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ABSTRACT

In this study, it was aimed to determine the optimum design for bale wrapping machine rotary arm. Determination of the
force has been ensured by determining of the hydraulic motor outlet pressure acting the bale wrapping arm and verifying these
values with the help of mathematical equations. It was targeted to decrease the displacement and stress values via the changing
of bale wrapping arm pipe thickness (6,5,4,3 and 2 mm) that does not restrict the machine's mobility. Static constructional anal-
yses of different arm designs have been conducted with Ansys Workbench simulation program. Maximum displacement values
were determined as 2.2677, 2.9035, 3.9552, 6.0299 and 11.636 mm with 6,5,4,3 and 2 mm pipe thickness respectively. Maxi-
mum stress values were obtained as 20.196, 26.651, 36.453, 55.491 and 98.806 MPa with 6,5,4,3 and 2 mm pipe thickness re-
spectively. It can be suggested that 3mm pipe thickness could be safely used for rotating arms. It was seen that maximum stress
and displacement values decreased with the increase of pipe thickness.
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1. Introduction

Livestock has a significant importance over the development of
agriculture sector and it changes according to the increment on
usage ability of the technology of the small business in parallel.
Furthermore, small business channel into silo feeds, which are
cheap and qualified, provides more economical production oppor-
tunities [1].

The water and nutrition content on qualified food is important.
For that reason, the silage is the leading of coarse fodder. Silage
meets the feed needs of ruminants such as cattle, sheep and goats. It
is obtained as a result of fermentation with the effect of lactic acid
bacteria by leaving the high moisture feeds stored in the silos in the
oxygen-free environment [2]. It is the only succulent and economi-
cal coarse fodder which can be provided while in winter time [3].
One of the main factors of production of qualified feed is the usage
of technology. Harvest is the leading of the stages that is used tech-
nology on the production of coarse fodder. Baling which is used
while harvesting is a process providing storage of the stalks and
forage crops in lowest stage and shortest time without any defect

[4].
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Silage production is important in our country because the mead-
ow fields are limited, the grazing season is limited and the need for
roughage in the winter months is an important problem. If the
coarse fodder is succulent in winter time, the productivity of the
animals is kept along whole year. In the seasons which have abun-
dant of succulent feeds, silage is obtained by ensiling the surplus of
grass along with the pulse, gramine, forage crops and leftovers of
industrial crops.

Silage provides the animals to be feed in well and economical
when no succulent feeds are not in winter seasons. It reduces the
cost of storage and storing problems. 15 tons of green crops can be
stored in place of 2 tons of dry crops. The crops for silage can be
harvested in short time and provides suitable time for the next cul-
tivation.

With the drying of the green crops, leafery and stalks go down.
Since the stalks have been dried, they are not eaten by the animals
willingly. But in ensiling, no lose on the food value of the feeds and
they are eaten eagerly. The crop which will be converted to silage
need to be harvested in the time when the quality of the crop and its
ensiling ability is maximum. During harvesting, need to be cared
that stone, soil, wire etc. will not mix in the crop. The humidity of
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the plant is very important. The lower or higher humidity in the
plant may reduce the quality of the silage and cause decomposition.
If no water comes out when the crop is crushed but humidity is felt
in the hand, it means that humidity rate is among 60-67%, so the
fodder can safely be ensiled [5-6].

Although the performance of silage wrapping has been compre-
hensively studied by some scientists [7-9], studies on parameter
optimization for a cylindrical bale wrapping machine are so rare. In
order to support the development on silage technology of the bales
made by grass, clover, corn etc., a drum type cylindrical bale wrap-
ping machine based on wrapping silage with stretch film (the drum
drives the stretch film to rotate around the round bale, while the
carrier rollers move the round bale to rotate) can be designed and
arranged according to round bales of different characteristics.

In this study, with the theoretical analysis and experimental
study on the wrapping arm of the bale wrapping machine, the
round bale wrapper of grass, clover, corn etc., static structural anal-
ysis has been carried out on the arm by considering the maximum
torque and pressure values which will be applied by the hydromo-
tor. The arm of the bale wrapper is mounted with a flanged and
bolted connection to the part where the hydromotor moves, Opti-
mum arm design is aimed by examining the tensile and displace-
ment of the pipe.

2. Material and Method

The rotational movement required for the arms of the bale wrap-
ping machine is provided with the help of a fixed displacement
hydromotor. The technical specifications of the hydromotor are
given in Table 1.

Table 1. The technical specifications of the hydromotor

Displacement (cm?) 158.7
Nominal pressure (bar) 140
Maximum pressure (bar) 210
Maximum torque (Nm) 307
Maximum speed (rpm) 380

The schematic representation of the arm system of the bale
wrapping machine is shown in Figure 1.

Hydromotor
r T
F
Stretch Wrap
Force

Figure 1. The schematic representation of the arm system of the bale
wrapping machine

In the study, static structural analysis was carried out on the arm,
taking into account the maximum torque and pressure values to be
applied by the hydromotor. The arm of the bale wrapping machine
is mounted to the part where the hydromotor moves, with flange
and bolted connection. In this study, it is aimed to design the opti-
mum arm by examining the tension and displacement of the pipe.
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Figure 2 shows the rotating arm of the bale wrapping machine.
Figure 3 shows the position of the hydromotor and the rotating
wrapping arms.

Figure 2. Rotating arm of the bale wrapping machine

Rotating arms

Stretch wrap

Hydromotor

Figure. 3. Position of the hydromotor and the rotating wrapping arms

The Eq.(1) is used to calculate the torque value produced by the
hydromotor. In Eq.(1), V denotes engine displacement (cm?), 7,
denotes hydromechanical efficiency, and AP (bar) denotes pres-
sure difference.

_ APV,

® T 20m @)

Calculation of power (kW) is performed by Eq.(2). Q in the
equation gives the flow rate (I/min), 7 gives the total efficiency.

_APQ
® 600m,,

@

The determination of the system flow rate is done with the help
of Eq.(3). Heren, represents the volumetric efficiency and n rep-
resents the hydromotor speed.
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The force acting on the vertical of the bale wrapping arm is de-
termined by dividing the maximum torque the hydromotor is ex-
posed to by the arm length. The calculation of this force value is
provided by Eq.(4).Centrifugal force of the rotating arms was also
computed.

T

E=—
r

(4)
2.1 Designing of the different rotating arms
One of the most important design parameters for rotating arm in

the bale wrapping machine is the pipe thickness. The outer diame-
ter of the original produced pipe used is 90 mm and the thickness is
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5 mm. Static structural analysis was carried out in 5 different pipe
thicknesses (2, 3, 4, 5 and 6 mm) in order to determine the maxi-
mum stress and displacement amounts that may occur in the arm
depending on the force applied to the arm during the wrapping of
the bale and to improve the design. While the rotating arms are
being designed, the 32 kg stretch required for wrapping the bale is
included in the design. Weight of the stretch was considered in the
analysis. St 37 steel was used as the pipe material. Mechanical and
physical properties of St 37 steel are given in Table 2. The tech-
nical drawing dimensions of the rotating arm of the bale wrapping
machine are given in Figure 4.
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Figure 4. Technical drawing dimensions of the rotating arm of the bale
wrapping machine
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2.2 Analysis

Rotating arms with different pipe thicknesses are modeled in
Solidworks program. Then, the rotating arms in the Ansys Work-
bench program were subjected to static analysis. In the analysis,
first of all, St 37 steel material assignment was performed on the
program. The mesh layer was created in the Ansys program of the
rotating arm, which was previously designed in five dimensions.

Table 2. Some mechanical and physical properties of St 37 steel
(S235JR) [10-13]

Density (kg/m?3) 7800
Modulus of elasticity (MPa) 210000
Elongation (%) 22
Tensile strength (MPa) 360
Yield strength (MPa) 235
Poisson ratio 0.28

Figure.5. Mesh structure
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Figure 6. Total deformations in rotating arms with different pipe thickness
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Figure 7. Stress changes in rotating arms with different pipe thicknesses

The mesh structure was obtained as shown in Figure 5. In the
model with a mesh structure, the rotating arm was fixed in the
flange side where hydromotor was mounted to rotate the arms. The
force to be applied to the rotating wrapping arm was determined by
considering the maximum operating pressure, torque of the hydro-
motor and the force that comes to the stretch wrap during the
movement of the machine using the above-mentioned equations.
1009.7 N force was applied to the rotating arm in the form of a
distributed load. A total of 52995 nodes and 7854 elements were
created in the model for 5mm pipe thickness.

3. Results and Discussion

Depending on the weight of the bale and the stretch, the force on
the rotating arm was applied as a distributed load. Depending on
the force on the rotating arm, problems arise in the machine and
different deformation problems can be seen. In order for the rotat-
ing arm to do its job in the best way, its strength should be in-
creased. At this point, the thickness of the pipe has been changed
for the optimization of the rotating arm driven by the hydromotor.
For five different pipe thicknesses, points and amounts of maxi-
mum deformation, minimum and maximum stresses were exam-
ined. Figure 6 shows the total deformation of the rotating arms with
different pipe thicknesses.

As seen in Figure 6, the minimum displacement is seen on the
flange side where the hydromotor is connected. Maximum defor-
mation was observed in the part where the stretch to which the load
is applied is connected. It is seen that the maximum deformation

decreases as the pipe thickness of the rotating arm increases.

During the wrapping of the bale, the force applied to the stretch
and the rotating arm may cause bending and deformation of the
rotating arm. At this point, the bale cannot be effectively wrapped
with a stretch. Figure 7 shows the points where the minimum and
maximum stress occurs. In addition, the amounts of the minimum
and maximum stresses in the rotating arm with different pipe
thicknesses have been also given. It is seen that the minimum stress
in the rotating arms is observed where the stretch is attached. It is
seen that the maximum stress in all rotating arm designs is in the
bending part of the pipe. In the analysis results, it is seen that the
maximum stress decreases as the pipe thickness increases. Table 3
shows the minimum and maximum displacement and stress values
obtained in the designed rotating arms.

Table 3. Minimum and maximum displacement and stress values ob-
tained in the designed rotating arms

Pipe Maximum Minimum  Maximum  Maximum
thickness  displacement Stress Stress Shear
(mm) (mm) (MPa) (MPa) Stress
(MPa)
6 2.2677 0.0235 20.196 11.658
5 2.9035 0.0319 26.651 15.321
4 3.9552 0.0560 36.453 20.747
3 6.0299 0.0416 55.491 30.805
2 11.636 0.0194 98.806 52.846
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4, Conclusions

In this study, the design optimization of the rotating arms of the
bale wrapping machine has been carried out. Without changing the
length and radius dimensions of the rotating arms, the rotating arms
with pipe thicknesses of 6,5,4,3 and 2 mm were modeled. The
force applied to the stretch and rotating arm during the wrapping of
the bale was determined. The determined force was applied to the
rotating arms. Structural static analyzes of the designed rotating
arms of different sizes were carried out in the Ansys Workbench
program. Analysis results showed that the amount of deformation
decreases as the pipe thickness of the rotating arm of the winding
machine increases. Maximum deformation is seen with the rotating
arm with a pipe thickness of 2 mm. In addition, the analysis shows
that the maximum stress decreases as the pipe thickness increases.
As a result of the study, the stresses occurring in the rotating arm of
the bale wrapping machine were determined and the optimum ro-
tating arm design was tried to be determined. Safety factor has been
determined as 8.817, 6.446, 4.234 and 2.378 for 5, 4, 3 and 2 mm
pipe thickness. It can be suggested that 3mm pipe thickness could
be safely used for rotating arms. It has been observed that as the
pipe thickness increases, the stresses occurring in the rotating arm
decrease and the pipe strength can be increased.
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Nomenclature

Map ‘Torque of hydromotor (Nm)
AP :Pressure difference (bar)

v :Displacement (cm3)

T :Hydromechanical efficiency
Pao : Engine power (kW)

Q . Flow rate (L/min)

Moes : Total efficiency

n : Hydomotor speed (rpm)
0 : Volumetric efficiency

F : Force (N)

T

: Torque (Nm)
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