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Abstract. This work aims to describe a method of experimental determination of a friction 
coefficient between oilseeds, especially sunflower seeds, and a rotor blade placed in an impact 
hulling machine. Firstly, the movement of sunflower seeds in rotor during hulling process 
is described by equation of motion. Secondly, by analysing this description and simple 
experimental measuring the coefficient of friction is determined. 

Introduction 

The hulling of oilseeds, especially sunflower seeds, is a necessary part of the oil pressing 
technology. The sunflower seed consists of a kernel where the oil is contained and a hull mostly 
composed of cellulose. It is advisable to remove hulls before pressing, even though few hulls 
retained might be still necessary for the proper function of the pressing process. For hulling 
seeds, there are mostly used the impact hulling machines. 

The impact hulling machine is based on cracking the hull by high-speed throwing of seeds 
against an obstacle. When the seed hits the obstacle, its hull cracks and separates from 
the kernel. The seeds are usually accelerated by a centrifugal force in a rotating rotor with blades 
and thrown against outer stator which can be smooth or specially shaped. 

The displacement of the seed inside the hulling machine consists of two phases. In the first 
phase, the seed is accelerated in the rotor. This displacement is mathematically described 
by equation of motion. In the second phase, the seed leaves the rotor and is thrown against 
the stator. The direction of trajectory of thrown seed is known thanks to mathematical 
description of the first phase. Experimental measuring of this direction leads in the end 
to determining of friction coefficient between the oil seed and the rotor blade. 

Determining an equation of motion 

The equation of motion is stated for the first phase of hulling. There can be considered two 
coordinate systems in the rotor. The global coordinate system ܻܺ is fixed to the frame 
of the machine. There is an additional local Cartesian coordinate system ݕݔ which is fixed 
to the rotor blade. The kinematic diagram of moving seed in the rotor can be though as a point 
slidably set on a rotating rod with constant angular velocity ߱. Absolute velocity of the seed ݒ 
can be broken into components ݒ௨ and ݒ. This is shown in Fig. 1 as well as the directions 
of acceleration vectors. Considered force diagram is shown in Fig. 2.  

 



 

 
Fig. 1: Kinematic diagram of the sunflower seed displacement in the rotor 

 

 
Fig. 2: Force diagram during displacement in the rotor 

 
According to the Newton’s second law of motion the equation Eq. (1) of motion is stated 

and expressed in local coordinate system [1] ݕݔ.  
 

ሷݔ   ሺ2߱ߤሻ ∙ ሶݔ െ ሺ߱ଶሻ ∙ ݔ ൌ െ݃ߤ							ݔሺ௧ୀሻ ൌ ,ݔ ሶሺ௧ୀሻݔ ൌ 0		 (1) 
 
It is a second-order differential nonhomogeneous equation with constant coefficients. 

Solving this equation analytically out gives a seed trajectory description in the rotor 
as a function of a time 

 
ሺ௧ሻݔ  ൌ ଵܥ ∙ ݁ఒభ∙௧  ଶܥ ∙ ݁ఒమ∙௧   ଷ (2)ܥ
 
where ߣଵ, ߣଶ, ܥଵ, ܥଶ and ܥଷ are constants containing an initial conditions, machine dimensions, 
friction coefficient and angular speed of the rotor. The trajectory of the seed in the rotor 
in global coordinate system ܻܺ is shown in Fig. 3. There is a tangent of angle β defined as ݒ௨ 
divided by ݒ which is generally dependent on time. For analyzing dependence of angle β௨௧ 
on angular speed ߱ and friction coefficient ߤ there is a need to solve Eq. (3)  
 
ଵܥ  ∙ ݁ఒభ∙௧  ଶܥ ∙ ݁ఒమ∙௧  ଷܥ െ ௨௧ݔ ൌ 0 (3) 
 
where ݔ௨௧ equals to ݔ coordinate of outer diameter of the rotor. Solving this equation 
numerically for certain friction coefficient and angular speed in MATLAB gives a ݐ௨௧ time 
of moment when the seed leaves the rotor blade [2]. Afterwards for the range of defined angular 
velocities and friction coefficients a Table 1 can be calculated. The region of interest 
for the speed of the rotor is between 1000 and 2000 rpm, for the friction coefficient 
it is between 0 and 1. 



 

 

 
Fig. 3: Trajectory of the seed displacement in the rotor during the hulling process 

 
Table 1: Dependence of angle β௨௧ on the rotor speed and friction coefficient 

coef. of 
friction  

[1] 

angle β௨௧  
1000 rpm 

[deg] 

angle β௨௧ 
1100 rpm 

[deg] 

angle β௨௧ 
1200 rpm 

[deg] 
… 

angle β௨௧ 
1900 rpm 

[deg] 

angle β௨௧ 
2000 rpm 

[deg] 
0.0 45.1793 45.1791 45.1790 … 45.1785 45.1784 

0.1 47.9794 47.9794 47.9793 … 47.9792 47.9792 

0.2 50.7328 50.7327 50.7327 … 50.7327 50.7327 

0.3 53.3932 53.3932 59.3932 … 59.3933 59.3933 

0.4 55.9225 55.9225 55.9224 … 55.9223 55.9223 

0.5 58.2923 58.2922 58.2922 … 58.2921 58.2921 

0.6 60.4859 60.4858 60.4858 … 60.4856 60.4856 

0.7 62.4977 62.4976 62.4975 … 62.4973 62.4973 

0.8 64.3307 64.3306 64.3305 … 64.3303 64.3303 

0.9 65.9942 65.9941 65.9940 … 65.9938 65.9938 

1.0 67.5006 67.5004 67.5003 … 67.5001 67.5001 
 

Determining the coefficient of friction 

According to the Table 1 it is obvious that for the region 1000 – 2000 rpm of speed of the rotor 
there are only small changes of angle β௨௧. Therefore it is acceptable to consider dependence 
of angle β௨௧ on angular speed omitted for this region of velocities of the rotor. Considering 
this assumption the angle β௨௧ is a function of only one variable, namely friction coefficient. 

Experimental measurement of angle β௨௧ then provides the friction coefficient between 
the sunflower seed and the rotor blade. The angle β௨௧ is measured during the second phase 
of hulling process when the seed is thrown against the stator. In this phase the seeds continue 
in a straight line until they reach any obstacle, in this case until they hit the stator construction. 
In the case of stator construction according to Fig. 4 and considering that seeds are throwing 
equally all around the stator circumference, the bounced seeds will leave a footprint 
on the stator blade in affected green zone. 

The angle β௨௧ can be measured by optical methods from stator blades considering the real 
stator and rotor construction dimensions. 

 



 

 
Fig. 4: Experimental determining of the friction coefficient by measuring the angle β௨௧   

 
There was done one testing measurement of a specimen of sunflower seed with a moisture 

content of 5%. The material of rotor blade was hardened steel. Measured angle β௨௧ was 59.5° 
what equals to friction coefficient of 0.55. This result is corresponding to range of expected 
values. The friction coefficient was measured by described method, however, there should be 
used another method in the next work to validate this result. 

Conclusion 

The description of displacement of the oilseed during the hulling process leads to stating 
a convenient method of determining friction coefficient between oilseed and rotor blade 
of hulling machine while. The advantage of this method is based on using directly industrial 
hulling machine for determining friction coefficient of certain specimen. In general, 
the coefficient of friction differs with a species of oil seed, but can also vary in many 
parameters, such a humidity or temperature of the specimen. 

The knowledge of friction characteristics helps to construction designers or machine 
operators in local adjustments of hulling machine to reach maximal hulling rate since 
the parameters of seeds to hull are varying. 
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