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Fit joints are widely used in industry to connect bush to shaft and its
manufacturing process is always associated with geometric
deviations similar to other processes. In a cylindrical fit connection,
the geometrical deviation of the shaft and the bush is in order of one
hundredth of millimeter, which is a common precision in
manufacturing. This range of error seems to be significant compared
to the required dimensional interference to make the connections and
affects the strength of the interference fit joints. Usually, certain
geometrical deviations will occur in the production process
considering the selected manufacturing method. This research
attempted to investigate the effect of common geometric deviations at
the surface of interference of cylindrical interference fit on the
experimental extraction strength. In this regard, 8 specimens of
interference fit with same characteristic of dimensions, surface
roughness and interference were produced. Furthermore, shafts with
certain geometrical deviation (standard sample, two-lobes, three-
lobes and conical) were made and fitted. Then, the extraction force of
each part was extracted experimentally. Taking into consideration
precise measurements of the parts dimension, the effect of shaft
geometrical deviations on the strength of the joint was investigated.
The results showed that the geometrical deviation affects the
extraction strength. However, in the quality control process of these
parts, by measuring the dimensions of the parts, the effects of these
usual geometrical deviations on the joint strength could be predicted
and the quality control process can be performed more effectively.
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EXTENDED ABSTRACT

Introduction

Fit joints have been widely used in the industry to connect bush to shaft, and its
construction is always associated with geometrical deviations like other manufacturing
processes. In an adaptive connection, the dimensional deviation error of the shaft and bush
is of the order of one-hundredths of a millimeter, which is very common in the
manufacturing process. This amount of error is important compared to the interference
required to establish connections and may affect the strength of the connection.
Investigation shows that usually, according to the manufacturing method, a certain form of
deviation will occur in the production of parts. In this research, an attempt was made to
experimentally investigate the effect of common geometrical deviations on the interference
level of cylindrical components and the strength of the connection.

Methodology

In the present study, 8 samples of shafts and bushes with specified dimensions, surface
roughness, and amount of interference were made. Due to the effects of mechanical
properties, dimensions, and value of interference on the pressure and strength of
connection, mechanical properties of parts were measured experimentally and the
geometry of parts was measured by a coordinate measurement machine for further
analysis. Then, shaft samples were made with specific form deviations (without defects,
with ovality, 3-lob, and conical samples) and were assembled by heating the bushes and
cooling the shafts. Then, the extraction force of each part was experimentally extracted.
Using precise measured geometries of the parts, the effect of the form deviations of the
shafts on the strength of the connection was investigated. The amount of interference
pressure was calculated using the solution provided for thick-walled cylinders and its
generalization for an interference connection with two different materials and thus by using
Lame’s formulation for axisymmetric parts, the interference pressure could be calculated
utilizing Equation (1).

The results of Table 4 represent the variation in interference due to the deviation of the
form on the contact surface which affected the value of the extraction strength and reduced
the average value of the interference. This reduced value of the interference decreased the
extraction force and the strength of the joints. On the other hand, the effect of this variation
on the strength of extraction was weaker. This meant that the reduction of approximately
50% of the average interference in the conical parts led to a 25% reduction in the strength
of the joints. In the case of 3-lob parts, a 40% decrease in the average interference resulted
in a 12% reduction in the joint extraction strength; and in the case of oval parts, a 54%
reduction in the average of interference resulted in a 20% decrease in the extraction
strength. Thus, in the parts with form deviations, the relationship between the average
interference and the strength of the joints was not linear. Considering the effects of contact
surface pressure and radius of contact surface curvature, this nonlinearity could be analyzed
as the result of simultaneous variation of friction coefficient, the radius of contact surface
curvature, and interference pressure.
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Conclusion

In this research, an attempt was made to investigate the effects of common geometric
deviations in the production process in the form of 3-lobe, Oval, and conical on the strength
of cylindrical interference fit-joints. The experiments were carried out according to the
force-displacement diagrams and the results of the measurements with the coordinate
measuring machine. The results can be summarized as follows:

1-

2-

Deviations of the 3-lob, ovality, and conical from standard geometry led to a
reduction in the strength of the connection.

Considering the linear relationship between the amount of interference and the
contact pressure and as a result, the strength of the joints, based on Lame’s solution,
Lame’s formulation did not seem efficient in the case of form deviations, which of
course can be caused by local variation of the friction coefficient. However, applying
the average interference to estimate the strength of the joints overestimated the
value of the strength. Therefore, in quality control processes, relying on this
formulation alone does not guarantee the appropriate decision regarding rejecting
or accepting a part.

The occurrence of geometrical deviations in the interference surface of the
cylindrical interference fitjoints led to an increase in damages and scratches on the
interference surface and an increase in the extraction force in the continuation of
the shaft extracted from the bush. This could guarantee the strength of the
connection in the use of these connections under twisting. Although, the basis for
design was the maximum visible force at the beginning of the relative movement of
the shaft and the bush.
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