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STUDIES REGARDING THE OPTIMIZATION OF THE MILLING MACHINES
WORKING PROCESS
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Abstract: There are two important requirements that should be respected in order to get quality from
the milling machines: soil crushing without its pulverization, and a flat bottom of the bed (the crests’ height
should be less than 10 % from the working depth). In this respect, a great influence has the optimum
selection of the milling machine functional parameters and the correct dimensioning of its rotor. Establishing
the functional parameters also means to determine the relationship between the soil chip thickness (s)
disrupted by a knife and the kinematical index of the machine (λ). In this paper it is determined this
relationship and also the height of the crests (h), measured from the bottom of the bed.
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INTRODUCTION
Agricultural milling machines are more and more used to completely process the soil.
They could be part of some complex machine systems or they can be independently used.
According to some authors, their persistent utilization on the same areas can lead to
soil texture destruction. Therefore, a deeper study of the working process of the milling
machines is necessary to be made. On the same time, the influence of the machine’s
kinematical parameters over the quality of the resultant work should be established.
In order to establish the optimal functional parameters of the milling machines also
involves calculus of the relation between the soil chip thickness (s) dislocated by the knife
and the kinematical index (λ) of the machine.
Coming into the help of the design engineers, this paper presents the calculus of the
correlation between λ and s, and also the height of the crests (h), measured from the
bottom of the bed.
SOIL CHIP THICKNESS CALCULUS
The thickness s of the soil chip dislocated by the knife is heavily influenced by the
milling machine’s kinematical index λ. A smaller value of the kinematical index λ means a
bigger value of the thickness s.
The problem to be resolved rests in finding the relation between the soil chip
thickness s at the surface of the soil and the kinematical parameters of the milling
machine.
If ∆t is the time interval corresponding to the penetration of the soil by two successive
knives, according to figure1 the relation for s is:
∆ϕ 2πvm
=
s = vm ∆t = vm
(1)
ω
z ⋅ω
where ∆ϕ the angle between two knives from the same plane and z is is the number
of the knives.
If both the denominator and numerator in relation (1) are multiplied by R, the
following relation is obtained:
2πvm R 2πR
s=
=
(2)
zωR
zλ
This relation shows that s is in inverse ratio to the kinematical index λ. So, for a given
diameter of the milling machine rotor, the thickness can be influenced both by the value of
λ and by the number of knives from the same plane (z).
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Fig. 1 – The parameters of the milling machine working process
Relation (2) can be transformed as follows:
 s 2π
 R = zλ

(3)
λ = 2π

s
z


R
where equation (3) gives the relation between the kinematic index and s/R ratio.
In figure 2, H is the intersection point betwwen two cycloids described by points
belonging to the cutting edges of two consecutive knives from the same part of a disk [1].
The parametric ecuations describing one of this points’ trajectory are:

x = vm t + R cos ϕ

(4)

y = R sin ϕ

where ϕ is the angle between the radius corresponding to the point and Ox axes.
When O≡Oπ/2 the radius is vertical, and when O≡OH the radius is backwards inclined
with an angle ϕH > π/2.
The position of the rotor’s center corresponding to the angle ϕ = π was denoted with
2

Oπ 2 . Also, Oh is the position of the rotor’s centre when the radius makes an angle

ϕ H corresponding to the point of intersection H between the two cycloids. In this case:
x H = xπ

2

−

s
2

(5)

However:

xπ

2

= v m tπ

2

+ R cos

π
2

= vm

π πR
=
2ω 2λ

(6)

Finally:

xH =

πR πR
−
2 λ zλ

(7)
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From figure 2: sin ϕ H =

R−h
, which leads to:
R

ϕ H = kπ + (− 1)k arcsin

R−h
R

(8)

Fig. 2 – The relation between h, z and λ
However, there is another way to express xH:
or
x H = vm t + R cos ϕ H ,

x H = vm

Rϕ H
ϕH
+ R cos ϕ H =
+ R cos ϕ H
ω
λ

(9)

From the equations (7) and (8) the kinematical index λ is calculated:

π
λ= 2

−

π
z

− arcsin

R−h
R

 R−h
1−

 R 
Relation (10) shows the relation
between the milling machine kinematical
index and the ratio h/R, being well known
that the soil crests height h measured from
the bottom of the bed should not exceed
10% from the maximum working depth.
The two relations expressing the
relation between the kinematical index and
the ration s/R, respectively h/R, could be
represented in a chart, as in figure 3.
Following, a MathCAD program for
chart data is presented. Microcal Origin
program was used to represent the chart
based on the results from MathCAD.

2

Fig. 3 – Variation of λ with h/R and s/R

(10)
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MathCAD program (calculus of the kinematical index λ in relation with h/R)

Calculus of the kinematical index λ in relation with s/R
(results from the previous section of the program are used to form the matrices
below)
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Fig. 4 – Variation of λ in relation with h/R and s/R (machine speed: v=4.8 km/h)
CONCLUSIONS
There are two important requirements that should be respected in order to get quality
from the working process of the milling machine: soil crushing without its pulverization, and
a flat bottom of the bed (the crests’ height should be less than 10% reported to the working
depth). In this respect, a great influence has the optimum selection of the milling machine
functional parameters and the correct dimensioning of its rotor.
The chart presented in this paper puts-out the repetitive work of engineers and
makes possible to choose the optimum working regime (λ) in correlation with the agro
technical demands and the rotor’s constructive parameters (s/R and h/R).
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