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Abstract. Aspects of mathematical modelling of 

wrapping round (i.e. cylindrical) bale related to the 

optimization of foil consumption are considered for 

individual bales of agricultural materials wrapped in 

plastic foil. The article details the mathematical 

description of bale wrapping, while also identifying both 

some solved problems and a few open ones, which can be 

solved to optimize the foil consumption. Mechanical 

properties of the sealing foil characterized by its Poisson 

ratio, arbitrary foil and bale size dimensions and 

overlapping width of subsequent wrapped foil strips were 

taken into account. After providing a basic understanding 

of how the foil is consumed in the course of wrapping 

process, the mathematical model for determining the 

number of entire foil wrappings is determined. Next the 

results of mathematical analysis are used for optimization 

purposes. The foil consumption per unit of the bale 

volume index is used as a measure of foil expenditure. 

Two problems of foil consumption optimization are stated 

and solved. The formulas for computing the optimal foil 

width and optimal bale size dimensions are derived and 

estimations of the solution errors are given. 

Computational results are presented and analyzed for 

exemplary bale silage. 

Key words: baled silage, cylindrical bale, 

mathematical model, stretch foil consumption, 

optimization 

 

INTRODUCTION 

 

For over six decades the research and analysis of bale 

silages has been an area of research within different 

fields, including biology [1,2], chemistry and 

biochemistry [1,4,15,19], physics [1], agronomy [2,16] 

and engineering [16,18,20,21]. Since its origin in the 

1950s the subject of baled silage technique has grown into 

an area with applications in several branches of 

agriculture, the number of academics working on it and 

patents in the area has been increasing over the years.  

A comprehensive review of the studies on the technique 

of bale silage conservation of agricultural materials can be 

found in [1,3,14], and for further research [4,10,17]. 

Studies concerning the usage of plastic foil to bale 

wrapping, especially the seal integrity and storage quality 

depending on different features have been carried out 

since 1990s, e.g., [1,2,3,6,8,12,19]. The study of foil 

usage has been extensive, with conceptual bases 

supported by empirical data, but generally, despite a few 

papers, limited to [6,7,11,13] and other papers of the same 

authors, there is still a lack of investigations concerning 

the mathematical description of the foil consumption 

aspects. Financial expenditures on the purchase of stretch 

foil constitute a high percentage in the total costs of this 

technology of silage production [14]. The effect of bale 

size dimensions and the number of foil layers as well as 

the value of the overlap of the adjacent strips of the foil 

on the foil consumption has been taken into account for 

round and square bales in [7,11]. In our previous paper 

[17] a direct analytical formula to compute the final 

number of wrappings necessary to guarantee the required 

number of foil layers under the assumed standard of 

wrapping as a function of initial width of foil, its 

Poisson's ratio and unit deformation of the foil, bale 

diameter as well as the overlap ratio, was given for the 

first time. The computer program which contains a 

graphical module for visualization of geometry of the 

distribution of subsequent foil strips and the arrangement 

of foil layer in a bale cross-section has also been 

presented in [17]. The length and surface area of foil 

taken from the roll and used for wrapping the bale were 

determined and its dependence of foil width was 

examined for two geometrically different ways of 

wrapping with overlaps equal to 50% and 75% foil width. 

As a result of the simulation, in [17] some remarks 

concerning the foil consumption have been formulated. 

The present study supports a mathematical model 

proposed in the preceding paper [17], that is, a more 

detailed analysis is made. 

The aim of this paper is to present in a unified way the 

mathematical model which can be used for foil 

consumption optimization. First, we describe the idea of 

the model of foil consumption based on the estimation of 

the number of wrappings. After providing a basic 

understanding of how the foil is consumed in the course 

of wrapping process, the formulas for determining the 

entire number of foil wrappings and the distance between 

the edge, from which the wrapping begins, and the 

opposite edge of the final (applied for the final wrapping) 
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foil strip (presented briefly in [17]) are derived here and 

analyzed in detail. The mechanical properties of the foil 

described by the Poisson ratio as well as the foil and bale 

dimensions are taken into account. As a result, the 

mathematical model for exact estimation of the foil 

consumption for cylindrical bale silages is derived, which 

provides a basis for the optimization. A simple 

computational algorithm is described. Next, the foil 

consumption is discussed based on pole to volume ratio. 

Two problems of the optimal foil and bale dimensions 

design are stated and discussed. The solution of the 

problem of optimal choice of the foil width is given. In 

the second problem a fixed volume of bale silage must be 

optimally wrapped by stretch foil. The optimal bale 

dimensions are sought out. For this problem only 

suboptimal solution is derived since only an approximate 

estimation of the foil consumption is used as a quality 

index for this task. The examples of how the model 

proposed may be used in the optimal choice of foil and 

bale size parameters are given. The considerations are 

confined to the widely practiced method of individual 

wrapping of separate cylindrical bales [3,14], for 

illustration see Fig. 1 in [17]. In all the examples it was 

assumed that the bale is to be protected by at least four 

layers of foil, cf. [12,19]. The model did not describe the 

relation between the number of basic foil layers, the 

number of bale rotations and the overlap ratio. Besides, 

the article initially presents some open problems in the 

optimization of foil consumption. 

 

MATHEMATICAL MODEL – PRELIMINARIES 

 

Before describing the mathematical models that are 

aimed at estimating and optimization of the foil 

consumption, this article provides some insight into the 

problems that need to be addressed to achieve the 

assumed standard of bale silage wrapping. More details 

on how this standard is understood are provided below.  

 From the definition of Poisson's ratio    we have the 

following formula [17, Eq. (1)]: 

 

                , (1) 

 

which for a given width of unstretched foil    and unit 

deformation     allows to compute foil width after 

stretching    . As in the previous paper [17] we assume 

that the geometry of movements (the bale's rotation speed 

and the baler rotation speed) are taken so that the 

subsequent strips of foil overlap one another creating the 

overlap      , where    is dimensionless relative ratio 

determining the width of the contact between adjacent foil 

strips. This means that all foil strips both overlap and are 

equally overlapped by successive strips. Symmetry of the 

bale is assumed, thickness of the foil is ignored here (on 

typical foil and bale dimensions see e.g., [11,13,19]). It is 

also assumed that the number    of bale rotations around 

its axis is selected so as to ensure for taken overlap factor 

   the assumed principal (i.e. minimal on the whole bale 

surface) number of foil layers. In the examples four layers 

are established. This means that the basic number of 

entire wrappings    obtained directly for    rotations of 

the bale is the largest integer such that the following 

inequality is satisfied: 

 

                  , (2) 

 

where:    is the outer bale diameter. Thus: 

 

     
     

         
 , (3) 

 

where:     denotes the largest integer not greater than   

(floor function [9]). To simplify the notation the 

expression under floor function brackets in (3) we denote 

as:  

 

    
     

         
. (4) 

 

Obviously, the ratio    does not have to be (and 

usually is not) an integer. It provides the upper estimate of 

the basic integer number of wrappings   , since    
       .  

The last applied strip of foil creates an overlap       

on a preceding strip, while the ‘distance’ between the 

edge determining the beginning of wrapping and the 

opposite edge of the foil strip applied during the first 

wrapping is equal to:  

 

                             . (5) 

 

Note, that in the special case of half rotation of the 

bale (    

 
) ‘distance’    is identical to the overlap of 

the last applied foil strip on a first foil strip applied in the 

previous layer.  

We assume that the bale is wrapped correctly, when 

the last applied strip of foil overlaps the preceding strip 

with overlap       and ‘overlaps’ the first applied foil 

strip with the overlap not smaller than      . Thus, the 

assumed standard of wrapping is guaranteed directly for 

   rotations whenever         . If this condition is not 

satisfied, the additional bale rotation is necessary. To 

determine when it is necessary three complementary 

cases:  

 

(i)             , 

(ii)             and     , 

(iii)            and      

 

must be analysed separately. The analysis ensure more 

deep insight into the foil expenditure. To illustrate the 

analysis, the example is given. 

Example 1. The following parameters are taken: bale 

diameter           , width of unstretched foil    

       , Poisson's ratio of foil             and unit 

deformation of foil             , which are assumed to 

be the same for all the examples and figures. The cross-

sections of the bales with indicated geometry of the 

distribution of overlapping foil strips in exemplary (i)-(iii) 

cases is presented in Fig. 1–3; the respective numerical 

data are summarized in Table 1. The ‘overlap’    (5) as 

well as the overlaps       and the strips of stretched foil 



ON THE MATHEMATICAL MODELLING AND OPTIMIZATION OF FOIL …      103 

 

of width     are shown in the figures. For detailed 

illustration of the successive foil strips and layers 

distribution see Fig. 4 in the previous paper [17].  

 

Table 1. The numerical data for Example 1  

case (i) (ii) (iii) 

overlap        0,2147         

bale rotations    2 1 2 

number of foil 

layers  
4 4 4 

ratio    (4) 21      41         

overlap    (5)     0,098161               

overlap           0,098161               

 

CASE ANALYSIS 

 

Let us consider in detail the (i)–(iii) cases defined 

above. Note, that in view of (3) and (4) the equation (5) 

can be rewritten in an equivalent form as: 

 

                           . (6) 

 

Case (i). If        , then from (6) it follows that the 

distance          is equal to the assumed overlap – see 

Fig. 1 which illustrates the cross-section of a well-

wrapped bale. Additional bale rotation is not needed.  

 
Fig. 1. Distribution of the foil layers and illustration of the 

‘overlap’    – case (i) 

Case (ii). Now        . If the distance     , then 

based on (6) we have (see Fig. 2): 

 

                                 . (7) 

 

The above means that the last foil strip do not make a 

‘full’ overlap on the first strip of the foil. Then, in order to 

ensure bale wrapping in accordance with the assumed 

standard, the basic number of wrappings    achieved for 

   bale rotations is not sufficient – at least one more 

wrapping is required. When one additional strip of the foil 

is applied, the distance    is replaced by the final 

(corrected) one given by: 

 

                , (8) 

 

which, in view of (6), is equal to: 

 

                          . (9) 

 
Since                    , the following 

inequality holds: 

 

                     , 

 

and then, in view on equation (9), we immediately obtain: 

 

         . (10) 

 

This means that, by adding to    one additional wrapping, 

we guarantee the final ‘overlap’    larger than the 

assumed value      . Thus, the final number of foil 

wrappings               . Fig. 2 (and Fig. 3 for 

the next case) show how the adding (to    wrappings) of 

one additional strip of the foil affects the final bale 

wrapping with the final ‘overlap’   . 

 

Fig. 2. Distribution of the foil layers and illustration of the 

‘overlaps’   ,       and    – case (ii) 

Case (iii). Now, we will analyse the case when 

        and the ‘distance’    is non-positive – see Fig. 

3. It is easy to check that if     , then, based on 

equation (6), we obtain: 
 

         
  

    
. 

 

This particularly means that: 
 

   
  

    
, (11) 

 

and whence       . If        , then: 

 

                        

 

and the next inequality is also valid: 

 

                         . 

 

In consequence, the following inequality holds (compare 

equation (7)): 
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                                        . 

    (12) 

 

In the case when     , inequality (12) means that 

the distance          is lower than foil width     

reduced by double the width of overlap      . Thus, also 

in this case in order to guarantee bale wrapping 

conforming with the assumed standard, it is required to 

increase the basic number of bale wrappings   . Let us 

apply one additional strip of the foil. As a result, the 

corrected value    of the distance    is given by formula 

(8) and, in view of inequality (12), is such that: 

 

         , (13) 

 

so it is acceptable. It is easy to check that in view of (8) 

and the right hand side equality of (12), the final ‘overlap’ 

   is given by the formula (9).  

Note, that in the special case when     , by adding 

one additional wrapping, in view of equation (8), we 

obtain the final ‘overlap’ of the width:  

 

             . 

 

Since in the case considered the inequality (11) holds, 

the estimation          is valid, i.e., this overlap is also 

greater than assumed. 

     

Fig. 3. Distribution of the foil layers and illustration of the 

‘overlaps’   ,       and     – case (iii) 

 
NUMBER OF FOIL WRAPPINGS 

 

In view of the above analysis only, in the case (i) no 

additional bale rotation is needed and           , 

while in (ii) and (iii) cases one additional foil strip must 

be added to achieve the assumed wrapping standard and 

the final number of wrappings               . 

Thus, the final number of entire wrappings    is uniquely 

determined by the general formula: 

 

          
     

         
   

     

                 
 , (14) 

 

where:      is the smallest integer not lower than    

(ceiling function [9]). The final ‘overlap’    is given by 

the general, common to the (i)–(iii) cases, formula:  

 

                         , (15) 

 

which results directly from (9) and (14). In the case of 

integer    the last overlap is equal to      , while in the 

opposite case in view of inequalities (10) and (13) the 

estimation          holds.  

While    bale rotations around its axis the bale 

rotation angle is equal to     . During an additional bale 

rotation in (ii) and (iii) cases, additional rotation angle 

equal to  
         

  
 is made. Thus, the final bale rotation 

angle around its axis is given by the formula: 

 

     
                                               

      
         

  
                 

 . (16) 

 

The ratio    (4) not only makes possible determining 

the total number of wrappings that satisfy the assumed 

standard of bale wrapping, as characterised by formula 

(14), but is also significant to design of algorithm for bale 

wrapping computations, as it allows to easily determine 

the initial ‘distance’    (6) as well as the final ‘distance’ 

   (9) and the angle    (16). This ratio and    yields also 

useful upper estimates of the increase of foil 

consumption, if compared with the optimal foil 

consumption – see formulas (25), (26) and (37) below.  

Example 2. For the bale silage from Example 1 the 

dependence of the final number of wrappings    (14) on 

the width of unstretched foil    is illustrated in Fig. 4 for 

overlaps     

 
  
 
  
 
  
 
, for which the bale rotation 

numbers, equal to, respectively,           
 
, are taken in 

order to guarantee at least four layers of the foil. For    

variability the interval               is chosen, cf. 

[11,13]. For the overlaps        and         the 

graphs in Fig. 4 are identical. It is not surprising, since for 

these overlaps 
  

    
   (see (14)). Only two, one or half 

rotations of the bale are required to wrap the bale, where 

14 to 43 foil strips are wrapped.  

 

Fig. 4. The final number of wrappings    as a function of 

the width of unstretched foil   ; the solid dot indicates the 

value of the function    in discontinuity point 
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FOIL CONSUMPTION 

 

 Symmetry of the bale is assumed, thereby the length 

of stretched foil     wrapped over the bale is equal to: 

 

               , (17) 

here:    is bale height, whereas the length of wrapped 

foil    taken from the roll is given by: 

 

    
   

     
 

          

     
. (18) 

 

Thus, the surface area of foil taken from the roll is equal 

to        , and can be expressed in form resulting 

directly from (17) and (18) as: 

 

    
          

     
  , (19) 

 

where:    is given by right hand side of (14). The 

dependence of the surface area    on the foil width    for 

fixed bale dimensions has been studied in the previous 

paper, see [17, Fig. 3].  

A useful measure of the foil consumption is the 

surface area to volume of silage ratio       [11], here    

is volume of the bale, which for cylindrical bale is given 

by: 

 

    
  

  
 

   

   
   

. (20) 

 

Allowing the above, the following scheme can be 

applied to compute the number of wrappings    that 

guarantees the assumed wrapping standard and to 

evaluate its effectiveness. 

1. Compute    according to formula (4), where     

is given by (1). 

2. If    is integer, then take      ; the last 

‘overlap’ is equal to         . 

3. If         then take         (compare (14)). 

The last ‘overlap’    is given by the formula 

(15). 

4. Determine the indices   ,    and    using the 

formulas (18), (19) and (20), respectively. 

 

OPTIMIZATION 

 

In view of (19) the    index depends on the number 

of foil wrappings    according to:  

 

    
            

   
          

, (21) 

 

and including the formula (14) can be rewritten as: 

 

    
          

   
          

 
     

                 
 . (22) 

 

This formula indicates the dependence of the quality 

index    on both the mechanical parameters     and    of 

 

the foil, the overlap ratio   , the number of bale rotations 

   and the bale and foil size dimensions       and   .  

We assume that the overlap    and the number    of 

bale rotations around bale axis are adopted in such a way 

that the pre-assumed principal number of foil layers is 

guaranteed and that the parameters    ,    are given. 

Thus, only the bale dimensions   ,    and the width of 

the foil    are decision variables.  

 

OPTIMAL CHOICE OF FOIL WIDTH 

 

Assume the bale diameter    is given. The index    

(22) is piecewise increasing function of the width of foil 

   in the intervals determined by discontinuity points 

       such that: 

 

 
     

                     
  

     

                     
 , (23) 

 

i.e., the expression under ceiling function brackets in (23) 

is integer. In discontinuity points        the lower semi-

continuous function        is right–continuous; the 

notation        indicates the dependence of the function 

   given by (22) on the foil width   . The course of 

       index is illustrated in Fig. 5 for the exemplary 

bale silage considered in Examples 1 and 2; bale height 

          , the other parameters as in Example 2.  

 

Fig. 5. The foil consumption index        as a function 

of the width of unstretched foil     

On the basis of (22) in discontinuity points        we 

have: 

 

            
          

                          
. (24) 

 

Due to the right-continuity of        at discontinuity 

points,            given by (24) is the minimal value of 

   index with respect to   , see Fig. 5. Then, the solution 

of the problem of foil width design optimal in the sense of 

   index there exists and is not unique. Every        

defined by the equation (23) is global minimum of the 

function       . The optimal foil consumption 

           is given by the right hand side of (24) and is 

       independent. The last has been signalized in the 

previous paper [17], where the results of numerical 
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simulations are presented and discussed. Note, that for 

any optimal solution        the ratio    (4) is integer. It is 

not surprising, since for the previously analyzed case (i) 

of integer    no additional foil–consuming wrapping is 

needed. 

The optimal foil consumption is never achieved if (23) 

is not satisfied. Other than        foil width means a larger 

than the optimal            foil consumption. From (21), 

(15), (1), (4) and (24) it follows that: 

 

                             
          

     
. (25) 

 

Thus, the increase of foil expenditure is the greater, the 

greater is the surplus of the last ‘overlap’    higher than 

the assumed value      . The maximum growth of the 

foil consumption index is characterized by the following 

estimation of the relative error: 

 

 
                 

          
 

 

    
, (26) 

 

which can be derived using (22) and (14), where the ratio 

   (4) decreases with increasing foil width   . Thus the 

increase in foil consumption may accompany the foil 

width increase (cf. Fig. 5). The estimation (26) means that 

the bigger is the number of foil wrappings, the lower is 

the maximum growth of the foil consumption. This 

confirms the results of rough foil consumption analysis 

from [11] and [17]. In the exemplary bale silage 

considered here, the maximum value of the relative error 

defined by the left hand side of (26) changes from       

to       for    
 

 
 
 

 
 and from       to       for 

   
 

 
. Also Fig. 5 shows the described relations. Note 

also, that in the case when the exact solution        of (23) 

is practically unrealizable, the foil width should be 

rounded up to the least practically acceptable value.  

 

Fig. 6. The foil consumption index        as a function 

of bale diameter    for four values of the overlap   ; 

           .  

 
OPTIMAL DESIGN OF BALE DIMENSIONS 

 

The quality index    (22) is monotonically decreasing 

function of the bale height   . Simultaneously    (22) is 

lower semi-continuous function of the bale diameter   , 

which is decreasing function of    in the intervals 

determined by discontinuity points        such that the 

argument of ceiling function in (22) is integer, see Fig. 6. 

Thus    index cannot be directly applied to foil 

consumption optimization with respect to    and   . 

Additional constraints must be added. Here the bale 

volume will be fixed. 

The ceiling function makes the    index (22) hard to 

analyze. One standard method to simplify the analysis is 

to consider the lower estimation of the rational expression 

(function) in     brackets given by       rather than the 

exact expression. This approach leads to approximate 

value of foil consumption index:  

 

     
          

                          
, (27) 

 

which does not depend on the foil width   . Note, that the 

use of only approximate foil consumption index is 

congruent with the studies presented in [11].  

Let us consider the following optimization task. The 

bale volume        is given. Find geometrical 

parameters    and    of the bale guarantying the volume 

    such that the foil consumption index    takes 

minimal value. Thus    and    are such that: 

 

     
   

   

 
. (28) 

 

Whence:  

    
    

   
  (29) 

 

and the approximate foil consumption index     (27) for 

given fixed     denoted as           is a function of the 

bale diameter    described in view of (27) by: 

 

           
    

                         
   

  
    

   
 .(30) 

 

Index           is strictly convex function of   , thus the 

bale diameter     minimizing index           is uniquely 

defined by the stationary point condition. Since: 

 

 
          

   
 

    

                         
    

    

   
  , 

 

we immediately obtain: 

 

      
    

 

 
, (31) 

 

and hence the respective bale height is, in view of (29), 

given by: 

 

        
    

 

 
     . (32) 

 
Note, that the optimal bale dimensions do not depend on 

foil width as well as on its mechanical properties and the 

overlap ratio   . The equation (32) means that if the 

assumed bale volume     changes, both bale dimensions 

changes proportionally. The optimal index: 
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 (33) 

 

depends on the mechanical parameters of foil and on the 

overlap ratio   , but is    independ. Note however, that 

the bale diameter     (31) and high     (32) optimal in the 

sense of           index are, generally, only suboptimal 

solutions of the original foil consumption minimization 

problem. Denote by         the original non-continuous 

   (22) index for fixed bale volume    . On the basis of 

(22) and (29) we have: 

 

         
     

         

   
           

 
     

                 
 , (34) 

 
and let   

  be the optimal bale diameter minimizing 

directly         index. The following inequalities hold: 

 
                    

         
           .(35) 

 

Whence we have useful estimation of the suboptimal 

solution     error: 

 

                  
                       

. (36) 

 

Since in view of (15) and (4) the last ‘overlap’ for bale 

diameter     (31) is given by: 

 

           
      

         
  

      

         
           , 

 
taking into account (34), (1), (32) and (30) the right hand 

side of inequality (36) – upper error estimate – can be 

rewritten as: 

 

                              

 
  

       
  
                       

           .    (37) 

 
Thus, the greater is the surplus of the overlap     above 

     , the greater is the upper bound of the errors 

               
  . In the particular case of integer 

      

         
, from (36) and (37) it follows that: 

 

        
                      .  

 

In view of the uniqueness of minimum     and the 

relation: 

 

                  

 
between the indices, we conclude that     is the solution 

 

of the original (in the sense of         index) bale 

dimensions optimal design problem, i.e.,       
 . The 

course of the relative error:  

 

      
                   

          
      (38) 

 
as a function of    for the bale silage from Examples  

1 and 2 for three values of the overlap    is illustrated in 

Fig. 7, and as a function of the bale volume    , in Fig. 8.  

The next example examines the effectiveness of the 

suboptimal approach applied. 

Example 3. Let us consider again the bale silage from 

previous examples. Assume     

 
. The suboptimal bale 

dimensions computed according to (31) and (32), the 

optimal bale dimensions   
  and   

  and the respective 

values of the original         and approximate 

          indices as well as the suboptimal solution error:  

 

     
               

  

      
  

     (39) 

 
are summarized in Table 2 for a few values of the foil 

width    and bale volume    .  

 

Fig. 7. The relative error      (38) as a function of   ; 

           

 

 

Fig. 8. The relative error      (38) as a function of bale 

volume    ;             
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Table 2. The optimal   
 ,   

  and suboptimal    ,     bale silage parameters and the respective values of foil 

consumption indices        ,           and the errors     (39) for the overlap     

 
  

           ,             

                  
        

                 
          

                

               0,84893 1,7667 22,316 21,5405 3,599 

          ,             

0,86025        0,84893 1,7667 22,7714 21,5405 5,714 

           ,            

0,86025        0,81861 1,89999 22,7714 21,5889 5,477 

           ,            

1,08385 2,1677 1,09148 2,13749 17,21412 17,09459 0,699 

           ,              

1,16754 2,33509 1,18244 2,27662 16,0709 15,87099 1,259 

           ,            

1,24070 2,4814 1,27339 2,3556 15,3263 14,94296 2,565 

           ,              

1,30612 2,61224 1,27339 2,7482 14,8173 14,1939 4,392 

           ,            

1,36557 2,73114 1,36435 2,73599 14,4589 13,5673 6,572 

 

 

 Note finally, that the common practice of the bale 

having a bale diameter length, i.e.        , where in 

view of (28): 
 

           
    

 

 
, 

 

results in        deterioration of the value of 

approximate index       compared with            (33) 

knowing that: 

 

 
          

          
 

 

   
 . 

 

The above is a consequence, among others, of irrational 

multiple overlapping segments on the bale cylinder top 

and bottom, where there are 2–4 times more foil layers 

than on the bale lateral surface. For a detailed analysis 

and illustration of the adverse effect see [11; especially 

Fig. 4].  

 

FINAL REMARKS 

 

The mathematical model describing both the number 

of foil wrappings and foil consumption has been 

presented and analyzed. A special attention has been paid 

on the aspects of bale wrapping modelling that influence 

the foil consumption. The proposed model of foil 

consumption is useful to study and optimize the effect of 

foil width and bale dimensions as well as Poisson ratio 

and the overlap ratio. The mathematical formulas and 

advices are given concerning the optimal choice of foil 

and bale size dimensions. If the foil width can be chosen

 

 

freely from continuous set (interval), then not unique, in 

 a general, solution of foil consumption optimization task 

is given by formula (23). However, if the foil width must 

be chosen from discrete set, then the foil consumption 

optimization task is integer programming task which must 

be solved by applying special methods [5]. Also, exact 

solution of the bale dimensions optimal design problem 

needs specialized methods, which take into account the 

properties of ceiling and floor functions. The overlap ratio 

   related to the basic assumed number of foil layers will 

be considered as decision variable in a forthcoming paper 

concerning foil consumption optimization. Such a choice 

of the overlap ratio and the foil and bale dimensions that 

the uniform distribution of the foil layers on the bale 

lateral surface is achieved together with the minimal foil 

consumption is the next open direction of research. 

Note finally, that the    index (20) is from the 

optimization point of view equivalent to foil consumption 

per unit of the mass of forage index [11]: 

 

     
  

 
, 

 
where:   is bulk density of forage in      .  
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