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Abstract. Tapered interference fits can avoid the influence of keyways on the parts strength and
transfer large torques. In this paper, a model was developed to study the influence of the taper on the
interference fit between a hub and a shaft. Using the classic elastic plane stress theory, the exact
solutions of the displacements of the hub and shaft are derived. Then the calculation method of the
magnitude of the tapered interference fit was presented. Finally taking a screw propeller system as an
example, the above solutions were calculated by using the numerical method. The results show that
the taper plays a key role in the interference fit. The present analytical solutions are expected to be
useful in the structure design of tapered interference fits for hubs and shafts.

Nomenclatures

E elastic moduli [Gpa] r radius [m]

K  reciprocal of taper u radial displacement [m]
M torque [N/m] o0 magnitude of tapered interference fit [m]
N  rotational speed [rpm] & strain

R  outer radius of propeller hub [m]  # Poisson’s ratio

f  static friction coefficient o stress [Pa]

subscripts

H hub r radial direction

S shaft s small end

b bigend ¢ tangential direction

Introduction

Interference fits are widely used in gear design for fixation of pinions, couplings, and the like on
shafts. They can transfer large torques, are easy to produce and offer significant cost advantages [1].
Commonly a cylindrical interference fit is applied. Such a clearance between hub and shaft is chosen,
that the stresses of all regions of the fit can be calculated by Lame’s solution. The design and stress
analysis of cylindrical interference fits are studied broadly and delicately, most of which are
concerned with a laminated composite tube which is interference fitted onto other structure like a
bearing bush or a hub. The model is developed as a hollow cylinder is subjected to internal or external
pressure, depending on the relative location in the joint assembly and the elastic solution can be found
for such a case in the literature [2-9]. But the solution of cylindrical interference fits is not very
suitable for screw propeller systems because the propeller hub and shaft are connected together by
tapered interference fit.

Accordingly, the aim of this paper is to develop a better calculation method used in the design of
hubs and shafts for tapered interference fits which are affected by tapers. Using the classic elastic
plane stress theory, the equations of the tapered interference fits are derived. Then the exact solutions
of the displacements of the tapered interference fits are obtained. Finally taking the tapered
interference fits of a screw propeller system as an example the above solutions are calculated and
plotted.
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Analytical model

In this research, the structure analyzed here is only the part of the tapered interference fit of a screw
propeller system. The tapered interference fit between the hub and shaft is shown in Fig. 1. The
radiuses of the small end and big end of the shaft are indicated as r, and r, respectively. R is the

outer radius of the hub and L is the length of the tapered interference fit. Further we stipulate that the
elastic moduli E and Poisson’s ratio u as well as the density p of the hub and shaft are equal.
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Fig. 1 The tapered interference fit between the propeller hub and shaft.

To study the connection characteristics for the tapered interference fit of the propeller hub and
shaft, the influence of the taper K on the displacements of the propeller hub and shaft are
investigated as follow:

The radial stresses and tangential stresses of the propeller hub and shaft were given in the literature
[10].
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The strain-displacement relation and constitutive equation can be given as
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Combine Egs. 1-6, the radial displacements of the propeller hub and shaft deduce to Egs. 7-8
respectively,
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The magnitude of the tapered interference fit of the propeller hub and shaft can be given in Eq. 9.

§=2|u, —us|r=(rs+rb)/2. 9)
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Numerical analysis

This section studies the influence of the taper K on the displacements of the propeller hub and shaft.
The invariable parameters used in the interference fit are given in Table. 1.

Table 1. Invariable parameters of the interference fit

parameters values parameters values
E 2.1x10" [pa] f 0.12
M 85x10° [N-m?3] Mo 251.5 [mm]
U 0.3 rs 226 [mm]
R 507.5 [mm]

The influence of the taper K on the displacement of the hub and shaft are shown in Fig. 2 and Fig.
3. The displacements of the hub and shaft both decrease with the growing of the taper K. The
displacement of the shaft ug increases as the radius r increases. However, the displacement of the
hub u,, is negatively correlated with the radius r , and it is always greater than zero. The maximum
of the displacement of the hub and shaft both occur on the contact surface of the interference fit.
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(a) The displacement of the hub. (b) Dependence of u, upon K.
Fig. 2 Influence of the taper on the displacement of the propeller hub.
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(a) The displacement of the shaft. (b) Dependence of ug upon K.
Fig. 3 Influence of the taper on the displacement of the propeller shaft.

Fig. 4 shows the influence of the taper K on the magnitude of the interference fit. The magnitude
of the interference fit o is positively correlated with the taper K . The influence of the taper K on
the magnitude of the interference fit & is significantly for K <10.
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Conclusions

As a determine parameter, the taper have to be considered for the design of the tapered interference fit
between the hub and shaft. The magnitudes of the radial stresses and tangential stresses of the
propeller hub and the shaft are negatively correlated with the taper. The maximum magnitude of the
displacement of the hub or shaft are related to the structure of the interference fit. Improving the
strength of the contact surface of the hub and shaft is an effective approach to increase the torque
transmission capacity.

Considering of the yield stress of the material, the selection of the taper of the interference fits has
to be optimized. For this purpose further studies have to be performed.
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Fig. 4 Influence of the taper on the magnitude of the interference fit.
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