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Theoretical determination of the width of strip for turning when ploughing with a traditional 
plough in a field with irregular shape 

K. Trendafilov*

Department of Agricultural Engineering, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. Ploughing with a traditional plough requires bed-like movement of the unit. The field is divided into beds (strips) and each of them is processed 
individually. Two ways of movements alternate. They are called "ridge" (moving in a clockwise direction) and "furrow" (moving in counter-clockwise direction). 
At the end of the field units do stretched turns in a strip called "strip for turning". The width of this strip depends not only on the parameters of the unit but also on 
the shape of the field. In the article correlations have been produced for determining the width of strip for turning when ploughing with a traditional plough in a 
field with irregular shape and conditions in which the strip width is minimum have been determined. 
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of the unit (Figure 2), but in both cases it has a positive sign in the Introduction 
expressions;

В – the working width of the unit ;
When ploughing with a traditional (non-reversible) plough, the l  – kinematic length of the unit ;a

tractor does stretched turns at the end of the field. Movements on l  – distance from the centre of the unit (the middle of the rear n
“ridge” and “furrow” alternate. When running "ridge", the unit goes to 

axle of the tractor) to the point of the first plough body (ploughshare);
the middle of the land plot and makes turns in a clockwise direction, 

g – distance from the axis of symmetry of the tractor to the point 
and in "furrow" the unit enters from the right side of the field and 

of the last ploughshare;
carries out turns in a counter-clockwise direction. When the field is 

y – distance from the axis of symmetry of the unit until the end of 
rectangular, the width of the stripe for turning at the end of the field 

the first ploughshare (or until the internal board of right wheel of the 
depends only on the parameters of the unit. Many authors 

tractor, which runs in the furrow made in the previous motion) ;
(Svirshchevski, 1953; Levi, 1975; Kolev, 1999), give dependencies 

R – radius of turn of the unit ;
for its determination. In practice, fields are often other than 

М – the distance between the outer boards of the rear tyres of 
rectangular in shape, which makes it rather difficult to choose a 

the tractor. The outer edge of the width of the stripe for turning 
method of moving in order to achieve higher performance (Oksanen 

depends on this distance when the plough is mounted.
and Visala, 2004; Jin and Tang, 2006; Oksanen, 2007). One way to 

The width of strip for turning is calculated by summing up the 
do this is to reduce the width of the strip for turning (Bochtis and  

different segments (shown in the figure), which have the following 
Vougioukas, 2008) and hence, the total time for cultivation of the field 

values :
will be reduced. When the field is irregularly shaped, i.e. other than 

z = g.cosα ;
rectangular shape, the width of the strip for turning will also depend 

m = R(1 - cosα) ;
on the angle between the direction of the unit movement and the end 

f = l .sinα ;aof the field to which the unit is moving.
n = R.cosα ;

The objective of this work is to determine theoretically the width 
k = l .sinα - y.cosα) ; nof strip for turning when ploughing with a traditional plough in a field 
d = l .sinα + y.cosα) ; nwith irregular shape. 

Results and discussion Material and methods

As a result of the transformations the following dependencies 
For determining the width of the strip for turning the turns for the width of strip for turning when ploughing with a traditional 

performed by a unit in "ridge" and "furrow" movement are graphically plough in a field with irregular shape have been obtained:
presented (Figure 1 and Figure 2). The designations in the diagrams 1. When angle α between the direction of movement of the nit 
have the following meanings: and the border of the field is positive:

α is the angle between the direction of movement of the unit and - when running in "ridge" (Figure 1 а)
the border of the field to which it is moving. This angle varies E = z + f+n+R+0,5M = (R+g)cosα - l .sinα + R + 0,5M (1)a

between 0° and 90°. It is assumed that the angle is positive when it is 
- when running in "furrow" (Figure 1 b)on the right side of the unit (Figure 1), and negative - on the left side 
E  = n - k+R+0,5M = (R+y)cosα - l .sinα + R + 0,5M (2)1 n
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(3)          (6)

and E  = m + f+z+0,5M = (g-R)cosα - l .sinα + R + 0,5M     (4) the width of strip for turning has a minimum value, i.e. Е =Е .2 a 1 2

From Figure 1, as well as from the dependencies 
        (5) obtained, it is evident that the width of the strip for turning is less in 

„furrow” movement, whereas in “ridge” movement the tractor begins 
           turning earlier and because of that the strip for turning has a greater 

width. 

when α < arctg 
2R + y - g

l + la n
(               )

when α > arctg 
2R + y - g

l + la n
(               )

when α = arctg 
2R + y - g

l + la n
(               )

a) b)

b)a)

Figure 1. Diagram of the movement of a unit with traditional plough when the angle α between the direction of the unit 
and the end of the field is positive:а) “ridge” movement; b) “furrow” movement.

Figure 2. Diagram of the movement of a unit with traditional plough when the angle α between the direction of the unit and the 
end of the field is negative: а) “ridge” movement; b) “furrow” movement.



2. When the angle α between the direction of movement of the Conclusion
unit and the border of the field is negative:

-  when running in "ridge" (Figure 2 а)
Correlations have been produced for determining the width of E  = n -d+R+0,5M = (R-y)cosα - l .sinα + R + 0,5M (7)1 n

strip for turning when ploughing with a traditional plough in a field 
with irregular shape. 

It was found that the width of strip for turning on movements (8)
"furrow" and "ridge" is different when the angle between the direction 
of the unit and the border of the field has a positive and negative 
value because of a non-symmetrical shape of the ploughing unit. and E  = m +f-z+0,5M = (R+g)cosα - l .sinα + R + 0,5M (9)2 a

It was found out that the width of strip for turning is the smallest 
in “furrow” movement when the angle between the direction of the 
unit and the border of the field is positive, and in “ridge” movement (10)
when the angle is negative. In these ways of movement the width of 
strip for turning has a minimum which depends on the parameters of 
the unit. The width of the strip for turning has a minimum when

(11) References

ie. when Е =Е .1 2
Bochtis D and Vougioukas SG, 2008. Minimising the non-working when running in "furrow" (Figure  2 b)
distance travelled by machines operating in a headland field pattern, E = f-z+n+R+0,5M = (R-g)cosα - l .sinα + R + 0,5M (12)a Biosystems Engineering. 101, 1, 1-12.
Jin J and Tang L, 2006. Optimal Path Planning for Arable Farming, 

Therefore, when the angle is negative, the width of the strip for 
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turning is less in “ridge” motion. 
Kolev K, 1999. Exploitation of machine-tractor fleet. Dionis, Sofia.

The expressions for the width of strip for turning are different in 
Levi S, 1975. Exploitation of machine-tractor units and a fleet of 

the positive and negative angle α, because of the non-symmetrical 
motor vehicles, Zemizdat, Sofia  (Bg).

shape of the ploughing unit. In both cases the strip for turning has the 
Oksanen T, 2007. Path planning algorithms for agricultural field 
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machines, Helsinki University of Technology Automation Technology 
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achieve the smallest width of strip for turning. This will lead to a 
smaller number of moves of the unit needed for the processing of this 
strip, and reduction of time needed to perform the operation.

when α < arctg 
2R + g -y

l + la n
(               )

when α > arctg 
2R + g -y

l + la n
(               )

when α = arctg 
2R + g -y

l + la n
(               )
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