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Abstract. Finite element analysis (FEA) is a computerized method for predicting how a product reacts to real-
world forces, vibration, heat, fluid flow, and other physical effects. Finite element analysis shows whether a
product resists under the working conditions, wears out, or works the way it was designed. Hemp fibre is a
natural renewable material used in important areas of industry. The primary processing is performed on special
equipment that ensures hemp fibre processing. In this study, the structural analysis module will be used for static
analysis (resistance checking) and modal analysis (frequency analysis or calculation of a number of structure’s
own frequencies) for the important assemblies. The pressing and crushing rollers, their spindles and bearings and
the frame (machine frame) of the hemp fibre processing equipment are analyzed and verified constructively and
functionally. The results obtained are used in redesigning the equipment. Thus, it is expected that the new design
of the hemp fibre processing equipment will have better performance in terms of metal consumption, energy
efficiency and the quality of the obtained products. The equipment comprises a system with 8 pairs of processing
rolls, and a vibrating system for separating the pieces from the remaining stems in fibre. The work is aimed at
checking the dimensioning and the resistance to the efforts by the method of the finite element analysis (FEA)
both for the construction of the rollers and the support frame.
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Introduction

For the production of hemp fiber, special equipment is required for primary processing of the
stems. Their construction comprises an assembly of pairs of rollers (rollers) that perform different
technological phases within the primary processing, namely: crushing, breaking the wood part of the
stems, separating the wood part [1-3]. In order for these equipments to withstand maximum stresses
and also to use optimal materials consumption in the construction of the equipment, it is necessary to
carry out a dimensional analysis of the components subjected to maximum effort with the FEA
method [3-5]. After calculating the maximum force required in the technological phase with maximum
effort, that is to break the stems with maximum section, the dimensioning and verification at
maximum effort of the respective rolls will be started. In the work the constructive project is verified
before being delivered in execution [6;7]. The constructive analysis of the equipment for the
production of hemp fibre with the verification of the resistance of the equipment in the areas with
maximum effort from the design phase is very important [8-10].

The studies performed according to this article allowed the analysis and dimensional re-design of
the main components subjected to the maximum effort of the equipment for primary processing of
hemp fibre [11; 12].

Materials and methods

For processing hemp fibre to 5-day harvested strains, special equipment with 8 pairs of rollers for
breaking and separating the hemp fibre from the woody part was designed. Fig. 1.

In order to perform all the operations necessary to obtain high quality hemp fibre, the 8 sets of
rollers have different profiles and are mounted in successive order starting from the supply port of the
equipment (Fig. 2):

1. The first set of rollers of the equipment is presented in part A, it has rollers with circular channels
and rectangular section for driving stems and breaking leaves.

2. Set of 2 rollers is presented in part E, it has rollers with axial channels and circular section with a
depth of 3 mm and has the role of pressing the fibre on the hemp stem.

3. Set of 3 rollers is presented in part B, has rollers with circular channels and triangular section for
longitudinal notching of the fibre.
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4. Set of 4 rollers is presented in part C, where the lower roller has a set of laminated profiles type
U5 and the upper roller is provided with a set of laminated profiles type TS, which will allow the
primary rupture of the wooden part of the hemp stem.

5. Set of 5 rollers is presented in part D, it has rollers provided with axial knives that have triangular
teeth that intertwine and will clean the pieces of fibre stem.

6. Set of 6 rollers is presented in part B, it has rollers with axial channels and circular section with a
depth of 6 mm and has the role of pressing the fibre on the hemp stem.

7. Set of 7 of rollers is presented in part D, it has rollers provided with axial knives that have
triangular teeth and that intertwine and will clean the pieces of the fibre stem.

8. Set of 8 rollers is presented in part B, it has rollers with axial channels and circular section with a
depth of 12 mm and has the role of pressing the fibre on the hemp stem.

Fig. 1. Hemp fibre processing equipment: 1 — mouth of supply; 2 — beat; 3 — set 8 pairs of rollers
with different profiles for the technological phases of pressing, crushing, breaking stems; primary
separation; breaking pieces of stems; final separation; 4 — final separator for hemp fibre;

5, 6 — gear motors for drive; 7 — electric panel

Fig. 2. Constructive types of rollers

Each set of rollers is mounted at one end a pair of cylindrical wheels to be rotated simultaneously.
Between each set of rollers a transmission is mounted with wheels and Gall chain to transmit the
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rotational movement from set 1 to set 3 of rollers and from set 2 to set 4 of rollers and receives the
rotational movement of each group of 4 sets of rollers from a gear motor.

For the analysis with the finite element method (FEA), the following representative type will be
chosen: circular channel roll for pressing hemp stems.

Determination of the characteristic elements of the circular channel roller used in the construction
of hemp fibre processing equipment is shown in Fig. 3 and 4.

Fig. 3. Roller-longitudinal view

Roller profile geometric calculation

Fig. 4. Roller section

Table 1

No.

Name of constructive element

Numerical application

The angle corresponding to the step of the grooves (a) is
measured between the radii passing through the centre of the roll
and the ends of two adjacent grooves. a = 360/n,.

In which: n. = number of grooves

0 -360/9 = 40°

The pitch of the grooves on the arch is measured on the outer
circumference of the respective wave, between the ends of two
adjacent grooves. P., = 7:D,,, /n.

P.p= m158/9 =55.12
mm

98]

The height of the grooves (h), in mm: h =R, — R,

h, =78-60 = 18 mm

The distance between the rotation axes of the pair waves (D), in
mm: D = D,,,; —i. In which: i is the size of the interpretation of the
grooves of two pairs, in mm.

D =158-12 = 146 mm

The angle of the crushing field (f), formed from the radii passed
through the initial and final points of the crushing field
p =2°rccos D/2R,,,

B=40°

The average number of grooves (n,) at the same time in the
crushing field: n,, = n.- /180

n,=9x40/180=2

Passing speed of the stems through the pair of grooved rollers,

in m-min’".

V. = L;- n, where n — rotation of grooved cylinders, rpm

Vt=2m.l

For the maximum effort verification of the circular channel roller, the FEA method of the
Autodesk Inventor software will be used.

Stress Analysis Report, project information, physical:

mass — 40.1533 kg;
area — 495696 mm?;
volume — 5115070 mm’;

centre of gravity —x =9.24911 mm; y = 0.253161 mm; z = 4.22152 mm.

Static Analysis, general objective and settings:

design objective — Single Point.
study type — Static Analysis.

Material settings:

type: 40Cr10 steel;
density — 7.850 g-cm™;
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modulus of elasticity — 200 GPa;
Poisson’s ratio — 0.3;

tensile yield strength — 380 MPa;
tensile ultimate strength — 281 MPa.

Operating conditions: Pressure — 0.400 MPa.

Fig. 5. Selected faces Fig. 6. Fixed Constraint: 1

Boundary condition: as the roller is simply supported, so all degrees of freedom of the roller are
fixed at the bearing position. The force is distributed linearly on the bottom of the channel to analyze
the stress resistance of the minimum section of the roller.

Table 2
Results -Reaction force and moment on constraints
Constraint name Reaction force Reaction moment
Magnitude | Component (X,Y,Z) | Magnitude | Component (X,Y,Z)
0N 0ONm
Fixed Constraint: 1 | 2276.74 N 0N 8.9043 Nm 8.9043 N m
2276.74 N 0N m
Table 3
Result Summary

Name Minimum | Maximum
Volume 5115070 mm’
Mass 40.1533 kg
Von Mises Stress 0.0000000126786 MPa 10.0902 MPa
1st Principal Stress | -4.14146 MPa 13.0666 MPa
3rd Principal Stress | -10.9627 MPa 4.13444 MPa
Displacement 0 mm 0.0027229 mm
Safety Factor 15 ul 15 ul
Stress XX -10.2556 MPa 12.8878 MPa
Stress XY -2.2523 MPa 2.17526 MPa
Stress XZ -2.75327 MPa 3.43195 MPa
Stress YY -4.96621 MPa 4.95798 MPa
Stress YZ -2.31881 MPa 2.22248 MPa
Stress ZZ -8.66676 MPa 7.06237 MPa
X Displacement -0.000819876 mm 0.000805317 mm
Y Displacement -0.000160841 mm 0.000168816 mm
Z Displacement -0.0027229 mm 0.0000000995897 mm
Equivalent Strain 0.0000000000000551805 ul | 0.0000459576 ul
1st Principal Strain | -0.00000117322 ul 0.0000521372 ul
3rd Principal Strain | -0.0000466529 ul 0.00000125418 ul
Strain XX -0.0000418966 ul 0.0000504761 ul
Strain XY -0.00001464 ul 0.0000141392 ul
Strain XZ -0.0000178962 ul 0.0000198897 ul
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Table 3 (continued)

Name Minimum Maximum
Strain YY -0.0000111289 ul 0.0000101204 ul
Strain YZ -0.0000134386 ul 0.0000129663 ul
Strain ZZ -0.0000366289 ul 0.0000279321 ul
Contact Pressure 0 MPa 14.2606 MPa
Contact Pressure X -12.4986 MPa 10.0855 MPa
Contact Pressure Y -2.56587 MPa 1.81009 MPa
Contact Pressure Z -3.50994 MPa 7.2686 MPa

Maximum shear stress, total deformations are calculated as static analysis results. To check the
resistance to stress of the roller with circular channels we will use the Autodesk Inventor software.
Results are shown in Fig. 7-13.

Fig. 9. X Displacement max is 8.063-10* mm
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002 Mn

Fig. 13. Contact pressure
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Maximum value of shear stress is 14.26 MPa, which is at the bearing position of the top roller.
Maximum value of shear stress is within limit, so the shaft is safe. Minimum value of shear stress is
0.02 MPa at bearing. Contact pressure calculation results are given in Fig. 14-16.

Fig. 16. Contact pressure Z max is 7.269 MPa

Results and discussion

The static analysis of the two profiled rollers is done using alloy steel to analyze the maximum
shear stress, total deformation and the mass of the press rollers. The maximum value of the theoretical
and numerical shear force is compared to validate the results. Maximum value of shear stress is 14.26
MPa, which is at bearing position of the top and front rollers. Maximum value of shear stress is within
limit, so the shaft is safe. Minimum value of shear stress is 0.02 MPa at bearing.

The studies performed according to this article allowed the analysis and dimensional re-design of
the main components subjected to the maximum effort of the equipment for primary processing of
hemp fibre.
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The designed standard roller has a minimum wall thickness of 12.5 mm next to the channels with
a radius of 20 mm. and has a deformation of 0.002723 mm in the Z direction.

Table 3 shows the minimum and maximum values obtained by using Autodesk Inventor, but in
practice we only work with 3 decimals from case to case.

The present study allowed the dimensional design of the pressing rollers (Fig. 16) and the design
of the roller set assembly with bearings (Fig. 16) and then the constructive design of the entire
equipment (Fig. 1). The FEA analysis allowed the choice of the optimal materials for the rollers and
the reduction of the material consumption in accordance with their minimum deformations in the
technological phases with maximum effort. Their construction comprises an assembly of pairs of
rollers (rollers) that perform different technological phases within the primary processing, namely:
crushing, breaking the wood part of the stems, separating the wood part.

Steel Material: - 40Cr10

Fig. 16. Roller element profiled with 9 circular channels redesigned dimensional
according to FEA analysis

Conclusions

Modeling with Autodesk Inventor software and FEA analysis is performed for the bottom and top
rollers, which are subjected to the same effort and have the same dimensions both in the working area
and at the grip. Analyzing the diagrams obtained in the FEA analysis we will conclude the following.

1. The maximum value of the shear stress is less than the shear strength of the chosen material, so
the two rollers are safe.

2. The shear stress is very small, so there is the possibility to optimize the weight of the components.

3. Analyzing the total deformation, we find that the material chosen (40Cr10) is very good.
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