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Abstract. Organic fertilization involves working with machines by a
special construction, suitable for the material to be spread, machines that
have, in most cases, chain conveyors with scrapers attached to the chains.
In some cases, the conveyor chain may break, due to the jams, and the
need for manual unloading of the bunker (bucket) appears, which requires
a great physical effort, the unloading being made by the operator, using a
shovel. The construction of the platform using mobile, articulated elements
would greatly facilitate the unloading at the bottom of the bunker and
would eliminate the physical effort of the operator. This article presents the
structural, kinematic and kinetostatic analysis of a mechanism designed for
actuating a mobile platform, which is part of a manure spreader, composed
of articulated elements driven by hydraulic cylinders.

For the kinematic analysis of the mobile element platform’s
mechanism, calculation procedures written in the Matlab syntax are used.

After the kinematic analysis of the mechanism, the kinetostatic
analysis is performed, i.e. the determination of the reactions from the
kinematic couplings, as well as the hydraulic force from the hydraulic
cylinder. The results can be used for dimensional verification of the
mechanism components, thus contributing to the optimization of the
mechanism.

1 Introduction

The technological trailers that carry out the transport and distribution of bulk fertilizers
(chemical fertilizers, compost etc.) have a special construction.

Over time, there have been many researches that aimed to improve the construction in
order to improve the quality of the work, or for the ease of carrying out the work or the
machine maintenance. [1-6].

The technological trailers, have usually a monocoque construction, and can perform
only the rear discharge. Most of the time, the material is distributed with the help of a
spreading device with different construction, but usually, the material is transported inside
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the trailer, to the spreading device, with the help of a conveyor with scrapers arranged on
the chain.

The drag chain is on the bottom of the bin to pull the load of manure to the rear where it
is shredded by a pair of beaters and spread on the ground. But there are many situations
when the chain is broken, because of the manure which contains different objects like
wires, stones and in this case, it is difficult to discharge the machine using un unloading
equipment like a front loader mounted on the tractor or manually, using shovels.

To offer to the operator the possibility to discharge the machine when the chains are
broken, this article studies the possibility to design a bin with many platforms, jointed and
driven by a motor group (motor dyad), by means of parallelogram mechanisms.

This idea was transposed into a patent application submitted to the Romanian State
Office for Inventions and Trademarks-OSIM. [7].

Fig. 1. Manure spreading machine with joint elements [7]
a) left side perspective view; b) detail in the horizontal position; ¢) open platform

The construction relates to a platform with articulated movable elements, which is part
of the trailer bin A, in order to improve the process of unloading the material in case of
damage.

The platform consists of a number of movable elements 1, joint, the system 2 of bars
that connects the movable elements and which ensures their inclination, the hydraulic
cylinders 3, the lateral guides 4 which ensure the steering of the movable elements and the
limitation of the maximum angle of inclination of the elements movable during the process
of unloading material B remaining in the trailer.

In this article we study the mechanism characteristics, to obtain information for
development of this idea and to apply it in the real design and manufacturing. In this paper,
structural, kinematic and kinetostatic analysis of the mechanism acting the mobile
platforms is performed. The determination of the reactions of the kinematic couplings is
necessary for the dimensioning calculation. For the actuation of the entire mechanism, the
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size of the hydraulic cylinder motor force must be determined, which is made using the
kinetostatic method and the virtual powers method.

2 Material and method

Figure 2 shows the kinematic diagram of the mechanism designed for acting the jointed
movable elements, which are part of the platform.
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Fig. 2. Kinematic scheme of the mobile platforms driving mechanism

In order to determine the kinematic parameters of the mechanism’s elements, it is
necessary to know the structural groups in its composition, which means, the structural
analysis of the lifting and folding mechanism of the platform jointed elements must be
performed.

For the structural, kinematic and kinetostatic analysis of the mechanism, the kinematic
diagram of the mechanism is known, also the dimensions of the kinematic elements and the
positions of the couplings adjacent to the base, the initial position of the mechanism, the
kinematic parameters in the C-motor coupling, the masses and the mechanical moments of
inertia of the elements, as well as the technological forces on each individual platform.

3 Results
3.1 Structural analysis of the mechanism

The structural analysis of the mechanism consists in establishing kinematic couplings,
determining the mobile elements, establishing the degree of mobility, drawing up the
structural scheme, establishing the structural structures of the mechanism, constructing the
multipolar scheme and establishing the structural relationship [10-15].

Fig. 3. Structural scheme of the mechanism

Observing the relative movements between the elements of the mechanism, (Figure 3),
it is found that it has the following inferior couplings: A(0R1), B1,(1R2), C(273), D(3R0),
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B5(1RS), E(4R0), F(4RS), F(4RT), G(6R0), H(6RT), H(6R9), K(8R0), L(8R9), L(8RI1I),
M(10R0), N(10R11), N(10R13), P(12R0) and P(12R13). The number of superior couplings
is zero. The mobile elements of the mechanism are: 1(4, By Bia), 2(B12, C), 3(C, D), 4(E,
Fys5), 5(Bys, Fys), 6(G, Hsz), T(Fy7, Hez), 8(K, Lgo), YHgo, Lsg), 10(M, Nyg 1), 11(Lso, Nyo11),
12(P,R) and 13(310’13’R).

Taking into account the number of moving elements and the number of kinematic
couplings, the degree of mobility of the mechanism results [10-15], namely M = 1, meaning
that only one independent parameter is required for the elements of the mechanism to have
unique determined movements. Figure 3 shows the structural diagram of the mechanism.

Figure 4 presents the multipolar scheme and its structural relationship.

P
RRR
M
R ], |12
K aoany Mo o R
G RRR Lgy oN
RRR Hﬁq (8’9) 10 11
zo) | £ (6,7) oLy
RRR | . T
4 45) fod ©H@
°~] RRTaR Bys o F a)
(1,2,3) [° ] s
D o C
o o By,

Z(0)+ RRTaR (1,2,3)+ RRR (4,5)+ RRR (4,5)+ RRR (6,7)+

+ RRR (8,9)+ RRR (10,11) + RRR (12,13) b)

Fig. 4. Multipolar scheme of the mechanism and structural relationship

3.2 Kinematic analysis of the mechanism

Figures 2, 3 and 4 show that the mechanism consists of the base Z(0) and the motor
dyad RRTaR(1,2,3) and five passive dyads of aspect 1 (RRR dyads).

Figure 5 shows the kinematic diagram of the mechanism, highlighting the kinematic
parameters of position.

Fig. 5. The kinematic scheme of the mechanism, highlighting the position of parameters

For the kinematic analysis of the mechanism, calculation procedures written by the
authors in the Matlab syntax are used. Figures 6 and 7 show diagrams of variation of
angular velocities and accelerations of the motor dyad elements.
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Note: i represents the calculation position at a given time. The distance between two calculation positions (on
the x-axis) is an increment. This is equal to the stroke of the piston / (n-1), where n is the number of calculation
positions (the starting position is also considered).

3.3 Kinetostatic analysis of the mechanism

Kinetostatic analysis of the mechanism is done in the opposite direction of the
kinematic analysis, that is, starting with the RRR (12,13) dyad and ending with the RRTaR
(1,2,3,) motor group.

For the kinetostatic analysis, the technological forces, the forces of inertia and the
forces of weight of the elements are taken into account.

Figures 8-13 show the diagrams of the forces and moments that act on the component
elements of the dyads and the kinetostatic diagrams.

Table 1
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Fig. 9. RRR (10, 11) dyad




E3S Web of Conferences 180, 03009 (2020)
TE-RE-RD 2020

https://doi.org/10.1051/e3sconf/202018003009

Highlighting the forces and
moments acting on the dyads’ elements

Dyads Kkinetostatic diagrams

H
o,
F
o
3 For Fiax “r @ HFn
a) b
Fig. 11. RRR (6, 7) dyad
B
O

R (4, 5) dyad

Rory Fy

b)

Fig. 13. RRTuR (1,2,3) motor dyad

Figures 14, 15, 16 and 17 show the hodographs of the reaction forces of the kinematic
couplings 4, B, D and E, and in figure 18 the diagram of the motor force variation in the

hydraulic cylinder is presented.
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Fig. 18. Chart driving force in the coupling C

Table 2 presents the values of the driving force in the hydraulic cylinder, for a cycle
of operation, values calculated by the kinetostatic method (FE_CINET) as well as by the
virtual powers method (FE_PVIR).

Table 2
pos FE CINET FE PVIR
0 49328.67 49328.67
1 41576.80 41576.94
2 34739.41 34739.41
3 28648.28 28648.28
4 23199.73 23199.73
5 1832545 18325.45
6 13978.50 13978.50
7 10126.10 10126.10
8 6745.94 6745.94
9 3824.86 3824.86
10 1359.63 1359.63
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Analysing the data in table 2, it is observed that the same values were obtained by two
methods of calculation, which means that all the calculations were correct and the data
obtained can be used to dimension the mechanism that acts the platform with articulated
movable elements.

4. Conclusions

The structural and kinematic analysis of the mechanism provided useful information
about the functionality of the system, showing its correct functioning, if it has the degrees
of freedom required for a movement without blockages and dysfunctions, the conclusion
being that the mechanism was well designed in terms of structure.

The kinetostatic analysis made by the simulation enables in the future an optimal
dimensioning of the elements that form the mechanism of the platform with multiple
articulated mobile elements. An over dimensioning of the system can increase the price of
the machine or, a subdimension causes damages of the system, and unwanted unloading of
the material transported. The kinematic analysis realized in this paper is necessary for the
dynamic analysis, which will be performed in the following research.

This work was supported by a grant of the Romanian Ministry of Education and Research,
through Programme 1 — Development of the National Research-Development System, subprogramme
1.2 — Institutional performance — Projects for financing excellence in RDI, contract no. 16PFE.
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