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Abstract: This article investigates the
interference fit requirements for customized
dual-fitfastenersinalinear guide rail mounting
application. The shaft support mount used in
this study is designed to support linear guide
rails and is fixed to a surface using customized
dual-fit fasteners. The interference fit between
the two parts of fasteners is calculated to
determine the necessary friction to hold both
parts attached. This study aims to optimize
the frictional force in the shaft support mount
attachment and investigates the effects of
the fastener diameter, material, and surface
roughness on the interference fit. The results
of this study show that the interference
fit between the two parts of the fasteners
significantly affects the frictional force
required to hold the shaft support mount
attached to the surface. The findings of this
research can be used to improve the design
of linear guide rail mounting systems and
provide guidance for engineers and designers
when selecting customized dual-fit fasteners
for similar applications.

Keywords: Interference fit; Customized dual-
fit fasteners; Linear guide rails; Shaft support
mount; Frictional force optimization.

INTRODUCTION

In mechanical engineering, linear guide
rails are commonly used in a wide range of
applications to support and guide moving
parts with high precision. One critical aspect
of linear guide rail design is the attachment
of the shaft support mounts to the surface.
In order to achieve the desired stability and
accuracy of the system, the shaft support
mount must be securely fastened to the
surface in a way that can withstand the forces
and loads applied during operation.

One popular method for attaching shaft
support mounts to surfaces is through the use
of fasteners such as screws or bolts. However,
these types of fasteners can be cumbersome to

use and may not always provide the necessary
level of stability and accuracy required
for certain applications. As an alternative,
customized dual-fit fasteners can be used
to attach shaft support mounts to surfaces.
Customized dual-fit fasteners consist of two
tailored parts that are connected through
an interference fit, providing a secure and
reliable attachment method without the need
for traditional fasteners.

In this study, we investigate the interference
fit requirements for customized dual-fit
fasteners in a linear guide rail mounting
application. Specifically, we aim to determine
the optimal interference fit between the two
parts of the tailored bipartite pin in order
to achieve the necessary frictional force to
hold the shaft support mount attached to
the surface. By doing so, we hope to provide
important insights into the use of tailored
bipartite fastening pins in linear guide rail
mounting applications and inform the
development of more efficient and effective
mounting systems.

This article is organized into six sections,
five of which are numbered and one of which
is the reference list. The sections are outlined
below.

a) Section 1 - Introduction: in this
section, we provide an overview of the
background and context of the study,
including a discussion of the importance
of secure attachment methods for
linear guide rail mounting applications.
We also introduce the use of tailored
bipartite fastening pins as an alternative
to traditional fasteners and outline the
specific objectives of the study.

b) Section 2 - Literature Review: in this
section, we review the existing literature
on linear guide rail mounting methods
and the use of tailored bipartite fastening
pins. We discuss previous studies that
have investigated the use of fasteners
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in similar applications and review the
relevant theories and concepts related to
interference fit.

¢) Section 3 — Materials and Methods: in
this section, we describe the materials and
methods used in the study. We provide
details on the geometry and material
properties of the shaft support mount
and the surface it will be attached to.
We also outline the specific operational
conditions that the setup will experience
to determine the necessary interference
fit between the two parts of the tailored
bipartite fastening pin.

d) Section 4 — Results and Discussions:
in this section, we discuss the optimal
interference fit between the two parts
of the tailored bipartite fastening pin
and compare our findings to existing
theories and models. We also discuss the
implications of our results for the design
and development of linear guide rail
mounting systems.

e) Section 5 - Conclusions: in this
section, we summarize the main findings
of the study and discuss their significance.
We highlight the advantages of using
tailored bipartite fastening pins for linear
guide rail mounting applications and
emphasize the importance of proper
interference fit in achieving secure and
stable attachments. We also suggest
directions for future research in this area.

t) References: finally, we provide a list of
references used in the study, including
previous studies on linear guide rail
mounting and tailored bipartite fastening
pins, as well as relevant theories and
concepts.

LITERATURE REVIEW

To conduct the literature review for this
study, several authoritative sources were

consulted, including well-known machine
design textbooks and academic journals
available in online databases. Some of
the databases consulted include Elsevier,
ScienceDirect, IEEE Xplore, Springer, and
ASME Digital Collection. In addition, various
search engines, such as Google Scholar, were
utilized to identify relevant publications. The
literature review process was enhanced by
the use of artificial intelligence tools, which
enabled the quick and efficient sorting of
articles based on their relevance to the study.
The use of these tools also facilitated the
organization and synthesis of information
during the writing of the paper.

LINEAR GUIDE RAILS

Linear guides are believed to have been
utilized since ancient Egypt, but it wasn't
until 1932 when the modern linear guide was
patented. The first rolling elements used in the
linear guide were made from steel due to its
ability to provide precise and smooth linear
motion. Thomson Linear, a US company,
introduced the first recirculation ball in their
ball screws in 1946, marking a significant
advancement in the technology. Over time,
companies continued to improve and innovate
the linear guide, leading to the highly refined
and widely used product we have today.

Linear guide rails are mechanical
components commonly used in various
industrial applications, such as manufacturing
and automation. These rails are designed
to support and guide linear motion along a
specific path, typically in a straight line. They
consist of a rail and a carriage that moves
along the rail, and they can be found in various
configurations, such as single or multiple
rails, and with different types of carriages,
such as ball or roller bearings. Linear guide
rails offer several advantages, such as high
precision, smooth and quiet operation, and
high load capacity, making them ideal for use
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in applications where precision and smooth
motion are required. They are widely used
in CNC machines, robotics, semiconductor
manufacturing  equipment, and other
precision machinery applications (GROSS et
al., 2013).
There are several types of linear guide rails,
including:
a) Ball-type linear guide rails: This type
of linear guide rail uses recirculating ball
bearings to provide smooth and accurate
linear motion. An example is shown in

Figure 2 - 500 series roller linear guide by
] Thomson  (https://www.thomsonlinear.com/
Figure 1. en/products/profile-rail/500-series-roller-
guide#products)

c) Plain linear guide rails: This type of
linear guide rail is made from a simple
sliding surface that provides linear
motion with low friction. An example is
show in Figure 3.

Figure 1 - 500 series ball linear guide by

Thomson  (https://www.thomsonlinear.com/

en/products/profile-rail/500-series-ball-
guide#products)

b) Roller-type linear guide rails: This type
of linear guide rail uses rollers instead
of balls to provide linear motion. Roller
guide rails can handle heavier loads than (https://www.hepcomotion.com/product/
ball guide rails. An example is shown in linear-guides/mini-rail-miniature-linear-
Figure 2. guides/)

Figure 3 - Linear guide by HepcoMotion

d) Magnetic linear guide rails: This
type of linear guide rail uses magnets to
provide non-contact linear motion with
zero friction. An example is shown in
Figure 4.
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Figure 6 - Hydrostatic compact guidance system

by Schaeffler (https://www.schaeftler.com/
remotemedien/media/_shared_media/05_

Figure 4 - MGS magnetic linear slides by products_services/linear_guidance_systems/
Tolomatic (https://www.tolomatic.com/ monorail_guidance_systems/00016D9C.jpg)
products/product-details/mgs-magnetic-

linear-slides/) Collins (2015) discusses three important

factors to consider when mounting linear
guide rails. Firstly, it emphasizes the need
to ensure that the mounting surfaces are
clean, flat, and parallel. Any variation in the
surface can result in misalignment, which
can significantly impact the performance
of the guide rails. Secondly, the article
highlights the importance of appropriate
fastening torque. Over-tightening can cause
deformation, while under-tightening can
result in the guide rails coming loose. Finally,
it stresses the significance of ensuring proper
lubrication of the guide rails. Insufficient
lubrication can cause increased friction and
wear, while excessive lubrication can result in
contamination and reduce the effectiveness
of the lubricant. The article concludes by
reminding readers that by paying attention to
these three factors, they can ensure optimal
performance and longevity of their linear
guide rails.

e) Airbearinglinear guide rails: This type
of linear guide rail uses a thin layer of
compressed air to provide linear motion
with extremely low friction. An example
is shown in Figure 5.

Figure 5 - Air-bearing linear stages by ABTech

(https://abtechmfg.com/precision-motion-
components/linear-stages/air-bearing-linear-
stages/)

f) Hydrostatic linear guide rails: This LINEAR GUIDE RAILS

type of linear guide rail uses a thin layer APPLICATIONS
of oil or another fluid to provide linear

motion with extremely low friction. An
example is shown in Figure 6.

Wei et al. (2021) discuss the establishment
of a static precise finite element model for the
rolling linear guide (RLG) using the Hertz
theory and finite element method (FEM). The
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article describes the specific modeling process
of the overall and unit slice finite element
models of the RLG and provides comparative
analysis results. The article also studies
the mapping laws between external load,
preload value, curvature ratio, carriage’s wall
thickness, guide’s width, and static mechanical
properties of RLG. The combined application
of these precise finite element models can
solve the problems of large calculation and
low efficiency in statics of RLG and provides a
new way to achieve high-efficiency and high-
rigidity design of RLG from the source.

Chang and Hung (2014) present an
analytical and finite element (FE) modeling
approach for analyzing the dynamic behavior
of a linear feeding stage with different
arrangements of rolling guides. The analytical
model is developed based on the transfer
matrix method, which considers the stiffness
and damping of the components in the system.
The FE model is established to verify the
analytical model and provide more detailed
information about the dynamic behavior.
The effects of different guide arrangements,
including parallel, diagonal, and hybrid
arrangements, on the natural frequency,
damping ratio, and mode shapes of the feeding
stage are investigated. The results show that the
diagonal arrangement has the highest natural
frequency and the lowest damping ratio, while
the hybrid arrangement has the lowest natural
frequency and the highest damping ratio. The
analytical and FE modeling approach can
provide insights into the dynamic behavior of
linear feeding stages and assist in the design
and optimization of these systems.

Song et al. (2018) present an improved
design of a roller linear guide for heavy load
applications. The authors used finite element
analysis (FEA) and measurement techniques
to identify the weak points of the original
design, and proposed a modified design
that improves the guide’s load capacity and

stiffness. The FEA results showed that the
new design reduces the stress concentration
in the critical areas of the guide, resulting
in a significant increase in load capacity.
The authors also performed a series of tests
on the new design, and the experimental
results confirmed the effectiveness of the
proposed modifications. Overall, this study
demonstrates the importance of using FEA
and measurement techniques to improve the
design of roller linear guides for heavy load
applications.

Sun et al. (2013) present a precise finite
element model for the dynamics analysis of
linear rolling guide. The study focuses on
the supporting direction of the linear guide,
where an elastic foundation model is used
to simulate the supporting condition. The
model is established based on Hertz contact
theory and finite element method (FEM). The
analysis considers the effects of load, speed,
and stiffness on the dynamic performance
of the linear guide. The results show that the
proposed model can accurately predict the
dynamic behavior of the guide and is suitable
for analyzing the dynamic characteristics of
rolling guides.

Shaukharova et al. (2021) present a study
on the stiffness of linear guide pairs by both
experimental and finite element analysis
(FEA) methods. The stiffness of the guide pairs
was measured experimentally by applying
different loads on the carriage and measuring
the corresponding displacement. The FEA
model was developed using ANSYS software
and validated by comparing the results with
the experimental data. The effects of preload,
length, and mounting method on the stiffness
of the guide pairs were investigated. The results
showed that the stiffness of the guide pairs
increased with preload and length, and that
the mounting method had a significant effect
on the stiffness. The study provides useful
insights into the design and optimization of
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linear guide pairs for various applications.

Rommers et al. (2022) propose a new type
of flexure-based linear guide with torsion
reinforcement structures. The guide consists
of three parts: the base, the slider, and the
flexure mechanism. The flexure mechanism
is designed to be preloaded in all directions
to ensure that the slider is stable and to
minimize the frictional resistance. The torsion
reinforcement structures are used to enhance
the torsional stiffness of the guide, which is
crucial for precision positioning applications.
The authors conducted finite element analysis
and experimental tests to evaluate the
performance of the guide. The results show
that the proposed guide has a higher stiffness
than conventional flexure-based guides, and
it is suitable for high-precision linear motion
control applications.

Nguyenetal. (2022) presentan optimization
design approach for a compliant linear guide
(CLG) that achieves high-precision feed drive
mechanisms. The authors used a simplified
beam model of the CLG to determine its
mechanical behavior. An analytical model
was developed to estimate the stress and
deformation of the CLG under different load
and geometric conditions. The results of the
model were validated using finite element
analysis (FEA) simulations. The authors then
used a particle swarm optimization (PSO)
algorithm to optimize the design parameters
of the CLG to minimize its maximum stress
and maximize its natural frequency. The
proposed approach was demonstrated to be
effective in optimizing the CLG design for
high-precision feed drive mechanisms. The
results show that the optimized CLG has a
higher natural frequency and lower maximum
stress compared to the original design.

Sadiyah et al. (2021) present a design
approach for the ballscrew linear guide
actuator used in an earthquake shaking table
(EST). The actuator’s design is optimized

using finite element analysis (FEA) and a
neural network model. The neural network
model is used to predict the performance
of the actuator based on various design
parameters, such as the diameter and pitch
of the ballscrew, the length and width of the
linear guide, and the size of the motor. The
FEA is used to verify the performance of
the optimized design and to ensure that the
actuator can withstand the high forces and
accelerations required for EST testing. The
proposed design approach is shown to be
effective in improving the performance and
reliability of the EST actuator.

Shih et al. (2021) propose a method to
monitor the preload variation of a linear
guide positioning stage using artificial neural
networks (ANNs). The authors developed a
numerical model of the linear guide stage with
various preload values, and the corresponding
displacement data was collected. The ANNs
were then trained using the displacement
data to predict the preload variation of the
linear guide stage. The proposed method
was validated experimentally, and the results
showed that the ANN-based approach can
accurately predict the preload variation of the
linear guide stage. The proposed method has
potential applications in real-time monitoring
and control of precision positioning systems.

Liu et al. (2021a) present numerical model
to study the nonlinear dynamics of the linear
guide slide platform taking into account
the assembly error. The model includes a
geometric error and a material nonlinearity
of the guide rail. The governing equations are
solved using the fourth-order Runge-Kutta
method. The results show that the nonlinear
dynamics of the system are influenced by the
assembly error, which causes the vibration
amplitude of the platform to increase
significantly. The research provides useful
information for improving the performance
of the linear guide slide platform and reducing
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the impact of assembly error.

Liu et al. (2021b) presents a system for
straightening linear guide rails. The system
consists of a straightening machine, a
measuring system, and a control system. The
measuring system uses laser displacement
sensors to measure the deflection of the rail,
and the control system uses a proportional-
integral-derivative (PID) controller to adjust
the straightening machine to correct the
deflection. The article describes the design and
implementation of the system and presents
experimental results showing that the system
can effectively straighten a curved rail to
within a specified tolerance. The system has
potential applications in the manufacturing
and maintenance of high-precision equipment
that relies on straight guide rails.

Liu and Hao (2022) propose a new
cylindrical compliant linear guide with
decoupling parallelogram mechanisms that
can achieve a high precision and stiffness. The
design of the guide is based on the concept
of compliant mechanisms, which eliminates
the need for traditional bearings and reduces
the complexity of the mechanism. The article
describes the design process, including
the analytical modeling and finite element
analysis of the guides performance. The
experimental results show that the proposed
guide has a high precision and stiffness and
can achieve a stroke of up to 5mm. The guide
is also compact and easy to assemble, making
it suitable for various precision engineering
applications.

Krampert et al. (2021a) describe a novel
technique for measuring localized surface
strain on a linear guide using diamond-like
carbon (DLC) coating. The authors applied
DLC coating on the guide rail and measured
the changes in its surface strain caused by
load variations. They found that the surface
strain changed linearly with the applied load,
allowing for accurate load measurements.

The authors also developed a finite element
model to validate the experimental results.
This technique has the potential to be used
in various applications where accurate load
measurement is required.

Krampert et al. (2021b) investigate the
stiffness hysteresis of profiled rail guides and
its impact on the accuracy of machine tools.
The authors present experimental results on
the stiffness hysteresis of profiled rail guides
and analyze the causes of the phenomenon.
They also propose a mathematical model to
describe the stiffness hysteresis and validate it
with experimental data. The results show that
the stiffness hysteresis is caused by the elastic
deformation and sliding friction of the contact
surfaces between the guide and the carriage.
The mathematical model can accurately
describe the stiffness hysteresis phenomenon,
and the proposed compensation method can
effectively reduce the influence of stiffness
hysteresis on the accuracy of machine tools.

Li et al. (2021) propose a new error
equivalence model for the kinematic error
of the linear axis of high-end machine tools.
The study first analyzes the characteristics of
the traditional error equivalence model and
proposes a new error equivalence model based
on the concept of equivalent homogeneous
strain. The new model is applied to analyze the
kinematic error of a linear axis of a high-end
machine tool, and the results show that the
model can effectively predict the kinematic
error of the linear axis. The proposed model
can be used for the design and optimization
of linear axes in high-end machine tools,
contributing to the improvement of machining
accuracy and productivity.

In chapter 5 of their book, Collins et
al. (2009) describe an electronic detector
package used in a high-speed paper mill
to monitor paper thickness. The detector
package moves along horizontal precision
guide rails that are solidly supported at 24-
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inch intervals. The package must not exceed
a vertical displacement of 0.005 inches during
the scanning process to obtain acceptable
thickness measurements. The total weight of
the detector package is 400 lbs, and each of
the two guide rails is a solid AISI 1020 cold-
drawn steel cylindrical bar with a diameter of
1.0000 inches. The support rails are modeled
as a beam with fixed ends and a midspan
concentrated load, and half of the detector
weight is supported by each rail. A simplified
sketch is shown in Figure 7.

In chapter 20 of their book, Collins et al.
(2009) discusse the need for a sheet-thickness
measurement and control system to maintain
a nominal target thickness of t=0.010 inch
with a tolerance of 10% across a production
width of 20 feet for specialized “sheet goods”
production. The proposed system involves
an on-line scanning sensor package tied to
a computer-controlled aperture-adjustment
device. The sensor package consists of an
upper and lower carriage unit with a clearance
space of approximately 0.040 inch between
their sensor faces to allow continuous non-
contacting passage of the sheet goods. The
fully instrumented upper and lower carriage
units weigh about 50 pounds each. The article
also discusses the need for special high-
precision support rails and rollers and a laser-
based alignment procedure to ensure vertical
position accuracy of the moving sensors to
within 0.0005 inch, if the support rails are
solidly mounted to the frame. A sketch is
shown in Figure 8.

Here is an important additional point to
consider regarding linearly-guided systems
and precise constraints: When linear systems
are rigidly guided on two separate axes, they
become over-constrained. This can result in
issues such as jamming, sticking, increased
wear, and difficulties in manufacturing.
Finding solutions for these problems may not
be straightforward and often involves making

challenging decisions, such as eliminating the
fixed center-to-center distance in either the
carriage or the rails. Failing to address these
issues can lead to troublesome consequences
(SKAKOON, 2008). An example of poor
design for linearly-guided systems is shown in
Figure 9.

The RoundRail Linear
Components document published by
Thomsonlinear (2023) showcases several
applications of linear guides and their
structures. A cam-actuated part transfer
mechanism is shown in Figure 10.

Accurately position an inspection probe
of an X-Y system over small electronic
components could be accomplished by the
mechanism shown in Figure 11.

Reduce deflection of plate loader to
minimize scrap and improve cycle speed could
be done by the equipment shown in Figure 12.

Redesign a wire straightening/feeding
mechanism for a wire drawing machine that
improves cycle time and minimizes downtime
could be accomplished by the equipment
shown in Figure 13.

It is possible to build an X-Y system that
transfers the work piece between two separate
machining stations such as the mechanism
shown in Figure 14.

Guides and

DETACHABLE FASTENINGS

Detachable fastenings, asthe name suggests,
are mechanical connections that allow for the
easy and convenient removal or separation of
two or more components. These fastenings are
designed to provide a secure attachment while
also enabling disassembly or reassembly when
needed. They are commonly used in various
industries and applications where frequent
assembly, maintenance, or repair is required
(JIANG, 2019).

There are several types of detachable
fastenings, each with its unique characteristics
and applications. Some of the commonly used
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Figure 10 - Cam-actuated part transfer mechanism for multiple-transfer press (THOMSONLINEAR, 2023)
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Figure 12 - Punch press (THOMSONLINEAR, 2023)
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types include:

a) Bolts and Nuts: this is one of the most
common types of detachable fastenings.
A bolt is a threaded cylindrical fastener
that passes through aligned holes in two
or more components. It is secured by
tightening a corresponding nut onto the
threaded end of the bolt. Bolts and nuts
provide a strong and reliable connection
and can be easily tightened or loosened
using tools such as wrenches or spanners.

b) Screws: are similar to bolts but typically
have a pointed end and a threaded shaft
along the entire length. They are usually
used to fasten components by rotating
them into pre-drilled holes or into threads
on the mating component. Screws are
commonly used in applications such
as woodworking, construction, and
electronics.

c) Rivets: are permanent fasteners used
to join two or more components by
deforming the end of the rivet to create
a mechanical lock. They are commonly
made of materials like steel, aluminum, or
copper and are widely used in applications
where a permanent, vibration-resistant
connection is required, such as in
aerospace and automotive industries.

d) Snap-fit connections: rely on the
elasticity or flexibility of the components
to create a secure attachment. They
involve interlocking features, such as tabs
and grooves or hooks and slots, which
allow for easy assembly and disassembly
without the need for additional fasteners.
Snap-fit connections are commonly
found in consumer products like
plastic casings, electronic devices, and
automotive interiors.

e) Clips and clamps: Clips and clamps
are fasteners that provide a temporary or
adjustable attachment. They often feature

a spring mechanism or a clamping
mechanism that allows for quick and
easy installation and removal. They are
commonly used for securing hoses,
cables, and other flexible components
in applications such as automotive,
plumbing, and electrical installations.

These are just a few examples of detachable
fastenings, and there are many other types
available, each designed to suit specific
applications and requirements. The choice of
fastening method depends on factors such as
the type of materials being joined, the required
strength of the connection, ease of assembly
and disassembly, and the specific needs of the
application.

Pins are cylindrical or rod-shaped
fasteners used to secure or connect two or
more components together. They are versatile
and widely used in various industries and
applications. Pins are designed to provide
a temporary or permanent connection,
depending on the specific requirements of the
application (RAEYMAEKERS, 2022).

There are different types of pins available,
each with its own characteristics and
applications. Here are some commonly used
types of pins:

a) Straight pins: also known as dowel
pins or alignment pins, are cylindrical
pins with a uniform diameter along their
entire length. They are used to align and
position components accurately during
assembly. Straight pins are typically
press-fit into pre-drilled holes and
provide precise location and stability. An
example of dowel pin is shown in Figure
15.
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¢) Spring pins: also known as roll pins or
coil pins, are hollow, cylindrical pins with
a longitudinal slot along their length.
They are designed to expand when
inserted into a hole, creating a secure and
tight fit. Spring pins are commonly used
to prevent relative motion or rotation
between two components and can
withstand vibration and lateral forces. An
example of spring pin is show in Figure
17.

Figure 15 - Wooden dowel pins (WIKIPEDIA,
2023a)

b) Clevis pins: also called hitch pins or
quick-release pins, have a head at one
end and a through-hole or cross-hole at
the other end. They are commonly used
for securing fastening components such
as clevises, brackets, and linkages. Clevis
pins can be easily inserted or removed

without tools, making them convenient Figure 17 - Slotted spring pin (1) and washer
for quick assembly and disassembly. An (2) used to secure a shaft (3) (WIKIPEDIA,
example of clevis and clevis pins is shown 2023¢)

in Figure 16.

d) Taper pins: have a tapered shape with
alarger diameter at one end and a smaller
diameter at the other end. They are used
for aligning and securing components
with tapered holes. Taper pins provide
a tight and reliable connection and
are commonly used in applications
such as machinery, automotive, and
construction. An example of taper pin is
shown in Figure 18.

e) Cotter pins: also known as split pins,
cotter keys, bipartite pins or two-piece
pins, are U-shaped pins with two tines
that can be inserted into a hole or through
a slot in a shaft or component. Once
Figure 16 - A clevis and clevis pin, held in inserted, the tines are spread apart to

place by a split pin (WIKIPEDIA, 2023b) prevent the pin from sliding out. Cotter
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pins are often used to secure bolts, nuts,
and other fasteners and provide a reliable
locking mechanism. An example of split
pin is shown in Figure 19.

These are just a few examples of pins used
in various applications. Pins can be made from
a variety of materials such as steel, stainless
steel, brass, or aluminum, depending on the
specific requirements of the application,
including factors such as strength, corrosion
resistance, and temperature resistance. The
selection of the appropriate pin type depends
on the specific application, load requirements,
ease of assembly and disassembly, and other
considerations related to the functionality and
performance of the connected components
(JADON & VERMA, 2014).

INTERFERENCE FIT

Interference fit refers to a type of assembly
in which two mating parts are intentionally
designed with tolerances that result in a tight,
interference or press fit between them. In an
interference fit, the diameter of the hole or bore
in one component is intentionally smaller than
the diameter of the shaft or pin that is meant
to be inserted into it. Interference fits are also
called press and shrink fits (METWALLI,
2021).

The purpose of an interference fit is to
create a secure and rigid connection between
the two mating parts. When the shaft or
pin is pressed into the hole, the material of
the components deforms slightly due to the
interference between them. This deformation
creates a frictional force and a mechanical
interlock that helps prevent relative movement
or separation between the parts.

Interference fits offer several advantages in
various applications. They provide increased
load-carrying capacity, improved resistance to
vibration and shock, and enhanced precision
and alignment. Interference fits can also help
improve the overall strength and structural

integrity of an assembly.

However, it's important to carefully
consider the tolerances and dimensions when
designing for an interference fit. The amount
of interference should be calculated to ensure
a proper fit without causing excessive stress,
deformation, or damage to the mating parts.
Thermal expansion and contraction should
also be taken into account, as changes in
temperature can affect the fit.

Interference fits are commonly used in
various industries, including automotive,
aerospace, machinery, and manufacturing, for
applications such as bearing assemblies, press-
fit connections, shafts, gears, and couplings.

Its worth noting that the specific
requirements for an interference fit can vary
depending on the application and the materials
involved. Design considerations, such as the
material properties, the intended load and
stress conditions, and the desired level of
interference, should be carefully evaluated to
ensure the desired fit and performance of the
assembly.

When two cylinders are joined together
through a press fit or shrink fit, they form an
assembly where the outer diameter of the inner
cylinder is compressed due to the applied
pressure, while the inner diameter of the outer
cylinder experiences the same pressure from
the inside. As a result, both cylinders undergo
deformation at the interface, forming a shrink
fit radius. In the context of this assembly,
stress distributions can be observed both
tangentially and radially. Figure 20 provides a
visual representation of these stress patterns.

MATERIALS AND METHODS

Similar to other machine elements, the
design of a machine base or frame requires
careful consideration of the forces and
moments exerted on these supporting
structures by the mounted components during
machine operation. Additionally, the weight
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Figure 20 - Tangential and radial stress distributions are shown for two cylinders pressed together
(METWALLI, 2021)




of the structural frame members must be
taken into account in certain cases. Designing
a frame involves evaluating potential failure
modes, selecting suitable materials, and
establishing an optimal structural geometry.
An effective structural geometry should
ensure the accuracy of spatial relationships
between mounted components and provide
reliable component support throughout the
machine’s design life, avoiding any instances
of failure (COLLINS et al., 2009).

A crucial role of a base or frame is to
serve as a robust structural support system
for precisely positioning and assembling
the various operational components. Figure
21 showcases different types of frames,
such as baseplates, open-truss frames, shell
structures, C-frames, O-frames, housings, and
unique combinations thereof. These frames
offer distinct design configurations tailored
to specific applications and requirements,
ensuring the secure mounting and integration
of components.

Shaft support blocks serve as a suitable
choice for providing end or intermittent
support in applications where the loads are
relatively light and shaft deflection is not
a critical factor. Unlike shaft support rails,
these blocks do not allow for the longitudinal
movement of open-type ball bushing bearings.
By utilizing shaft support blocks, shafts can be
securely clamped, eliminating the necessity
for bolts to maintain shaft position. For high
precision applications, it is recommended
to employ shimming techniques to mitigate
the impact of surface variations in the base
or manufacturing tolerances between the
supports (THOMSONLINEAR, 2023). There
are several configurations of shaft support
blocks. Some of them are shown in Figure 22.

In situations where surface conditions or
spans do not permit continuous support, the
use of end supports becomes necessary for the
installation of round shafting. Support blocks

are employed to bridge gaps ranging from 4 to
12 times the diameter of the shaft. However,
it is important to consider the potential for
deflection when dealing with such extended
lengths. Unlike square rail systems, round
rail configurations are more forgiving when
it comes to accommodating deflection and
misalignment, especially when combined
with suitable bearings. By opting for self-
aligning bearings that offer a tolerance of
up to +1/2 degree of misalignment, smooth
and unhindered motion can be maintained,
even in cases where standard bearing designs
would result in binding. Support blocks
are readily available for end or intermittent
mounting, and they can also be obtained in
a flanged form for perpendicular mounting
applications. Examples of support blocks
applications are shown in Figure 23.

In this article, a shaft supporting block
was designed for a specialized mechanical
application. Due to confidentiality reasons,
the specific details of the equipment and
company using it cannot be disclosed.
However, for the sake of illustrating the
design process, the application forces will be
mentioned in this article without providing
specific information about the equipment.
This approach ensures the preservation of
confidentiality while allowing us to discuss the
considerations and design principles involved
in developing the shaft supporting block for
the given application. The shaft supporting
block mounting is shown in Figure 24.

The Computer Aided Design (CAD) files
of this shaft is available at: https://grabcad.
com/library/representacao-didatica-de-um-
mancal-1.

In technical drawing an exploded view
is a graphical representation that shows
the individual components of an assembly
separated from each other, often with
reference lines or arrows indicating the
intended assembly sequence. It provides a
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Figure 21 - Illustration of several common types of machine frames (COLLINS et al., 2009)

Figure 22 - Thomson shaft support blocks (THOMSONLINEAR, 2023)

Figure 23 - Support blocks are utilized to secure the shaft either at its ends or intermittently, ensuring its
stable and fixed position (THOMSONLINEAR, 2023)
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clear understanding of how the different parts
fit together and is commonly used in technical
documentation, manuals, and engineering
designs.

In the exploded view shown in Figure 25,
the shaft support block is referred to as “A”
and the equipment carcass as “B”. On the other
hand, tailored bipartite pins heads, shown
in green, are referred to as “C”. The tailored
bipartite pins bodies, that are not depicted in
the previous figure, are referred to as “D”.

The tailored bipartite pin parts featured in
the shaft support block mounting scheme are
illustrated in Figure 26.

The cross-sectional and isometric views
of the tailored bipartite pin assembly, offering
readers detailed insights into its design and
configuration, are shown in Figure 27.

There are a few reasons to justify the
application of the tailored bipartite pins, or
customized dual-fit fasteners, instead one of
the traditional pins. Some of them are listed
below:

a) Enhancedalignment:theconfiguration
of the mating parts provides improved
alignment between the two components
being fastened. The mating surfaces
ensure precise positioning, reducing
misalignment and enhancing overall
accuracy in the assembly (SPECK, 2015).

b) Increased stability: the mating parts
offer enhanced stability and resistance
to loosening or disengagement. The
design creates a secure and robust
connection, minimizing the risk of
unwanted movement or separation of the
components (TAMBOLI, 2016).

c) Improved load distribution: the
mating parts help distribute the applied
loads more evenly across the joint
interface. The contact area between the
mating surfaces allows for a larger load-
bearing surface, reducing localized stress

concentrations and improving overall
load-carrying capacity (CHILDS, 2021).

d) Enhanced rigidity: the mating parts
provide increased rigidity and stiffness
to the assembly. The interlocking
design enhances the structural integrity,
minimizing flexing or bending under
applied loads and maintaining the desired
mechanical stability (STERKENBURG &
WANG, 2021).

e) Easy assembly and disassembly:
the mating parts allow for convenient
assembly and disassembly of the
components. The fitting of the parts
together facilitates quick and eflicient
installation, while also providing ease
of disassembly for maintenance, repairs,
or component replacement (PARMLEY,
2000).

RESULTS AND DISCUSSIONS

In this study, we investigated the
interference fit requirements for customized
dual-fit fastening pins. The linear guide
rail mounting dimensions are presented in
millimeters in Figure 28.

The force F is exerted by the shaft onto
the shaft support block during equipment
operation. Surface B is where the shaft
support block is attached, meaning that the
tailored bipartite pin components “C” and
“D” detachably fasten surfaces “A” and “B”. All
dimensions are displayed in millimeters and
the part letters (A, B, C, D) are displayed in
bold.

The assembly in the figure shows a cast
iron shaft support block A fixed to a bronze
structure B by four equidistant customized
dua-fit steel pins. Piece A is subjected to a
vertical force F=60 kN applied along the axis
of symmetry of parts A and B. The customized
dual-fit pins are manufactured in two parts (C
and D) and assembled by a longitudinal press
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fit without lubrication. The interference does
not cause significant compression between
parts A and B.

During the pin manufacturing process,
the average surface roughness of both parts
is 1.5 pm. Part C was manufactured with
IT7 specification, while part D has an IT8
specification. The design of these two parts
was based on the assumption of a basic hole.
The dynamic friction coeflicient between the
components of the pin is 0.30.

Consider the following material properties:

a) Steel used for both parts of the pins:
axial modulus of elasticity (E) of 210
GPa; Poissons ratio (v) of 0.3; yield
strength (o) of 1125 MPa; ultimate
tensile strength (o) of 1375 MPa.

b) Cast iron used for the fabrication of
part A: E=100 GPa; v=0.25; 0,=135 MPa;
0=178 MPa.

¢) Bronze used for the fabrication of
part B: E=109 GPa; v=0.32; 0, = 56 MPa;
0,.=67 MPa.

The objective was to determine the precise
interference fit for the customized dual-
fit pins, ensuring they could withstand the
applied force effectively.

According to Bhandari (2010), complex
components that pose challenges for
conventional machining processes can be
effectively produced through the casting
method utilizing sand molds. The versatility
of casting allows for the use of a wide range
of metals, with cast iron, aluminum alloys,
and brass being commonly employed for sand
cast parts. These castings exhibit surfaces
with irregularities and a grainy texture,
necessitating machining when the part
interacts with other moving components or
structures. Cast components offer excellent
stability, rigidity, and strength compared to
their machined or forged counterparts.

Examples of typical cast components

include machine tool beds and structures,
cylinder blocks for internal combustion
engines, pump bodies, and gearbox housings.
It should be noted that the strength of a
cast iron component can be more adversely
affected by poor shaping than the actual
material composition. To ensure a successful
design, collaboration with both the foundry
professional and the patternmaker is crucial,
as they possess invaluable expertise in casting
processes. Balanced sections with equal areas
subjected to tension and compression are not
recommended for cast iron components.

Optimal positioning of castings involves
exposing them predominantly to compressive
rather than tensile stresses. In cases
where tensile stresses are unavoidable, the
implementation of a clamping device, such
as a tie rod or a bearing cap, is advisable
(BHANDARI, 2010). A typical application of
casting under different stresses is shown in
Figure 29.

The nominal dimension of the parts is
the external diameter of the shaft (10 mm)
and the internal diameter of the outer piece
(£10 mm). We know that the basic hole
assumption should be considered. Therefore,
we know that the hole has its tolerance in the
H field. At the same time, we also know the
International Tolerances (IT) for each part:
hole IT8 and shaft IT7. In other words, almost
all information about the fit is known, except
for the letter that identifies the allowance of
the shaft. Therefore, the fit specification is:
@10H8_7. When consulting the adjustment
tables for HOLES and shaftsin NBR 6158:1995,
we find that: A_ =22 ym; A__ =0 ym.

The assembly of these parts is done through
longitudinal force fit. Therefore, there is a loss
of interference during the assembly process,
which needstobe calculated using the specified
empirical relationship: Al=1,2(Ra_,,tRa_ ).
In this case, we know that the average surface
roughness of both parts of the pin is 1.5 um.
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Therefore AI=1.2(1.5+1.5)=3.6 mm.

Interpreting the system’s operation is
crucial for performing calculations in a
coherent manner. An interference fit has the
theoretical ability to transmit both torque
(T) and axial force (F ) simultaneously. The
key is to determine the magnitudes of the
torque and axial force to ensure transmission
without slippage and in a safe manner. In
the application described in the statement,
there is no torque transmission; only the
requirement for the applied force to be
supported without the separation of surfaces
A and B. Therefore, the external force acting
on the system introduces an axial force to the
4 pins used for fastening. Consequently, each
pin will need to withstand 1/4 of the external
force. In our application, the external forces
are: F =60/4=15 kN and T=0.

The dynamic friction coefficient between
the components of the pin is 0.30. Therefore,
M,=0.30. Using the known empirical
relationship: (1 =0.5u,.0.30=0.5"u.. u=0.60.

To finally apply the slippage criterion
and calculate the minimum pressure for
the specified fit to transmit the loads, it is
important to determine the effective contact
length where interference occurs. Please note
that when assembling the upper part of the pin
(shaft) into the lower part of the pin (HUB),
the effective contact length (L) is obtained by
performing the following algebraic operation:
L=65-10=55 mm. The length of the shaft is
65 mm, but due to the geometry of the HUB,
which has a recess of 10 mm, only 55 mm of
the two parts remain in contact. Therefore,
we can finally apply the slippage criterion
between components joined by interference.

2:T\*
T-p-d L ppin 2 Fa2+(T) ST

2-0\*
0.60-10 55 ppim = (150002 + (T)

Pmin = 14.47 MPa

As the dimensions are known, the internal
(shaft) and external (HUB) parts need to have
their geometric factors determined (Q). The
shaft is solid, therefore Q,=0. The HUB has its
internal and external diameters defined as 10
mm and 26 mm, respectively.

_di_O_ _ _Di_10_
G=g "1 0 Q=3 =25=038

We know that both parts of the pin are made
of the same material, which is steel. Therefore,
it is possible to determine the elastic factors
(K) of these two parts.

o L1t 1 140
T \1—¢2 V)T z10000 \1-02 "7°) "

2

=3.333-10"°MPa™?

L
3.333-10 N

o Loarer y_ 1 14038 N
=g \1-¢z""%) 210000 \1-038 ' ")~

2

mm
7.844-107° =7.844-10"°MPa™?

Therefore, it is possible to calculate, based
on the relationship between pressure and
post-assembly interference, the minimum
interference required to prevent slippage
between the parts of the pin and the subsequent
separation of parts A and B.

 Zpin 1073
Pmin = (K; + Ke) * deixo
Zmin - 1073
(3.333:107% + 7.844-107%) - 10
Zmin = 0.001617 mm = 1.62 um

- 14.47 =
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Figure 29 - Castings subjected to (a) tensile stresses and (b) compressive stresses (BHANDARI, 2010)
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Using the concepts of post-assembly
interference (Z), we know that:

Zoin = Loin — Al . 1.62 =1 — 3.6 -
Iin = 1.62 + 3.6 = 5.22 um

Using the concepts of pre-assembly
interference (I), we know that:

Inin = Qmin _Amax ~ 522 =
Amin — 22 - Qin = 27.22 ym

Therefore, we can select the fit by fixing
the nominal diameter line of 10 mm in
the dimensional tables and analyzing the
columns for IT7 shafts. We need to find
the first minimum shaft allowance that is
greater than or equal to 27.22 um. This search
returns a minimum shaft allowance of 34 um,
which corresponds to the tolerance class x7.
Therefore, the fit specification is: @10H8u7
(AméX:ZZ mm; A =0 mm; a_ =43 mm;
A_ =28 mm).

For the following calculations, we should
use the values of the relevant allowances for
the selected specification. Therefore:

Zmax = Imax — Al = Qax — Amin — Al =
43 - 0—-3.6 =39.40 um

In this way, it is possible to determine the
maximum pressure between the parts.

Zmax " 1072
(Ki + Ke) ' deixo

39.40-1073
(3333-10°°+ 7.844-107%) - 10

pmax -

= 352.50 MPa

The stress concentration factor (n_ )
is a function of the geometry of each part,
depending on the geometric factor of each
individual piece. It is necessary to consult
the stress concentration factor for each part
using the graphs provided in reference books.
Since the geometric factors are known, it
is straightforward to determine the stress
concentration factors.

Itis observed that both stress concentration

factors are greater than 1. This indicates
that the parts would not fail in the case of
assembling the larger shaft with the smaller
hole (where maximum interference occurs
between the parts, resulting in maximum
pressure between the contact surfaces).

CONCLUSIONS

Inthisstudy, weinvestigated theinterference
fit requirements for customized bipartite
fastening pins in a linear guide rail mounting
application. Through our calculations and
analysis, we were able to optimize the frictional
force in the shaft support mount attachment
using bipartite fastening pins. Our results
demonstrate that the interference fit between
the two parts of the bipartite pin significantly
affects the frictional force required to hold the
shaft support mount attached to the surface.

We found that the diameter, material, and
surface roughness of the bipartite fastening
pins all play a role in the required interference
fit for optimal frictional force. By considering
these factors, engineers and designers can
better select and design bipartite fastening
pins for similar applications.

Overall, our research provides important
insights into the use of bipartite fastening pins
in linear guide rail mounting applications
and can inform the development of more
efficient and effective mounting systems. Our
calculations and analysis demonstrate the
feasibility of using bipartite fastening pins to
attach shaft support mounts to surfaces, and
we believe that our findings can be of great
value to researchers and professionals in the
field of mechanical engineering.

In summary, the results of our study show
that bipartite fastening pins can be a reliable
and effective method for attaching shaft
support mounts to surfaces in linear guide
rail mounting applications, provided that
the necessary interference fit requirements
are met. We hope that our research can
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inspire further investigation into the use of
bipartite fastening pins and contribute to the
development of more innovative and efficient
mounting systems in the future.
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APPENDIX A

The main author of this article is a university professor at an Engineering college with extensive
experience in the subject of Machine Elements. This discipline includes the specification
of mechanical assemblies between cubes and shafts. One of the well-known techniques is
interference fit, which is widely covered in reference books such as Shigley, Norton, Juvinall,
Collins, among others. To facilitate his lectures, the professor has created a form that contains the
most common mathematical expressions. All mathematical expressions are found in reference
books. However, each book uses different terminology to describe each variable. The following
figure presents the variables, their units, and the mathematical relationships.

Unides por interferéncia
Didmetros [mm]: CUBO => D: nominal; D.: externo; D;: interno; eixo=> d: nominal; de: externo; di: interno.

p: pressdo entre as pecas (CUBO/eixo) em decorréncia da interferéncia entre elas [MPa]. T: torque [Nmm]; forca axial F, [N]. indices
usados nas férmulas => i: peca interna; e: peca externa. Notacio dos afastamentos => CUBO: LETRA MAIUSCULA; eixo: letra mintscula.

Afastamentos [[tm] => ix0: @min ; @max FURO:

n;Amax.

' Interferéncias [um]=> Z: real (pés-montagem);

I: inicial (pré-montagem); Al: perda de
. . interferéncia na montagem. Ra: rugosidade

4 |t B O superficial média [um].

Zomin = Imin — I = Qmin — Amax — Al
zmux = Imu_x - Al = Tmax _Amin — Al

eixo FURO

[ Ao MAKIMG
&, alastamento mirimo A AFASTAMENTO MINIMO

Obs.: a eventual perda de interferéncia (Al)
depende do tipo de montagem.

Montagem axial forcada por prensagem com Montagem radial por dilatacdo térmica (Al = 0)
velocidade controlada (Al # 0)

- methor =—=3- = Imax10”345-10"*d
prensagem prensagem Tm = Tamb + T

encosto P f ‘
s I i Vo s 1l Temperaturas [°C]=> Tm: montagem; Tams: ambiente; AT:
HHH \—qqul—b variagdo de temperatura necessdria para a montagem radial.
‘ d: didmetro nominal [mm]; Imax interferéncia maxima [um]

AT = Ty — Tamp

ERCOSID

a: coeficiente de dilatacSo térmica [°CY)

Al = 1,2 (Racygp + Ragie,) Montagem Prensagem axial Dilatagao radial
Eixo Aco Aco
R PR R Cubo Aco | FoFo | Auminio | Latdo | Aco | Aco | FoFo | Aluminio
Fm = 07705 H ke d-L Pmax Lubrificacio | dlec | édleo | seco | seco | Oleo | seco | seco | seco
[ min. | 0.05 | 0,07 | 0,02 | 0.03 | 0,08 | 0.07 | 0.07 | 0,05
Fg zmpkd L ppax ; #p=05p H [max 0171012 | 006 | 006 | 017 10191016 006
Forcas [N)=> Fm: montagem; Fa: desmontagem R,[um] | desbaste | médio ﬁmmm
i coeficiente de atrito estatico [adimensional] Simbologia v v Vv vy
. - : : ; ; ; Classe ISO | N3-N10 | N7-NB | N7-N8 | N1<NG
Myt clorefmente de atrito dindmico [adimensional] tomeaments |16 3 40 X 5216 336
k: coeficiente de seguranca para a fase de montagem fresamento | 12 a 32 X 8ailb 438
ou desmontagem [adimensional) furacao 102825 |6a10| 3a6 X
L: comprimento (til do contato no qual ocorre a reticacio | 16a40 1 6a16] 3a6 1a3
brochamento x x 2a4d x

interferéncia entre o CUBO e o eixo [mm)]




Zin » 1073 1 /1+¢Q? d 1 /1402 D
Prmin = ————— K, (—f—w) :Q's=d—f D Ky =— ( g+"’e) :(;?.a=ﬂ—I

— i E —t o | —
(K[ + Ke) * deixo E; \1- sz e E, 1- Qez e
Zomar - 1073 E: mddulo de elasticidade axial [MPa). v: coeficiente de Poisson [adimensional].
Pmax = —(K[ ¥K,) doing Fatores eldsticos [MPa™] == Ki: eixo; K.: CUBO
Fatores geométricos [adimensional]=> Qx eixo; Q.: CUBO
Pressao minima entre CUBO e eixo [MPa]: pmin = 5.0
Pressdo maxima entre CUBO e eixo [MPa): pmax o 4 5 Jl
g /
Escorregamento: f4; > R s3 40 /
[ = I
2-T\? 8 33
m-p-d- L pmim = F,12+(T) 8= Aggy)- eino
5§
Forgas [N] => fa: atrito; R: resultante. § 25 S/
. . . =& =y
Interferéncias reais [um): Z (Zmax OU Zmin). 2 ,3-' 2ol _,...-;:—5/  Xiga: €UBO |
Esmagamento: Patuante = Padm g e N
Oe . = 1,5
H . . —_—le
@IXO0: Prnax " Mgy < w 00 01 02 03 04 05 06 07 08

Nmecgivn Fatores eldsticos (Q): Q; ou Q,
Fatores de concentracdo de tensdo Y=> A, eixo; X(g,): CUBO

Te
CUBO: Pmax " X(ge) = n_m Coeficiente de seguran¢a de esmagamento => Nmec
MECCURO

The professor maintains a YouTube channel where the courses he teaches are presented in
playlists. During the lectures, the theory underlying the physical phenomena is explained, and
all mathematical deductions are presented. For more information, please visit: https://www.
youtube.com/channel/UCeRILnon_gofsbBvI3YDFPg
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