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I. INTRODUCTION 
 
In order to proceed with the application of vibration 
analysis both theoretically and experimentally, we 
propose to present a practical case. This is a wheat 
filtering equipment (Tarar). This machine has several 
mechanical faults: imbalance, heating of bearings, 
shaft bending and bearing defects that have arisen 
during the operation of this machine. The spectral 
interpretation is delicate. The defects are 
superimposed and manifest themselves at the same 
components of high amplitudes corresponding to the 

harmonies of the frequency equal to the rotation 
frequency of the rotor. 
 
II. DESCRIPTION OF THE MACHINE 
 
TARAR is a wheat filtering machine. It makes it 
possible to extract the fine particles from the waste in 
the wheat and to suck them thanks to the propellers 
mounted in parallel on a rotor supported by two 
rolling bearings rotating at 3000 rpm. The evacuation 
is done through the chimney of the exit (photo 1). 
The main machine components and their 
characteristics are shown in Table 1 

 
Table 1 Main organs of the wheat filtering machine. 

 

 
Photo1. Waste disposal system. 

 

 
Figure2..Kinematic diagram and vibration measurement 

points. 

2.1 Equipment used for vibration monitoring: 
Periodic monitoring of the Tarar is done with the 
MOVILOG 2 data collector. 
 
III. DIAGNOSIS ANALYSIS OF THE 
RESULTS[1] ,[2][4] 
 
The spectral interpretation reveals the presence of an 
imbalance on the rotor carrying the propellers. 
This imbalance generates vibrations at a level of 
18.51 mm / s as indicated by the preponderant 
component related to the rotation frequency of the 
47.50 Hz rotor (figure 3). The spectrum is taken from 
the motor bearing in the horizontal direction. This 
level of vibration is considered a danger (VDI 
standards 2056). 
Nevertheless, in the vertical direction of this plateau, 
the level of vibration of the peak related to imbalance 
is 7.11 mm / s (Figure 4). Whereas, on bearing No. 03 
on the receiving pulley side, this fault occurs at the 
same rotation frequency (47.50 Hz) and causes 
vibrations of 08.53 mm / s (Figure5). While on the 
free bearing No. 04, this unbalance defect generates a 
peak level of 05.47 mm / s, according to the high 
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frequency component equal to the rotation frequency 
of 47.50 Hz (FIG.6). 
This imbalance creates a centrifugal force that 
manifests itself at the rotational frequency of the 
rotor. It causes vibrations in a radial plane, which 
propagate firstly on the bearings of the machine No. 
03 & 04 (Figure 4.3), and then on the bearings. The 
imbalance defect may cause other mechanical 
anomalies: lack of wear or play on the bearing 
surface, bending of the shaft carrying the propellers, 
misalignment between bearings 03 and 04, and a 
bearing fault in these two bearings. In this case, this 
failure (imbalance) caused the occurrence of a shock 
on the shaft line bearing the turbine that is detected 
on September 11, 2014. 
 Several defects are expressed by a predominant 
component of high amplitude related to the rotation 
frequency and it is the phase analysis that makes it 
possible to distinguish between the defects resulting 
from a rotary force such as that of an unbalance and 
the defects from a directional force such as tension 
induced by a belt that is too tight, bearing wear, 
bearing loosening, pulley eccentricity, and bending of 
the shaft... 
Indeed, in this case, the phase shift is 09.96 °, which 
makes it possible to confirm the detection of a defect 
related to a directional stress relative to the bending at 
the rotor carrying the propellers, in the presence of a 
defect in both bearings N ° 03 & 04. 
 

 
 

 
Figures 3and 4 Spectra taken on the landing No. 02, 

respectively in the horizontal radial direction and vertical 
radial 

 
Figure5 Spectrum taken on the bearing No. 03 in the 

horizontal radial direction 
 

 
Figure 6 Spectrum taken on bearing No. 04 in the vertical 

radial direction. 
 

3.1 Corrections  [4] 
These mechanical defects caused the blocking of the 
shaft line carrying the Tarar and the abrupt stoppage 
of the machine. Production has been disrupted. 
During the vibration monitoring of these machines, it 
was always recommended to solve this problem by 
balancing the rotor carrying the propeller. This makes 
it possible to correct the bending of the shaft as much 
as possible. This defect is detected by vibratory 
analysis and confirmed by the control of the bending. 
Several balancing attempts were made (Table 2). 
Repeatedly, corrections were made ranging from 08 
to 30 gr, spread over the blades of the two propellers 
(photo 1). Each time we disassembled and went up 
the entire top of the machine several times each 
attempt balancing. We controlled the bending 
deformation of the shaft that was repeated and we 
changed the bearings. This caused a play at the 
bearing surfaces not only on the two bearings, but 
also on the shaft. 
 
As a result, it is concluded that the problem lay in the 
design of the machine. 
To remedy this, we proceed to a design study of a 
new transmission. A theoretical study is established 
to remedy these deficiencies. 
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Tableau 2 List of interventions. 

 
IV. THEORETICAL STUDY AND MODELING 
OF THE TARAR MACHINE (FIGURE7).[3], [4] 
,[5] ,[6] 
 
According to a first vibratory follow-up, anomalies 
due to the design led to the heating of the bearings of 
the shaft line of and to its deformation. They caused 
the bearings to lock repeatedly and for several 
machines. For this purpose, one of these cases was 
treated where the level of vibrations had increased 
considerably on the shaft line. The shaft, the bearings, 
the receiving pulley and the two propellers are 
modeled. In a first step, the shaft is tested for 
torsional and flexural strength. In a second step, a 
model is established for the study of vibration modal 
analysis, in order to understand the vibratory behavior 
of the installation 

 
Figure.7.Tarar model 

 

4.1. Theoretical calculations. Applications[4] 
A transmission shaft is calculated and checked for 
torsion, possibly bending (flexion) or bending - 
torsion. 

 

 
Figure8.Drawing of the shaft 

 
4.2. Resistance calculation[7]  
The following calculations are made for the shaft: 
Torsional strength, Verification of the shaft diameter 
N ° 05 (Figure 8). For this, we give a series of tables 
explaining the procedure adopted and the main results 
obtained. 

 
Table3.Torsion resistance condition 

 
Table4.Resistance to bending .Diagram of bending moment and shear force 
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Table 5.Resistance condition. Vérification 

 
Table 6.Calculation of the maximum arrow .Numerical applications 

 
Y represents the eccentricity e between the main 
axis of inertia and the axis of rotation. It is the 
deformation of the shaft following a centrifugal force 
F generated by an unbalance of mass m placed at a 
radius r, therefore: 
e. M = r. m(1) 
Avec :M : rotor mass.     M= m1 + m2 + m3 +
m4 = 22,305 Kg 
m : unknown mass of unbalance;r : radius of 
unbalance. We taker = = 25 mm , therefore the 
unbalance will be concentrated on the part of the tree 
having 50 mm diameter. 
Thus, we determine the mass of imbalance, we 
obtain:m = 6,156 g. 
The centrifugal force generated by this imbalance 
will be determined from the following relation:     
F = m. r.ω2 (2) 
Numerical application:F = 10,596 N 
This small mass of unbalance caused a centrifugal 
force that could deform the shaft and generate 
vibrations of an overall level of 18.51 mm / s on 
September 11, 2014 (Table 4-2). In the case where 
the unbalance concentration radius increases, then the 
centrifugal force F increases because it is also 
proportional to the square of the rotational speed ω. 
Comments: During inspections, due to the presence 
of high vibration levels on the shaft lines, we noticed 
a clogging of the material at the level of the 
propellers (diameter 390 mm). This clogging is in the 
form of small quantities, but its influence is crucial 
because it occurs in a non-uniform manner, which 
generates not only vibrations due to the phenomenon 
of unbalance, but also imbalances caused by flexural 
deformations. This failure led in most cases, heating 
bearings supporting the shaft line, reaching up to 120 
°, which sometimes causes blocking of these bearings 
as in the case of 24 September 2013 and 14 July 2014 
(Table 2-1). Also, according to our site observations, 
the bearing in the bearing No. 04 is supposed to be 
free in the axial direction, while it is locked in this 
direction, which has caused the deformation of the 
shaft. 

4.3. System Modeling[7]   
Drive shaft N ° 05 consists of: a shaft, a pulley and 
two propellers. It is supported by two bearings and it 
can be modeled by: 
A disk of the moment of inertia J corresponding to 
the receiving pulley, a disk of the moment of inertiaJ  
corresponding to the helix 01, a disk of the moment 
of inertiaJ for the helix 02.. 
itsrigiditiesK , K etK , and 
itsangulardeformationsφ , φ etφ .  
 
4.3.1Determination of matrices of rigidity and 
inertia and own frequencies. 
 

L ̇ = L + L = 65 + 310 = 375 mm 
L ̇ = L = 470 mmL ̇ = L = 310 mm 

For matrices of rigidity and inertia, respectively, we 
obtain: 
[K] =

26,174. 10 −26,174. 10 0
−26,174. 10 135,82. 10 −109,646. 10

0 −109,646. 10 165,113. 10
  , 

I =
1,126. 10 0 0

0 83,87. 10 0
0 0 83,87. 10

 

 
Table 7.Matrices of rigidity and inertia 
The characteristic equation is: 
−7,92 ∗ 10 ∗ λ + 212,527 ∗ λ − 614,863 ∗
10 ∗ λ + 1,591 ∗ 10 = 0(3) 
This equation is solved using the roots command of 
the MATLAB software. Weobtain : 
λ
= 2,357.
λ
= 2,969.

ω
= 4,854. 10
/s) 

f =
.

 

f =
ω
2.π       f =

ω
2.π 
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λ
= 2,869.
 

ω
= 1,723. 10
/s) 
ω
= 535,63 (red
/s) 
 

Own 
frequen
cies 

f = 772,930 (Hz)f
= 274,363 (Hz)f
= 85,291 H(z) 

Table 8.Own frequencies of the installation 
 
If we compare these results of frequencies obtained 
with that of the 47.75 Hz machine, we conclude that 
there is no problem of resonance. 
 
CONCLUSION 
 
To solve this problem of deformation (bending), we 
propose the following solutions: 
- Increase the section of the shaft at the level of the 
rolling bearing that is to say at the places 
    bearings (source of heating and blocking of 
bearings). 
- Change of bearings and bearings 
- Increase the length of the shaft to facilitate assembly 
and disassembly of bearings and  
bearings, without dismantling the entire Tarar tree 
line. 

This makes it possible to reduce the shortfall caused 
by stopping the machine for repairs, to increase its 
availability and to avoid possible deformation due to 
the blocking of the bearings because the bearing in 
the bearing No. 04 is broken by shoulders. Normally 
it must be free in the axial direction to avoid this 
problem of deformation. 
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