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A Study of Tolerances Effect of the Interference Fit in a
Retaining Ring Generator 60 MW at Dieng Geothermal
Component Using FEM

Aditya Sukma Nugraha, Imam Djunaedi, and Hilman Syaeful Alam

Abstract—In fact shrink fit an installation technique that has
been chosen to assembly two components. In this paper will be
learned as a result of differences in the size of the interference in
two pairs of components in the generator. Variations in
diameter will be selected to determine the effects of the stresses
and strains that occur. Methods of solution were performed
using Finite Element Method (FEM). This method was chosen
because of the kind of research that is found, the use of this
model will get the results that will be close to the actual results.
The solution obtained shows that a small variation in size (each
variation of 0.03 mm) will have a major impact on the stresses
and strains obtained.

Index Terms—Shrink fit, interference, FEM, stress, strain.

. INTRODUCTION

In the manufacturing industry, connecting the two
components in the assembly widely used shrink fitt method.
This method is usually accomplished by a change in the
relative size at the time of assembly. The thermal shrink uses
the phenomenon of expansion during the heating of materials.
In Fig. 1 can be seen that the mechanical interference with
little or no pressure needed for assembly. For examples the
heating process at this stage using electromagnetic induction
process by placing the inductive material, there will be a large
magnetic field, so that the electric current can flow in the
metal and the heat arising as a result of the process [1]. Heat
generated by this process is determined by the frequency of
the magnetic field and the material permeability [2].

Analysis of shrink fit is important because the geometrical
complex, material permeability and loaded make different
effect. Many research calculated of the shrink fit loaded by
conventional method [3]. In this paper calculated of the
retaining ring inteference fit part analysis with Finite Element
Method (FEM). Robust analysis performed with ANSYS
Workbench, in the process in shrink fit will be modeled by 3D
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FEM in solidwork then import by ANSYS Design Modeller.
On the other hand, FEM analysis using for calculated pressure,
stress, and deformation in the shrink fit component.

Actually, based by the result of the installation process
make components increased internal pressure, and then
allowing of the compound cylinder [4]. The assumption of the
analysis can be solved by many method, one of them is
analysis of interference fit using simplification with strain
hardening on the hub and elastic approach at the shaft solid
[5]. Another approach calculation done by Jahed, et al., they
conduct research with the axisymetric method with
elastic-plastic analysis to predicts residual stress at the
component [6].
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Fig. 2. Geometrical of component.

Il. CALCULATION PROCEDURE

On the theory, interference fit procedure is used heat to
produce interference between two part together mecahnically,
on the other hand to make one of which is inserted in to the
other part. After assembly process, the part return to the
original dimension, so this process produce the stress and
deformation on the some areas.

As on handbook [7], [8], value of the area contact pressure
can be solved by an equation:
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where is P: Pressure in contact area, &: radial interference at
the assembly system, E : Young’s modulus and the b and c is
inner diameter and outer diameter like Fig. 2.

After we calculated the pressure at the contact area, we can
determining hoop stress and tangential stress at the shrink fit
component. And then, radial and tangential strees at the inlet
cylinder can be solved by equation [8], [9]:

c’P b? 2
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O-g(inner) = m)(l-F r—zj (3)

Finally, radial and tangential stress at the outlet cylinder
can be solved by equation:
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Fig. 3. Radial and hoop stress distribution.

To illustrated the above equation can be seen in Fig. 3, that
the hoop stress distribution the hoop stress is the force worked
at circumferentially (perpendicular both to the axis and to the
radius of the object) in both directions in the cylinderical
component and the radial stress is a component of the stress
tensor in cylindrical coordinates.

I1l. DATA AND NUMERICAL MODEL

In this paper, geometry of the interference fit make
standard code in mechanical role. Dimension constraint use
1SO 286-1(2010), ISO 286-2(2010) and ANSI B4.2 (1978),
with the nominal size 838 mm and use the above standard
resulting size tolerance can be seen in Table I.

TABLE I: THE TOLERANCE SIZE OF SHRINK FIT COMPONENT

Hole
Parameter Value Unit
Designation 838 H7 mm
Hole Upper Deviation 90 pm
Hole Lower Deviation 0 pm

Maximum Hole Size 837.944 mm

Minimum Hole Size 838 mm
Shaft

Parameter Value Unit

Designation 838 h6 mm

Shaft Upper Deviation 0 um

Shaft Lower Deviation -56 Hm

Minimum Shaft Size 838 mm

Maximum Shaft Size 838.09 mm

Fit
Designation 838 H7/h6
Fit Type Transation Fit

TABLE II: PARAMETER FOR DYNAMIC CALCULATION

Density 7850 kg.m®
Young Modulus 20 x 10’ Pa
Poisson Ratio 0.3

IV. CALCULATION AND RESULT

Fig. 4. Finite Eelement mesh.
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Fig. 5. (a)stress and (b) strain rresults by ANSY'S Workbench 1( Hole inner
diameter 838 mm, Shaft diameter 838.03 mm).
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In this study, the instalaition process of retaining ring to
generator system, by adding an initial pressure of 32 mpa. At
the time of calculation, fem analysis with ANSYS applied
17125 elements and 28855 nodes are shown in Fig. 4. The
meshing using tetrahedral mesh pattern. In 3D finite element
modeling, this meshing prefer strongly and powerfull to
analysis some problem. Steel is selected as the material of the
retaining ring. The parameter of the material properties are
shown in Table I1, the content is density, young modulus and
pisson ratio, respectively, and the the paramer can be used in
simulation in retaing ring.

Results by ANSYS Workbench Analysis are shown in the
Figs. 5 to 7 and Table Ill. Fig. 5 shows the countour of von
misses stress and elastic strain for the loads and boundary
condition with hole inner diameter 838 mm, Shaft diameter
838.03 mm. From Figs. 5 and 7, the highest value of
equivalent stress result of assembly of retaining ring into
generator winding is 1,08 x 10’ Pa, the located in end thin
walls, as seen in the picture inte and the maximum value of
deformation at the surface of thin wall, with rate 5,57 x 10° of
elastic strain.

In the other hand, Fig. 6 shows ilustrates the countour of
von misses stress and elastic strain for the loads and boundary
condition with hole inner diameter 838 mm. The trend
alamost same with happening inte Fig. 5, but the velue much
greater compairising before. It can be seen from picture 6, he
ratio is almost doble result than before. The maximum value
of the equivalent stress is 2,01 x 10’ Pa located in end thin
walls of retaing ring and the maximum value of elastic strain
is 1,04 x 10,
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Fig. 6. (a) stress and (b) strain results by ANSYS Workbench 2( Hole inner
diameter 838 mm, Shaft diameter 838.06 mm).

Lastly, in Fig. 7 discribes the countour of von misses stress
and elastic strain for the loads and boundary condition with
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hole inner diameter 838 mm, Shaft diameter 838.06 mm. It
can be seen the result of the simulation shows that in this
simulation give a highest equavalent stress with 2,98 x 10" Pa
an? the maximum value of elastic strain is aproximate 1,06 x
10°.
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Fig. 7. (a) stress and (b) strain results by ANSYS Workbench 1( Hole inner
diameter 838 mm, Shaft diameter 838.09 mm).

As described in Figs. 5-7, three cases with different
combinations of initial interferences were performed.
Detailed values of initial interferences are summarized in
Table I11. The highest stress is happened in last model with
2,95 x 10" of the stress.

TABLE Ill: THE RESULT OF SIMULATION

. Intereference Max. Stress (Pa) Elastic Strain
Density
(mm)
1% shrink fitt 0.03 1.08 x 107 5.7 x 10
2% shrink fitt 0.06 2.01 x 107 1.02 x 10*
3% shrink fitt 0.09 2.95 x 107 1.62 x 10

V. CONCLUSION

From the Table Il it is clear that geometry tolerances
between the shaft and shrink fit component will affect the
amount of stress at the part of interference fit. In In this paper
can be seen that the variation of the diameter of the small
differences will cause a large effect on the stress and elastic
strain that occurs. For further studies should be included the
dynamic aspects in the calculation.
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