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ABSTRACT 
 

Electro-osmosis principle consists of the application of a direct current 
voltage for an anode-cathode system introduced into soil. The soil water 
transported from the anode to cathode, on the tool-soil contact surface will 
produce a lubrification of an active surface and through this a great 
decreasing of the friction forces and implicit of the energy needed for 
displacing the tool through the soil. The active surface of the tilling tool is 
chosen in order to minimize the frictions, respective the mechanic energies 
needed for tilling. This paper aims to increase the popularization of the 
electro-osmosis technique, highlighting the advantages of using such a 
method for soil improvements, as well as in view of optimizing the functional 
parameters of the soil tillage equipment. 

 
INTRODUCTION 

 

Electro-osmosis principle [7] consists of the application of a direct 
current voltage for an anode-cathode system introduced into soil. The 
effect of this system consists in the mobilization of water particles from 
the soil and their transport in a very short time from the anode to the 
cathode. For tillage machines, the anode can be a disk knife and the 
cathode the working part. 

It is known that a basic component of the force resistant to the 
movement of the working part through the ground is the frictional force 
that arises on the tool-ground contact surface. Attempts to reduce this 
force by other means such as: vibration of the tool, covering its active 
surface with enamel, lubrication of the active surface of the tool, are 
limited by the shortcomings of these procedures and their 
ineffectiveness. The ground water transported from the anode to the 
cathode, therefore, on the tool-ground contact surface, will produce a 
lubrication of the active surface and thereby a considerable reduction 
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of the friction forces and implicit of the energy necessary to move the 
tool through the ground [2, 4].  

The energy required for tillage is a considerable part of the total 
energy consumed for plant cultivation. When the soil is processed by 
pulling or pushing processing tools, a significant part of the processing 
energy is consumed to overcome the frictional forces on the contact 
surfaces between the tool and the ground.  

The active surface of the machining tool can be chosen 
appropriately in order to minimize friction or mechanical energy 
required for machining. 

Also, electro-osmosis has been implemented to improve the 
strength of soil [1, 3, 5, 6]. 

This paper aims to increase the popularization of the electro-
osmosis technique, highlighting the advantages of using such a 
method for soil improvements, as well as in view of optimizing the 
functional parameters of the soil tillage equipment. 

 

MATERIAL AND METHOD 
 

The tillage tests for quantifying the forces necessary to move and 
reduce the energy obtained with electro-osmosis were performed in a 
soil channel with a width of 1.2 m and a depth of 0.5 m, the test section 
having approximately 13m long, with walls provided with rails that 
serve as a support for the trolley on which the processing tools are 
placed. 

 

 

 
Figure 1 - Test stand for highlighting the effect of electro-osmosis on 

the reduction of traction force in soil tillage tests 

 
The trolley is controlled by a drive system consisting of an electric 

motor and a gearbox that allows to ensure three working modes (fig. 
1). The main elements that make up the equipment for producing the 
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electro-osmosis effect are: metal frame, processing tool, disc knife 
(straight), processing knives, disc holder, knife holder, insulation, 

power supply, voltage inverter (switching source: 080 V/1A), 
electrical circuit for electrical measurement. 

The reduction of the resistance force varied, the processing tests 
being performed in two different soils: one sandy and another clay-
loam (medium soil), with a clay content of over 16%. 

 

  
Figure 2 - Equipment used in soil 
tillage tests with electro-osmosis 

(disk knife used as anode) 

Figure 3 - Equipment used in 
electro-osmosis soil tillage tests 

(straight knife used as anode) 

 
For the sandy soil, the experiments were performed at a moisture 

of 4.76% (21% real) and in the clay-loam soil at three moistures: 
12.04%, 13.66% and 19.81%, respectively at two different working 
speed: 2.16 km / h and 8.55 km / h, the applied voltages being 
between: 0 and 40V. The experiments were performed using both a 
disk knife as an anode and a straight knife. For each type of soil, the 
tests for determining the variation of resistance were performed at the 
beginning without applying an electric voltage (0V), and then 
depending on the type of soil, the voltage varies upwards, by 20V 
(sandy soil) and 10V (clay-loam soil). 

In the case of sandy soil, the experiments were performed as 
follows: for the speed of 2.16 km/h the applied voltage was varied from 
0 to 40V (the variation stage being 20V) and a straight knife used as 
an anode. The humidity at which these experiments were performed 
was only 4.76% (due to the silica in the sand that hardly accumulates 
water), but the actual humidity of the sand layer was about 21% (the 
sand layer is homogeneous due to its microstructure). This variation 
of the tensile strength was compared with a force resulting from tillage 
without applying the phenomenon of electro-osmosis, resulting in the 
reduction of the obtained force and implicitly the energy saving 
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obtained. Before each test, the soil surface was leveled and 
compacted to obtain a soil density as close as possible to that of the 
field. Likewise, in order to obtain a uniform humidity along the entire 
length of the canal, the soil was watered after which it was left for a 
while to reach the desired humidity. 

The tillage tests were performed at a depth of 15 mm, the voltage 
applied from a direct current source varying between 0 and 40V. Each 
of the machining tools was isolated from the frame so as not to destroy 
the tensometric device.  

 
RESULTS AND DISCUSSIONS 

 
To determine the potential of water through the soil, soil moisture, 

penetration resistance, density and electrical resistivity were taken into 
account. Following these tests in the sandy soil, applying the electro-
osmosis effect, a maximum reduction of 20.96% of the traction force 
was obtained at 40V applied voltage, using a straight knife as an 
anode, travel speed of 2.16 km/h, humidity of 4.76% (21% real). At a 
speed of 8.55 km/h, using also a straight knife as anode and the soil 
having a humidity of 4.76% (21% real) a maximum reduction of the 
traction force of 35.25% was obtained (at 40V voltage power supply). 

 
Table 1 

Test results for sandy soil processing by the effect of  
electro-osmosis 

 

No. 
Speed V 
[km/h] 

Voltage 
T [V] 

Moisture 
W [%] 

Knife 
type 

Force Ft 
[daN] 

Force 
reduction [%] 

1 

2.16 

0 

4.76 (21) 
N 

(straight) 

23.37 - 

2 20 21.45 8.21 

3 40 18.47 20.96 

1 

8.55 

0 

4.76 (21) 
N 

(straight) 

35.77 - 

2 20 34.00 4.95 

3 40 23.16 35.25 

 
For the clay-clay soil, the tillage tests using the electro-osmosis 

effect were performed at three moistures: 12.04%, 13.66% and 
19.81%, using as an anode a straight knife and a disc knife. 

In the case of a humidity of 19.81%, applying the electro-osmosis 
effect, a maximum reduction of the traction force of 21.36% was 
obtained (at 40V applied voltage), using a straight knife as an anode 
and a travel speed of 2.16 km/h. For the same soil moisture (19.81%) 
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but moving at a speed of 8.55 km/h, using a straight knife as an anode 
and using the electro-osmosis effect, was obtained a maximum 
reduction of the traction force of 21.19% (at 40V supply voltage). 

Using a disk knife as an anode, a maximum reduction of the 
traction force (using the electro-osmosis effect) of 16.43% (at 40V 
applied voltage) was obtained, the speed of movement of the tool 
through the ground being 2.16 km/h, at the same soil moisture - 
19.81%. If the speed of movement of the tool was 8.55 km/h, for the 
same soil moisture (19.81%), using another knife as an anode and 
using the electro-osmosis effect, was obtained a maximum reduction 
of the force of 30.25% traction (at 40V supply voltage). 

 
Table 2 

Test results for clay-loam soil processing by the effect of 
electro-osmosis (W=19.81%) 

 

No. 
Speed 

V [km/h] 
Voltage 

T [V] 
Moisture 

W [%] 
Knife 
type 

Force Ft 
[daN] 

Force 
reduction [%] 

1 

2.16 

0 

19.81 
N 

(straight) 

36.86 - 

2 10 35.60 3.42 

3 20 32.78 8.59 

4 30 29.97 16.42 

5 40 28.20 21.36 

1 

8.55 

0 

19.81 
N 

(straight) 

45,19 - 

2 10 43.75 3.18 

3 20 41.27 8.67 

4 30 38.39 15.04 

5 40 35.16 21.19 

1 

2.16 

0 

19.81 
D 

(disk) 

27.07 - 

2 20 25.03 7.53 

3 40 22.62 16.43 

1 

8.55 

0 

19.81 
D 

(disk) 

40.14 - 

2 20 35.34 11.96 

3 40 30.25 24.63 

 
In the case of a humidity of 13.66%, applying the electro-osmosis 

effect, a maximum reduction of the traction force of 22.33% was 
obtained (at 40V applied voltage), using a straight knife as an anode 
and a travel speed of 2.16 km/h. For the same soil moisture (13.66%) 
but moving at a speed of 8.55 km/h, using a straight knife as an anode 
and using the electro-osmosis effect, was obtained a maximum 
reduction in traction force of 26.12% (at 40V supply voltage). 

Table 3 
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Test results for clay-loam soil processing by the effect of 
electro-osmosis (W=13.66%) 

No. 
Speed 

V [km/h] 
Voltage 

T [V] 
Moisture 

W [%] 
Knife 
type 

Force Ft [daN] 
Force 

reduction [%] 

1 

2.16 

0 

13.66 
N 

(straight) 

27.91 - 

2 10 26.95 3.44 

3 20 25.49 8.67 

4 30 23.56 15.58 

5 40 22.33 19.99 

1 

8.55 

0 

13.66 
N 

(straight) 

33.42 - 

2 10 31.00 7.24 

3 20 30,16 9.75 

4 30 28.54 14.60 

5 40 26.12 21.84 

1 

2.16 

0 

13.66 
D 

(straight) 

29,11 - 

2 10 28.90 0.72 

3 20 26,57 8.72 

4 30 23.07 20.74 

5 40 22,39 23.08 

1 

8.55 

0 

13.66 
D 

(disk) 

40.70 - 

2 10 38.08 6.43 

3 20 36.44 10.46 

4 30 33.10 18.67 

5 40 30.41 25.28 

 

Using a disk knife as an anode, a maximum reduction of the 
traction force (using the electro-osmosis effect) of 22.39% (at 40V 
applied voltage) was obtained, the speed of movement of the tool 
through the ground being 2.16 km/h, at the same soil moisture of 
13.66%. If the speed of the tool was 8.55 km/h, for the same soil 
moisture (13.66%), using another disk knife as an anode and using the 
electro-osmosis effect, was obtained a maximum reduction of the force 
of 30.41% traction (at 40V supply voltage). 

According to the representations in the figures 4, 5 and 6 
following the application of the electro-osmosis effect in the two 
different soils it was obtained: 
- a maximum reduction of 35.25% at 40V applied voltage between 
anode and cathode, travel speed of 8.55 km / h and a straight knife 
used as anode, humidity of 21% (for sandy soil) and 
- a maximum reduction of 25.28% (using a disk knife as an anode), 
respectively 21.84% (using a straight knife as an anode), at an applied 
voltage of 40V, a travel speed of 8.55 km / h and a humidity of 13.66% 
(for clay-loam soil). 
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For sandy soil, the maximum reduction of the traction force is 
achieved at a humidity of 21%, at a speed of movement of the tillage 
tool of 8.55 km / h, using a straight knife as an anode. 

 

          
Figure 4 - Variation of the traction force with voltage when processing 

with a straight knife a sandy soil for:  
W = 21%, V1 = 2.16 km / h; V2 = 8.55 km / h 

 
 

For clay-loam soil, the maximum reduction of the traction force is 
achieved at moisture of 13.66%, at a speed of movement of the 
processing tool through the soil of 8.55 km / h, the effect being more 
pronounced when using a disc knife as anode. 

 

         
Figure 5 - Variation of the traction force with voltage when processing 

with a disk knife a clay-loam soil for:  
W = 13.66%, V1 = 2.16 km / h; V2 = 8.55 km / h 

 
 

Also in the case of clay-loam soil, a maximum reduction of the 
traction force of 21.84% was obtained, but using a straight knife as an 
anode, at the same humidity and speed of movement of the processing 
tool through the soil as in the case of the disc knife,13.66% and 8.55 
km/ h, respectively. 
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Figure 6 - Variation of the traction force with voltage when processing 

with a straight knife a clay-loam soil for:  
W = 13.66%, V1 = 2.16 km / h; V2 = 8.55 km / h 

 
CONCLUSIONS 

 
Analyzing the obtained results, we can conclude: 

- the greatest reduction of the traction force was obtained at higher soil 
processing speeds; this speed being limited; 
- the reduction of the traction force is directly proportional to the 
increase of the supply voltage reaching a maximum at 40V; 
- the reduction of the traction force was greater when a disc knife was 
used as an anode than if a straight knife was used (due to the larger 
active surface); 
- the resistance to advancement decreases proportionally with the soil 
moisture, this being limited but because at very high humidity the soil 
adheres to the processing tool and therefore the increase of frictions. 

In conclusion, the effectiveness of electro-osmosis is directly 
proportional to the increase in humidity, the speed of movement of the 
tool through the soil and the increase in supply voltage and is inversely 
proportional to the density of the soil and the degree of uniformity of 
the soil. 
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