’Holstein
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The objective of the study is to determine the thresholds corresponding to each of
the measurements that can be considered as having no effect on the animal. Some of
these measurements are normative and adapted to the protection of people and property,
but not necessarily to livestock. Others, although essential for this type of diagnosis, are
not standardized.

2.1. Earth Resistance Measurement

The role of the grounding system is to protect people, animals and property against
insulation faults in an energized equipment. The protective conductors (PE) and the
grounding system are used to dissipate fault currents, also known as leakage currents, into
the ground.

To ensure the safety of a property and people, general Residual Current Devices
(RCDs) must trip (at a current of 500 mA) as soon as a “fault voltage” circulating in the
installation exceeds the limit voltage accepted by the human body, which is 50 V AC for
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dry locations (corresponding to a current of 30 mA, considering a human body resistance
of around 2000 Q).

According to Equation (1), the value of earth resistance not to be exceeded for property
safety is 100 (), according to the NF C 15 100 standard [20].

u 50V

REurchTZ 05 A =100 Q) @

In our study, the measurement of the earth resistance of agricultural buildings is
carried out using a Chauvin Arnoux CA 6115N (portable test and measurement instruments,
Chauvin Arnoux, Reux, France) installation tester.

Two methods can be used for this measurement. The loop impedance method
(Figure 1) provides an overestimated value that includes the resistance of the earthing
of the low voltage (LV) masses of the installation, the earthing of the transformers neutral
of the distribution, the cable resistance and the soil resistivity.
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Figure 1. Measurement of the earth resistance using the loop impedance method [21].

The auxiliary earth electrode method (Figure 2) can also be used. This method also
provides an accurate measurement of earth resistance. It involves adding an auxiliary earth
electrode (earth spike), located 62% away from the house’s earthing strip, in relation to
the earthing point of the general transformer. This rod is then used to measure the ground
resistance of the building alone, excluding other elements such as soil resistivity. This
method can provide a more specific assessment of the earth resistance of the building itself.
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Figure 2. Measurement of the earth resistance using the auxiliary spike method [21].



Agriculture 2023, 13, 2010

40f17

2.2. Insulation Resistance Measurement

An equipment with an insulation fault can trigger protection devices (fuse, RCD), fail,
burn, cause a fire, and present an electrical hazard to people or animals (stress, electrifica-
tion, electrocution).

The minimum value of insulation resistance for active conductors (phase, neutral)
compared to the protective conductor PE must not be less than 500 k(}, according to the
NF C 15-100 standard [20].

Indeed, it is necessary to ensure that the current resulting from insulation faults does
not exceed 0.5 mA, the perception threshold at 50 Hz for humans [22], which corresponds
to the requirement of the 500 k() in the standard (Equation (2) and Figure 3).

R
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1
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i i " 0.0005
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@

Figure 3. Diagram representing the insulation resistance R; of equipment in series with the human
body resistance R, estimated at 2200 Q.

In our study, the measurement of insulation fault resistance of the devices is performed
using a Chauvin Arnoux CA 6115N installation tester (Figure 4). The device injects a
relatively high DC voltage (500 V) between the active conductors (phase and neutral) and
earth. This voltage is generated by the device itself. The injected voltage passes through the
insulation of the cables and components of the circuit under test. If the insulation is in good
condition, the voltage should not flow significantly through it. However, if the insulation
has defects, such as cracks, cuts, conductive impurities or high levels of humidity, some of
the voltage will be dissipated through these defects. So, the device measures the resulting
electrical resistance between the active conductors (phase and neutral) and earth, as well as
between the active conductors.
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Figure 4. Insulation fault resistance measurement of the devices.
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2.3. Measurement of Continuity and Equipotential Bonding

All electrical appliance metal parts and metallic pipelines must be interconnected
with a conductor connected to the same earth connection. The objective is to prevent any
potential difference between conductive elements within a building.

In the case of continuity, the theoretical resistance should be zero, but the resistance of
the copper cables used to achieve this continuity must be taken into account.

The resistance of a cable follows Equation (3).

pL

R=F2 ®)
with:
p: The resistivity of the copper cable (0.01724 ). mm?/m).
L: The length of the cable. It is considered that in a building, the length of the cable

does not exceed 175 m.

S: The cross-sectional area of the cable, typically 1.5 mm?.
The resistance of a cable is calculated using the following Equation (3):

0.01724-10~%-175
R = —

20
1.5-10°°

In our study, the continuity measurement was carried out using the Chauvin Arnoux
CA 6115N installation tester (Figure 5). The device sends a test voltage of 18V DC between
the metal elements to be tested (e.g., between the chassis of a device and a metal pipe)
and the ground. The injected voltage flows through the conductive elements of the circuit.
If all elements are correctly connected, the voltage flows freely without any significant
voltage drop. The device then measures the resulting electrical resistance between the
metal elements under the test and the ground. This resistance is measured in ohms (2) and
represents the ability of the elements to carry electric current. The lower the resistance, the
better the electrical continuity.
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Figure 5. Continuity measurement [23].

In addition to continuity measurement, the equipotential bonding measurement can
also be performed, which also aims to prevent a potential difference between metallic
elements within a building. This measurement is not subject to norms or laws, but it
is recommended not to exceed 0.2 (). According to Equation (3), a resistance of 0.2 ()
corresponds to 17.5 m of cables, allowing the equipotential bonding between structures
that can be simultaneously touched by the animal. Ideally, it should be closer to 0.03 (),
which corresponds to a distance of 3 m. However, it is important to note that measurements
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of such low resistances are subject to significant uncertainties when performed using a
multimeter, hence the value of 0.2 Q).

2.4. Measurement of Equipment Leakage Currents

Leakage current corresponds to a loss of electrical current to the ground or to con-
ductive elements such as water or a metal object. It is usually measured by connecting an
ammeter clamp to the protective conductor of the equipment (Figure 6).

zy Phase Forward current
82 —
t 8 Neutral Reverse current i
o a Main t Appliance
breaker PE (N
Fault current

Ground

Figure 6. Measurement of equipment leakage currents (TT earthing system).

In our study, the maximum, minimum, and effective current values of the devices
during their operating cycle will be collected every second for frequencies ranging from 30
Hz to 2 kHz during their operating cycle. The sampling period for the measurement points
is 20 ps. This measurement, although non-normative, aims to draw a parallel between the
leakage currents of equipment and the stray currents circulating in the soils, both of which
can have an impact on livestock animals.

2.5. Measurement of Contact and Step Voltages

Contact voltages refer to the voltages between an object accessible to the animal and
the ground, as well as between two accessible objects (Figure 7). These measurements
were taken at different locations where cows could potentially be exposed to such voltages,
whether they are AC or DC. For AC measurements, a multimeter was used in conjunction
with a moistened metal plate to ensure better contact with the ground (Figure 8). On
the other hand, for DC measurements, the use of a Cu/CuSQ, reference electrode was
preferred (Figure 9).

Stray
current

Contact
voltage

Figure 7. Contact voltage [8].

Figure 8. Measurement of contact voltage in AC with a moistened metal plate and a voltmeter.
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Figure 9. Measurement of contact voltage in DC with a reference electrode and a voltmeter.

As for step voltages, they correspond to the voltages between the front and rear legs
of an animal (Figure 10). These measurements were taken at various strategic locations
in the farms, taking into account the dimensions of a cow’s front and rear legs (approxi-
mately 1.8 m), with an emphasis on areas of ground discontinuity. For AC measurements,
a multimeter and two moistened metal plates were used (Figure 11). For DC measurements,
two Cu/CuSOy reference electrodes were used (Figure 12).

Stray current

Figure 10. Step voltage [8].
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Figure 11. Measurement of step voltage in AC with a moistened metal plate and a voltmeter.
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Figure 12. Measurement of step voltage in DC with a reference electrode and a voltmeter.
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These voltages (contact or step voltages) are not subject to specific standards. However,
for AC voltages, it is advisable not to exceed 1 V, which corresponds to a current of 2 mA for
a 500 Q) cow, as studies [24] have shown that this threshold does not have any detrimental
effects on dairy cows (Figure 13). For DC voltages, fewer studies have been conducted [25],
but considering the same threshold as for AC voltages seems to be appropriate.

Effect on animal behavior 500Q 10000
" 4 8
£ = =
€ None Barely Moderate Slgnlﬁcan/t -~ =
@ perceptible 2
& = 1 } 6 - Threshold of
2 _ Possible e behavioral response
Zo | - “Possible production | . B
£ 4T == ~Producton [ ~"decrease that | - | = = . —
g | decrease may be linked to 5 reshold of mi
3 e unrelated to physiological ) , = - performance
E - siological changes in TR
£ -~ No predictable . .g modification
£ L - p changes in _ animals -
£ P loss animals
O 0 = 0 0

Figure 13. Effects of current levels on behavior and milk production at 50/60Hz [26].

3. Results and Discussion
3.1. Earth Resistance Measurement

The measurement of earth resistance on the 11 expert-reviewed farms is in compliance
with the NF-C-15-100 standard [20] in 73% of the cases and does not exceed 100 (). However,
it is observed that in some farms, even those considered healthy, defects are found (Table 2).

Table 2. Results of the earth resistance measurements using two methods: auxiliary electrode method
and loop impedance method. For each method, the number of measurements that do not comply
with the NF-C-15-100 standard (<100 ) out of the total number of measurements performed is
indicated, as well as the highest resistance value recorded among all the measurements conducted
for each farm.

Farm By the Auxiliary Spike Method By the Loop Impedance Method
Measurements Not Measurements Not
N° Complying with the Standard/ Lar%{est.Measured Complying with the Standard/ Largest'Measured
esistance Resistance
Measurements Taken Measurements Taken

1 1outof 3 106 Q) 1outof3 116 Q)

2 0 out of 4 60 O) 1 outof 4 104 OO

3 0 outof 1 70 0 outof 1 200

4 0 out of 3 60 1 outof 3 Out of range
5 0 outof 1 20 O outof 1 200

6 0 outof 1 0 outof 1 230

7 1outof 3 100 Q) 1outof 3 101 Q)

8 0 outof 1 10 Q) 0 outof 1 10 Q)

9 0 outof 1 62 Q) 0 outof 1 66 Q)

10 3outof4 160 O) 3outof4 170 O)

11 0 outof 3 27 Q)

3.2. Insulation Resistance Measurement

For the insulation resistance measurement, out of 11 farms, only 4 were in compliance
with the standard (Table 3). In the other farms, between one and five devices had at least one
insulation resistance below 500 k(). In two cases, a safety hazard for people was identified.
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Table 3. Results of insulation resistance measurements of the equipment. The number of measure-
ments not complying with the NF-C-15-100 standard (<500 kQ2) is indicated out of the total number
of measurements conducted.

Insulation Resistance

Farm Measurements Not Complying with the The Lowest Value Defective Appliances

Standard/Measurements Taken

B W N =

1 outof 18 440 O) Vacuum pump
0 out of 12
1 out of 36 2002 Lighting
Electrical panel
5 out of 29 00 Lighting
Outlets
2 out of 15 220 O Elecﬁ;ﬁfgm
Electrical panel
4 out of 36 0Q) Water pump
Outlets
0 out of 19
1outof4 120 O Electrical panel
0 out of 10
0 out of 30

The insulation of equipment corresponds to the parallel association of a resistance
with capacitors. The measurement conducted only takes into account the resistive part of
the insulation, providing information on the steady-state condition of the measurement
and not the transient state. As a result, variations in the electrical cycle of the equipment
are not considered, nor are rapid phenomena such as motor or compressor startup, devices
with switching power supplies, or the inrush current during the lighting of a bulb.

3.3. Measurement of Continuity and Equipotential Bonding

Overall, 100% of the farms that underwent an assessment in the context of this study
did not meet the standard for continuity (<2 ) (Table 4) and had unsatisfactory resistance
for equipotential bonding (<0.2 ) (Table 5).

Table 4. Results of the measurements of the continuity resistance of the protective conductor, with
the number of measurements not complying with the NF-C-15-100 standard (>2 Q) out of the total
number of measurements conducted.

PE Resistance
Farm Measurements Not Complying with the
Standard/Measurements Taken

20 out of 34
11 out of 33
1 out of 25
15 out of 40
6 out of 49
1 out of 19
16 out of 48
3 out of 27
16 out of 16
8 out of 23
73 out of 82

[EE—Y
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Table 5. Results of the measurements of the equipotential bonding with the number of measurements
not satisfactory (>0.2 (3) out of the total number of measurements conducted.

PE Resistance
Farm Measurements Not Complying with the
Standard/Measurements Taken

19 out of 21
19 out of 19
11 out of 12
20 out of 21
14 out of 19
3outof3
1outofl

U
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Regarding continuity, the number of non-compliant measurements (>2 (3) was 167 out
of a total of 396 measurements, which represents 42%.

For equipotential bonding, the number of non-compliant measurements (>0.2 (2) was
87 out of a total of 96 measurements, which corresponds to 90%.

The non-compliances can be explained by the fact that no metal structure, metal barrier,
feed barrier, etc., is interconnected to the general grounding system of the building and
among themselves.

3.4. Measurement of Equipment Leakage Currents

The measurements of leakage currents are not governed by specific standards. They
were carried out over a period of 12 to 24 h on various farm equipment, such as the milking
robot, air compressor, milk tank, pressure washer, hot water tank, feeding screw, and the
general earth connection of the farm’s barn (Farm 11).

This farm shows no non-compliance in terms of insulation resistance, which initially
suggests that the leakage currents may be at low levels. Our device allows the measurement
of currents ranging from 90 mA to —75 mA, for frequencies from 30 Hz to 2 kHz. Maximum,
minimum, and TRMS current measurements are recorded every second (Figure 14).

Figure 14. Device for measuring parasitic currents. A 5A/1V current clamp, an operational amplifier
(AOP) for 100x amplification, and a Raspberry Pi Pico are used to collect the data.

For example, the milking robot mainly generates current pulses exceeding 90 mA,
saturating our measurement device and preventing us from observing the actual pulse
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levels that this device can produce (Figure 15). As shown in Figure 16, which was obtained

using an oscilloscope for a short duration of 200 ms, pulses up to 170 mA are produced by
the milking robot.

100 1

[+
(=}
.

60 1

N A
E 20 ¢
= | Max
q:) 0 —— TRMS
2 15 20 Min
3 20

8

| S T
.50{‘ II'
b kel el |l T VT

Time (h)

Figure 15. Measurement of leakage currents from the milking robot in farm 11, showing the maximum
values (blue curve), minimum values (orange curve), and True Root Mean Square (TRMS) values
(red curve) recorded every second over a 12 h period.

200

165mA

100

Current (mA)
(=)

-100

-200
-100.00 -50.00 0.00 50.00 100.00

Time (ms)

Figure 16. Measurement of leakage currents from the milking robot in farm 11 in real-time using
an oscilloscope.

All the measurements of leakage currents on various equipment revealed pulses
exceeding 90 mA. These currents are normally discharged into the ground via the grounding
system, becoming stray currents, some of which may pass through a cow.

However, it is important to note that the measurement clamps are sensitive to their
environment and can be influenced by external electromagnetic fields. When leakage
current measurements are taken in the electrical cabinet, these clamps may be disturbed by
currents flowing through nearby phase and neutral cables. Consequently, it is highly likely
that the measurements are overestimated due to these coupling issues.

3.5. Measurement of Contact and Step Voltages

The measurements of contact and step voltages are conducted in both continuous and
alternating modes.

For contact voltages (Table 6), only one farm slightly exceeds the value of 1 V in the
continuous mode, but it is common to have voltages in the range of hundreds of mV
and close to the limit (Figure 17). In contrast, in the alternating mode, three farms show
higher contact voltages, with two of them having multiple elevated measurements (up to
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43 V). Farm 4 exhibits eight out-of-range values, with measurements exceeding 10 volts,
which can be attributed to the presence of a high-voltage power line (20 kV) just above the
measurement points and the absence of equipotential bonding. The remaining six elevated
values are found in the former heifer building, where the presence of insulation faults in
the lighting points and the absence of equipotential bonding account for higher voltages.

Table 6. Results of continuous and alternating contact voltage measurements, with the number of
measurements not meeting the requirement (>1 V) out of the total number of measurements, and the
highest recorded voltage value for each farm.

Farm Continuous Contact Voltage Alternating Contact Voltage
Measurements Not Largest Measurements Not Largest
N° Complying with the Complying with the Standard/
Standard/Measurements Taken Measured Voltage Measurements Taken Measured Voltage
1 1 out of 18 120V 0 out of 26 0.87V
2 0 out of 30 0.68 V 0 out of 30 20 mV
3 0 out of 40 0.80V 0 out of 42 042V
4 0 out of 77 0.74V 8 out of 77 43V
5 0 out of 55 0.80 V 1 out of 56 11V
6 0 out of 44 0.87V 0 out of 44 017V
7 0 out of 69 0.87V 20 out of 69 9V
8 0 out of 62 0.89 V 0 out of 62 14 mV
9 0 out of 61 096V 0 out of 61 058V
10 0 out of 44 0.80 V 0 out of 44 37 mV
11 0 out of 64 0.60 V 0 out of 67 045V
1400
1200
1000 .
=
g 800
o
& . 5d .
Z fo
> r
400 = )
200 E
0 x
Farm 12 345678 91011

Figure 17. Statistical graph of continuous contact voltages measured in the 11 agricultural farms.
It shows the medians (horizontal lines) and the averages (represented by crosses) as well as the
out-of-range values (data points).

Regarding Farm 7, numerous values exceed 1V (Figure 18) but all are concentrated in
the calf-rearing building. These values can be attributed to the presence of heated water
troughs. Indeed, when the power supply to the heated water troughs was cut off, no
significant voltages were observed. The contact voltages measured in other buildings
(milking parlor, calf nursery, dairy, and milking room) never exceeded 20 mV (Figure 19).
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Figure 18. Statistical graph of continuous step voltages measured in 10 agricultural farms (No
measurements in Farm 11). It shows the medians (horizontal lines) and the averages (represented by
crosses) as well as the out-of-range values (data points).
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Figure 19. Statistical graph of alternating contact voltages measured in the 11 agricultural farms. It
shows the medians (horizontal lines) and the averages (represented by crosses) as well as the out-of-
range values (data points). In order to improve readability, the scale has been adjusted (indicated by
red lines), and the data for Farm 7 have been separated for clarity.
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Regarding the step voltages (Table 7), only farm 1 exceeds the recommended threshold
in the alternating mode for a single value. Additionally, as shown in Figure 20, except
for one step voltage value in the alternating mode exceeding 1V, the step voltages are
extremely low and do not exceed 14 mV, except for farm 11. Although farm 11 does not
have any unsatisfactory values, its measurement range is more significant. This is due to
the presence of impulses from electric fences, which do not appear in the other farms as
they were measured with the fences disconnected.

Table 7. Results of continuous and alternating step voltage measurements, with the number of
measurements not meeting the requirement (>1 V) out of the total number of measurements, and the
highest recorded voltage value for each farm.

Farm Continuous Step Voltage Alternating Step Voltage
Measurements Not Complying Lareest Measurements Not Lareest
N° with the Standard/ Measurecgi Voltage Complying with the Measure:g,i Voltage
Measurements Taken 8 Standard/Measurements Taken 8
1 0 out of 6 10 mV 1outof7 2V
2 0 out of 13 05V 0 out of 13 2.1mV
3 0 out of 14 01V 0 out of 15 13 mV
4 0 out of 16 0.8V 0 out of 16 3.6 mV
5 0 out of 15 0.7V 0 out of 15 41 mV
6 0 outof 11 0.6V 0 outof 11 4.0 mV
7 0 out of 24 0.6V 0 out of 24 3.9 mV
8 0 out of 14 0.7V 0 out of 14 8.7 mV
9 0 out of 8 0.7V 0 out of 8 34 mV
10 0 outof 11 0.8V 0 out of 10 79 mV
11 0 out of 21 130 mV
1990
140
1988
1986 o

120

// 100

12

[
o

60

Voltage (mV)

Voltage (mV)
0

40

Farm 1 2 3 4 5 6 7 8 9 10 11

Figure 20. Statistical graph of alternating step voltages measured in 11 agricultural farms. It shows
the medians (horizontal lines) and the averages (represented by crosses) as well as the out-of-range
values (data points). The scale has been adjusted (red lines) and Farm 11 has been separated to ensure
better readability.
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In continuous mode, no value exceeds the recommendations, but as with continuous
contact voltage measurements, it is common to have step voltages in the range of hundreds
of mV and close to the limit.

Overall, for healthy farms, very few elevated values were observed in continuous
mode. However, in alternating mode, two farms showed significant voltages that could lead
to changes in behavior and/or pose a risk to the animals, even though these phenomena
were not noticed by the farmers.

It is important to note that the voltage measurements taken with a multimeter do
not detect voltage impulses, whether in contact or step voltages, but rather average these
impulses over a defined period of time.

In order to observe these impulse phenomena, measurements were carried out on farm
11 using a portable oscilloscope (Figure 21). Pulse contact voltages of up to 6 V with a duration
of 100 us were recorded. These levels exceed what can be considered safe for the cattle.

7

6

Voltage ( Volt)

Time (ms)

Figure 21. Contact voltage measurement with an oscilloscope allows us to visualize impulses
originating from electric fences.

4. Conclusions

This study addresses the complex issue of stray currents on cattle farms and their
potential impact on animal health and productivity. Observations of changes in animal
behavior and reduced performance have raised concerns among farmers, leading to sus-
picions regarding internal or external electrical installations on their farms. It became
imperative to identify the source of these stray currents and resolve them effectively.

To achieve this objective, electrical diagnostics were conducted in eleven cattle farms
considered “healthy,” meaning they showed no apparent signs of stress or declining animal
productivity over time. This study aims to serve as a reference for identifying thresholds of
resistance, current, and voltage that do not result in behavioral or milk quality changes.

The measurements encompassed various parameters. It was observed that the thresh-
old value for earth resistance was not met in 27% of the farms, with the maximum level
being 170 Ohms, which apparently did not have any observable effects on the animals.
In 7% of cases, tested equipment exhibited defective insulation resistance, but in most
situations, these devices were not in direct contact with the animals. Continuity and equipo-
tential bonding measurements revealed non-conformities in 53% of cases. However, poor
continuity alone does not necessarily lead to currents affecting the animals. To have a
deleterious effect, it must be accompanied by a sufficiently high potential difference that
cannot dissipate. Leakage currents have been rarely evaluated in previous research, and
the measurements taken in this study can serve as a reference for establishing threshold
levels that have no or minimal impact on animal well-being and milk production. They
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also provide indications of transient currents circulating in the ground. Nevertheless, the
currents flowing through the animal will also depend on the electrical characteristics of
the cow and the soil. Voltage measurements for step and contact are the best indicators
for estimating the currents that can pass through the animals. However, their spatial and
temporal variability does not allow for definitive conclusions. Nonetheless, values exceed-
ing 1 V were detected in 2% of cases, a level that appears high considering the equivalent
resistance of the cows but situated in less accessible areas for the animals.

Thus, the results of this study highlight the existence of complex and nuanced connec-
tions between the electrical systems of farms and the well-being of animals. They clearly
indicate that even in farms that appear “healthy,” electrical problems can persist, potentially
affecting the health and performance of animals, even if they are not visible to the farmer.

The main objective of this study is to contribute to a better understanding of the links
between stray currents and animal well-being. The insights gained from this research will
serve as a basis for future actions aimed at optimizing electrical installations on cattle farms.
Additionally, a systematic comparison of the results obtained in “healthy” farms with those
in farms where issues have been observed is planned for a subsequent publication. This
comparative analysis will allow for a deeper exploration of the underlying causes of stray
currents and the development of specific recommendations for farmers, veterinarians, and
agricultural industry professionals to improve the health and productivity of livestock.
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