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Abstract 
The metering shaft of the drilling machine is driven from the impeller. The standard traditional gear-
box, the Norton gearbox, provides a constant rotating motion between the impeller and the metering 
shaft. Manufacturers have started to replace this gearbox with an intermittent rotating movement. 
Using the stepless variable speed gearbox, the speed of the metering shaft and thus the seed rate is set 
steplessly. The aim of the thesis is the mathematical modeling of the intermittent rotating motion of 
the seed drill of a particular drilling machine, and the creation of a striping model. 

Keywords: intermittent rotating movement, oscillating swing arm cam mechanism, continuous 
seed drill drive. 

  

 
 

1. Introduction 
The seed drill places the seed into the 

ground in parallel rows and at different 
distances within a row, as discussed in the 
literature [2].  

In the general construction of the drill 
there are the following: grain box, seeder 
system, seed tube, coulter, seeds covering 
harrow, row markers, wheels and driver, as 
written [2].  

The seeder system performs the dosage 
and letting out of the seeds. The seeder 
systems are installed on a mutual shaft, the 
drill shaft. The drive of the drill shaft is 

provided by the land wheel. The drive of 
the drill shaft can be:  
− Continuous, rotational motion: with 
change gears, drive gear, chain drive, Nor-
ton-type gearbox;  
− Intermittent, rotational motion: with cam-
rocker mechanism, as written [4, 5]. 

The traditional speed-gear of earlier 
drills is the Norton-type gearbox. This drive 
can achieve 72 speed grades, its functioning 
is safe, but it is of large size, and weight. 
Due to the gear wheels it is very expensive 
and it gathers dust, it corrodes, as written 
[8]. 

The ultimate aim is the adjustment of 
seed dosage within wide limits, providing 
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more grades for letting out seeds. Well-
known international crop duster manufac-
turers began to equip their drills with a 
cam-rocker speed-gears. This is a speed-
gear functioning in a closed space, con-
cealed from view in an oil-bath, Figure 1. 

The following items can be found in the 
construction of the cam-rocker speed-gear: 
1 power shaft; 2 driven, propelled shaft 
which is also the drill shaft and there is a 
one-way clutch and a feeding mechanism 
symbolically visualized; 3 rocker arm; 4 
rocker; 5 cam; 6 roller; 7 supporting arch; 8 
arresting lever for turning the supporting 
arch; 9 pre-stressed spring which supports 
the rocker on the arch.  

 
Figure 1. The construction of cam-rocker speed-

gear 

In spite of its small size it is capable of 
selecting 100 or more speeds. Its function-
ing is smooth, the adjustment of the seed 
quantity is fast, continuously variable and it 
offers the possibility for automatization, as 
written [5, 6, 9]. 

In the present paper we study the inter-
mittent rotational motion of the drill shaft 
drive. The method is analytical, it analyses 
an already existing structure, as written [1, 
10]. The problem can be also solved by 
synthetic geometry since the structure of the 
mechanism, either equipped with cam gear 
or with excenters, is well determined math-
ematically 

 
In our study we plan an assembly model 

on the basis of defining and studying the 
equation of motion. The assembly model 
helps visualization of the effects of adjust-
ing the seed quantity of the drill shaft. 

1.1. The construction of speed-gear 
implementing intermittent rota-
tional motion 

The studied metering shaft for seed drill 
provides an intermittent rotary motion by 
using a rocking arm excenter mechanism. 

 
Figure 2. The kinematic sketch of the rocker arm mechanism 
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The kinematic sketch is shown on Fig-
ure 2 and consists of: A-power shaft, B-
propelled shaft, BC-rocker arm, DC-rocker, 
E-excenter, D-roller, O’-supporting arch. 

The supporting arch provides the sup-
port for the power shaft to be rotated by a β 
angle. 

1.2. The operation of the speed-gear 
implementing intermittent rota-
tional motion 

The impeller provides the continuous 
rotary motion to the power shaft, A, of the 
speed-gear implementing intermittent rota-
tional motion. The excentre keeps the rock-
er DC rocking that moves the rocker arm, 
and through a one-way clutch the intermit-
tent rotary motion is transmitted to the 
metering shaft. The output shaft is the driv-
en shaft which is also the metering shaft. 
The rocker is supported by an arch with 
spring, but it is not shown on the kinematic 
figure. 

The propelled shaft maximum rotating 
angle influences the speed of the metering 
shaft, thus indirectly influencing the num-
ber of distributed seeds. The rocking mo-
tion can be influenced by the rotation of the 
supporting arch, which influences the active 
length of the rocker. The position change of 
the supporting arch is achieved by an arm 
and measured on a scale. Thus, the scale 
alongside with a table provided by the 
manufacturer indicates the amount of seed 
distributed. 

2. Mathematical modeling of the 
speed-gear implementing in-
termittent rotational motion 
The main objective is to determine a 

formula for angle β as a function of θ angle, 
Figure 2. 

We studied the mechanism with a geo-
metric method, by determining the positions 
of points D, C and E, as written [7].  

The geometrical location of point D is 
expressed by formula (1): 

(𝑥𝐷 − 𝑥𝑂′𝛼 )2 + �𝑦𝐷 − 𝑦𝑂′
𝛼 �2 = (𝑅 − 𝑟)2,  

            (1) 

where: R is the radius of the supporting 
arch, r is the radius of the roller, D is the 
center point of the roller, O’ is the center 
point of the supporting arch. 

The geometrical location of point C: 

(𝑥𝐶 − 𝑥𝐵)2 + (𝑦𝐶 − 𝑦𝐵)2 = 𝑙2,               (2) 

where: l is the length of the rocker arm. 
The geometric location of point E: 

(𝑥𝐸 − 𝑥𝐴 − 𝑒 𝑐𝑐𝑐 𝜃)2 + (𝑦𝐸 − 𝑦𝐴 −

𝑒 𝑐𝑠𝑠 𝜃)2 = 𝑟𝐴2,                                         (3) 

where: A is the center point of the power 
shaft, E is the contacting point of the excen-
tre and the rocker, rA is the center point of 
the excentre, e is the excentricity, θ angle 
describes the momentary position of the 
power shaft. 

Formula (4) is produced by the colline-
arity of points C, D and E: 

(𝑥𝐶 − 𝑥𝐷)(𝑦𝐸 − 𝑦𝐷) − (𝑦𝐶 − 𝑦𝐷)(𝑥𝐸 −

𝑥𝐷) = 0                                                    (4) 

The distance between points C and D is 
constant, and symbolized by L: 

(𝑥𝐶 − 𝑥𝐷)2 + (𝑦𝐶 − 𝑦𝐷)2 = 𝐿2.              (5) 

Sections DC and EA are perpendicular, 
thus: 

(𝑦𝐷 − 𝑦𝐶)(𝑦𝐸 − 𝑦𝐴) − (𝑥𝐷 − 𝑥𝐶)(𝑥𝐸 −

𝑥𝐴) = 0 .                                 (6) 

The mathematical model produces the 
position of the metering shaft.  

Figure 3 shows the driven components 
position as a function of time, based on the 
mathematical model. 
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Figure 3. The rocker arm position 

The ascending part of the plot allows 
the rotation of the metering shaft, whereas a 
one-way clutch does not allow the transmis-
sion of the movement to the metering shaft 
on the descending part of the plot. 

The velocity of the rocker arm is deter-
mined by geometric method also, with 
graphical derivation, Figure 4. 

 
Figure 4. Velocity of the rocker arm 

In the case of positive velocity values of the 
rocker arm, as shown in Figure 4, the 
eccentric shaft 2 executes a rotating motion. 
For the negative velocity values, the 
eccentric shaft remains stationary.  

Studying the plot reveals that the veloci-
ty of the metering shaft is not constant and 
a shock effect appears on the beginning of 
the rotation.  

In order to provide a constant rotation of 
the metering shaft, manufacturers apply 
multiple rocker arms. Figure 5 shows the 
results on the position and velocity of the 
metering shaft when 3 rocker arms were 

coupled in series, with a phase shift in ex-
centricity. 

 
Figure 5. Position and velocity of three rocker 

arms coupled in series 

The sum of the velocity of the rocker 
arms shows a velocity increase in the be-
ginning of the rotation, whereas the velocity 
becomes constant as all the rocker arms 
start their movement. The constant speed of 
the metering shaft has a beneficial effect on 
the seeds’ distribution. 

3.  Assembly model of the speed-
gear implementing intermittent 
rotational motion 
Figure 6 shows the assembly model 

based on the movement equations. 
The assembly model is based on the di-

mensions of the Bomet m 2,7x21 speed-
gear. The operation of the excentric rocker 
arm gearbox is the following: the power 
shaft, 1, transmits the motion through the 
excentre, 2, to the rocker, 3. 
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Figure 6. The assembly model 

The rocker moves the rocker arm, 5, 
through which a one directional intermittent 
rotary motion is produced with the help of a 
one-way clutch on the driven, metering 
shaft, 4. The other side of the rocker is 
supported by the arch, 8, through the roller, 
6. The supporting arch can be moved by an 
arm, 8, influencing the position of the rock-
er, thus the rotating angle of the rocker arm, 
thus the speed of the metering shaft. The 
seed amount that gets distributed is influ-
enced by the position of the 8 arm.  

The constrain that connects the support-
ing arch and the roller acts as an arc assur-
ing continuous contact between them.   

The speed of the metering shaft is influ-
enced by the kinematic parameters of the 
mechanism, the excentricity, the active 
length of the rocker and the position of the 
supporting arch. 

4. Conclusions 
The cam rocker speed-gears simplify the 

construction and operation of the engine, 
and reduce the preliminary cost.  The ad-
justments can be made very easily, in a 
continuously variable way, following the 
scale and the chart. This is the reason why 
they are more often built in the drill. 

With the help of the created mathemati-
cal models, the effect of the parameters on 
the speed of the drill shaft can be studied. 

The mathematical models are suitable for 
comparison and realization of new solu-
tions. 

Manufacturers place more cams on the 
power shaft in order to make the intermit-
tent rotational motion smoother. The im-
plemented mathematical models are suita-
ble for studying the effect of several ex-
centers in order to find the optimal func-
tioning of the seed drill shaft. 

It would be worth studying the possibil-
ity that the rotation of the drill shaft and the 
rocking arm is in the constant speed range. 

The implemented model illustrates the 
motion of the drill shaft speed gear with 
rocking arm. It simplifies understanding of 
the mechanism of the drill shaft speed gear. 
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