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Abstract: Since 1995, our department has been involved with the research and development of devices for
pressing (pelletin%) biomass and waste material. This article describes the current state of development in
the concept of spherical pelleting, and recent results of our research. The design of the machine is patent
protected. Tests of the first prototype resulted in shaft damage whose source was not clear. However, more
thorough analysis and testing resulted in determining the source. In order to reduce negative effects in the
PLG machine, special treatment of the shafts together with the Hooke’s joint is suggested. It is assumed that
such a drive solution will ensure enough torque to efficiently operate the machine and increase the energy
efficiency of the system.
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1. INTRODUCTION
The current version of the machine is designated as PLG 2010 which is a modular concept. Its
development has undergone computer simulations, geometric analysis by CAX systems, and
kinematic analysis. Throughout the development it has been shown that the main source of
damage was a result of a poorly designed Hook joint. The inconsistent operation of the Hooke’s
joint resulted in violation of other machine constraints which resulted in premature damage and
loss of performance (Figure 1).

.
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Figure 1: Important components of version 1 devices after long-term test operation

2. INNOVATION OF NEW CONSTRUCTION

The current version (PLG) can be constructed in various configurations. Each configuration is
constructed with the most suitable modules. One of these configurations includes the use of
Hooke’s joint. This is designed for the partial transfer of moment. However, moment is also
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transferred through other parts of the mechanism. The combined kardan suffers from a great
problem. Even though the input shaft rotates at constant velocity, the velocity of the output shaft is
varying (Figure 2) [5] which results in vibration and premature wear. Changing the input velocity
depends on the configuration of the joint used. Thus, the motion equation at two different angles is
given in relation 1. In our configuration, the angle of the Hooke’s joint is ,,3 = 25°“. The amplitude
of the angular deviation is based on relation 1 [5]. Maximum deviation as the input shaft moves
from 0-180° is +-2,81°. This angle results in a relative shift of the pressing device by 4.8mm. This
shift was calculated at a working diameter 98mm. (Figure 4)

Output shaft angle relative to input shaft angle

360
330
= 15° shaft angle
300 ——30° shaft angle
270 —45° shaft angle
™ —60° shaft angle
?240
210
=
]
£180 y
S150
-1
3 120
‘Y 90
2

0 30 60 90 120 150 180 210 240 270 300 330 360
Yl Input shaft angle (1 complete rotation)

»N
o

Qutput shaft speed (input=1)

2
o

0

Output shaft speed relative to input shaft speed =1

= 15° shaft angle
= 30° shaft angle

—45° shaft angle
—60° shaft angle

/\

/

AN AN y
T e

0

30

60 90 120 150 180 210 240 270 300 330 360
Yl Input shaft angle (1 complete rotation)

Figure 4: Proportional range displacement during operation, necessary adjustment shaft on left

Figure 2: Graphical representation of the physical properties of Hooke's joint [5]
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tan yi= cosf3 sin y2 (1)
tanvy, )

where: y1- The angle of rotation for axle 1, y2- The angle of rotation for axle 2, 3 - The bend angle
of the joint, or angle of the axles with respect to each other, with zero being parallel or straight
through.
The angles y1 and y2 in a rotating joint will be functions of time. Differentiating the equation of
motion with respect to time and using the equation of motion itself to eliminate a variable yields
the relationship between the angular velocities (relation 2) [5].
dy, dy, o, cosp
TS and @, = a wzl—sinzﬁcoszyl @

w1 - angular velocities for axle 1, w2 - angular velocities for axle 2

= -1
V2= tan (COS 8

As shown in the plots, the angular velocities are not linearly related, but rather are periodic with a
period twice that of the rotating shafts. The angular velocity equation can again be differentiated to
get the relation between the angular accelerations a: and a: (relation 3) [5].
a, cosp ®,” cosBsin’ Bsin 2y,

©)

a =
* 1-sin’Bcos’y,  (1-sin’Bcos’y,)’

where: a1 - angular accelerations for axle 1, a2 - angular accelerations for axle 2

In operation, the pressing chamber has relatively compact material, which under ideal conditions,

creates a rigid constraint between the tools. This rigid constraint results in a ratio of 1:1, but the

ratio of the Hooke’s joint changes. Thus the ratio differs to the one in the Hooke’s joint, which

results in undesirable loading. In extreme cases, collisions in the tool occur which plastically

deforms the material. If the material in the chamber is relatively plastic, then collision of the

machines tools will not result. If the material in the chamber is compactable and relatively strong,

damage to the machine can result. The shafts can twist, bend or even break. The effects of this

damage can be seen in ,Figure 1 “. The secondary issue as a result of this problem is the loss in

performance, since the shift between the tools operates inconsistently and inefficiently. In some

cases, such an effect can be considered a good thing, for example, the need to partially mix the

pressed material to homogenize its plasticization. An example and graphic representation of this

effect can be seen in (Figure 2).

CONCLUSION

In order to reduce negative effects in the PLG machine, special treatment of the shafts together

with the Hooke’s joint is suggested (Figure 4). It is assumed that such a drive solution will ensure

enough torque to efficiently operate the machine and increase the energy efficiency of the system.
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