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Abstract

Distortion and deformation of tubes during machgnoperations are very importain this study, a
tube used in magnetic drum separator under coratedtdioad (machining load) is considered.
Using finite element simulation, deformities anceithdependence on parameters such as the
thickness of the tube and the place of concentrfated are observed and predicted. To compare
and confirm the results, some experimental tegtxansidered. The results show that there is good
agreement between the numerical and experimental d&ae results of this study indicate the
amount of residual stress in the tube by chandmglacation of the load, the effect of residual
stresses in the tube, indentations at differen¢ltewf thickness and location of the load. Results
show that the values and location of force afféet $tress and residual stress in the thickness of
tube. In addition, increasing the thickness of tdbereases the residual stress area in longitudinal
and circumferential direction of tube. Also, theximaum residual stress in tube is occurring under
the force area and by increasing the thicknessld,tthe displacements of area under the force is
decreased.
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1. Introduction
The deformation of tubes, rod and cylindrical slsapeder machining force is very important for

precision device such as magnetic drum separaguol insmines. Many studies have been conducted
by various researchers on the deformation andssinettibes. Such studies have been performed in
analytical or experimental method or with simulatimethod by finite elements software. Dvorkin
and Toscano [1] analyzed the behavior of pipeswdustry by finite element modeling. Tang [2]
worked on further researches in this field and stigated the relationships between various
parameters of the pipe in its plastic deformatitichalakani et al. [3] studied the analysis of the
tubular rotational plastic deformation. Toscanoakt[4] investigated the pipe failure under an
intense external pressure by practical tests améirtie element simulation. Yoshida and Kuwabara
[5] worked on the critical stress in the steel pigxposed to the loading direction and found out
that the critical stress is completely indepenagrihe direction of loading. Zeinoddini et al. [H,
examined a numerical method on the effects of ihe'pfailure and exposure with the preload, and
also they investigated the same effects experifigntazkan and Mohareb [8] investigated the
deformation of the thick steel pipe under varioaads including biaxial bending force, biaxial
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shear force, rotational force, axial force, an@inal/external pressure, and the results they rodadai
were in good agreement with the peak load obtaireed the analytical results. Mohareb et al. [9]
studied the behavior of the steel pipes under rdiffeloads. They conducted these studies using
Abaqus software and the obtained results were au gacordance with their experimental results
Liu and Francis [10] investigated quasi staticdlg denting effect of pipe caused by external
forces. They found out a simple relation betweendkternal force and the maximum depth of the
dent. They proved these results both in an analydod finite element method. Al-Qureshi [11]
worked on the analysis of the elastic and plastidation of the pipe and introduced an equation to
predict the residual stress. Hyde et al. [12] itigased the analysis of the stress in pipe dudéeo t
large fluctuations in the external pressure andotteervations of residual stress. The effects @f th
backup situations, the amount of pressure, anavddge radius of the finite element method were
investigated resulting in a semi-empirical formdiveloped to predict the residual stress changes
in the pipe. In another study, Hyde et al. [13] pteted the formula to predict the stress and studie
the effect of the residual depth of dent, the maépressure, the wedge size and various materials’
properties on the residual stress for differenepith greater parameter sensitivity. In a numérica
study by Brooker [14], the pipe under lateral fows investigated In this paper, it was dealt \&ith
parametric study on the effect of the wall thiclg)ebe pipe’s length and diameter, and the stress,
and it was introduced an equation to predict thetidef the dent. They also presented a finite
element model to be compared with the numericallt®sKaramanos and Andreadakis [15] studied
the synchronic effect of the internal and extepralssure. They showed that the internal pressure
significantly increases the strength of the denfioige. Kyriakides and Lee [16] examined the
effect of the long-term residual stress on theapsleé of the flawless plastic pipes under the
pressure.

In this paper considering a tube under machiningcentrated force such as the lathe force, the
residual stress and the effects of the force cdratex on the steel tube, and its relation with the
parameters such as tube thickness and the loaztitve loading are investigated.

2. Problem and Material Definition

In the production process of the magnetic drum rs¢pawith tube machining, it is important that
the tube under machining force has least permatheiormation. This deformation is important
because the gap between the tube and magnetich@atmore influence on the power of drum
separator in separation the iron from the mateniaron ore mines. This gap and its effect on
separation are presented in Figure 1.
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Figurel. The effect of magnetic gap on separatieriron from iron ore

So, it is very important to study the applied clesx@nd the residual stress after machining
operations on the tube. In this paper, one typéubé subjected to concentrated load along the
length of tube is considered. The dimension of isli@esented in Table 1. All tubes have the same
outer diameter and length and the inner (thicknesg)bes are varied.

Tablel. Dimensional models analyzed

No. Tubelength(mm) Outer radius(mm) Internal radius(mm)

1 1000 114.3 53.15
2 1000 114.3 52.15
3 1000 114.3 50.85
4 1000 114.3 49.15

For material property, the SS-316 is considerediubes and the mechanical properties are listed in
Table 2. The material properties are consideredgaddent in temperature. This kind of steel is
commonly used for magnetic drum separator. In Eduschematic of the model and loading areas
mesh size in ABAQUS software can be observed. mitefielement formulation, the element
“C3D8R: An 8-node linear brick” is consideredrfplates. The boundary condition is considered
as fix-fix at end of the cylinder.

Table2. The mechanical properties of the tube

Property Value
Yield strength(MPa) 170
Density(Kg/nT) 8000
Modulus of elasticity(GPa) 193
hardness (HB) 217
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Figure2. Schematic of model and mesh model

To simulate the steel tube under concentrated \ai#d finite element, using three-dimensional
modeling, the forces were applied up to the haifyth of the tube because of the symmetric of the
model. In this simulation, the two sides of the mlaale quite constrained. The force was applied to
five points of the tube, with the distances 50,,1Z8D, 350 and 500 mm from the head of the tube.
The forces were applied in all four models as fefiothe force applied to the distance of 50 mm,
from the head of the tube, transformed the model aplastic status, and then the same force was
applied to other points. Also, the simulation wasfgrmed in two steps because of the examination
of the residual stress in the tube, loading/uniogdi

3. Resultsand Discussion

After the steps of the simulation, the results @nesented as applicable diagrams. The changes in
the stress along the tube are showed in Figurecanl be seen from this figure that by moving the
loading point away from the support, the residuaéss is increased. Also by increasing the
thickness of tube, the residual stress is decreased

It is observed also from Figure 3 that the residiiss is less at the point under the force applie
on than the surrounding of the loading point arel dmount of this stress differs further from its
surrounding by the increase in the tube thickness.
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Figure3. changes in residual stress in tubes vifighenht thickness

Figure 4 shows the permanent displacements in toypesirious loading point. It can be seen from
this Figure that the permanent displacements ameeased by moving the force away from the
supports. Also in low values for thickness of tuties permanent displacements increased with a

constant force, and by moving the force far awaymfrsupports the displacements values are
increased rapidly.
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Figure4. changes in permanent displacement in twiiediferent thickness

To consider exactly the values of the residualsstiend the displacement in the tube, these values
were also calculated at the tube circumferencectlme where the force is applied and to
understand more accurate and better, the diagramesdvawn in polar form.

Figures 5 to 8 show the changes in residual saes#ise circumferential direction of tube at load
location where the force is applied. As shown iguFe 5, at the thickness 4 mm. the peak of the
residual stress is at the point where the for@pied, and by moving away from the support at an
angle of 10 degree along circumference directibe, residual stress is increased. This event is
occurred for each tube with various thicknesseshasvn in Figures 5 to 8. Figure 6 shows also that
the maximum of the residual stress effect is atdibgree of 10 along the circumference direction
from the loading point.
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Figureb. residual stress changes in the circumfareftube - thickness of 4 mm
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Figure6. residual stress changes in the circumfarentube - thickness of 5 mm
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Figure8. residual stress changes in the circumfarentube - thickness of 8 mm

The changes in the permanent displacements atirthenderential direction of tube are shown in
Figures 9 to 12. Figure 9 shows the changes irdisiglacement at the thickness of 4 mm. It is
observed that the displacements are decreasedpanoaahed together by increasing the distance
from the support up to the middle point of the tuleall distances in these changes, the maximum
displacement is observed at the point applied tireef The displacements are decreased by
increasing the angle, however, the displacememtsnareased at the angles of 15 to 20 degrees,
and thereafter the amount of displacements is dsetk The range of the increase in the
displacement is negligible at the distance of 50,namd this manner is the same for every
thicknesses considered for tubes.
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Figure9. Permanent displacement at circumferedtiattion of tube - thickness of 4 mm
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Figure 10. Permanent displacement at circumferetitiaction of tube - thickness of 5 mm
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Figure 11. Permanent displacement at circumferedtitiaction of tube - thickness of 6.3 mm
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Figure 12. Permanent displacement at circumferetitiaction of tube - thickness of 8 mm

4. Validating Data Experimental Results

To compare the previous results, some experiméggtd are considered for tube of magnetic drum
separator. The sample (drum separator) is showkigare 13 and is completely bounded in the
lathing machine and the force indicated in thevearfé is applied to the experimental model. The
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strain created in the piece is derivative withistgauges after applying the force and removing the
load. Dynamometer is used to measure the forcdrandtrain of the tube. Moreover, strain gauge
and data logger are used. The results compared Riitlsimulation are shown in Table 3. The
results show that there was an acceptable agredretméen the results from the software and the
experimental test.

Figure20. Magnetic drum seperator tube - Experialesgtmple

Table3. Comparison of theoretical and experimeameislits

Strain Analysis Test Error (%)
With force 3.62e-4 3.35e-4 7.34%
Without theforce 8.03e-6 7e-6 12.8%

5. Conclusions

This paper investigated the effect of the forcecemtrated on the tubes and it was observed and
examined the effects of parameters such as thenitss of the tube and the point the force applied
on, the amount of residual stress and the displantrmmaused in the tube. These effects were
obtained by using finite element and validatingelxperimental tests. The results and the diagrams
also show that the effectiveness of the residuatstis reduced at the length and the circumference
of the tube by increasing the thickness of the t#go, the maximum of residual stress is created
in the tube about the point the force applied. Tieplacement caused by the force is decreased
considerably by increasing the thickness. Alsoaddition to the point the force applied, the
circumferential displacement starts to grow in taege varying depending on the thickness of the
tube.
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