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Abstract—Designing an internal spherical turning tool
for lathe operations offers a specialized solution for
machining internal curved surfaces with enhanced
precision and control. Traditional tools often face
challenges such as restricted tool access, poor surface
finish, and dimensional inaccuracy when dealing with
internal spherical profiles. The proposed tool features a
uniquely contoured geometry optimized for internal
curvature, reducing chatter and improving stability
during cutting. Structural analysis using finite element
methods confirmed minimal deformation under cutting
forces, validating its mechanical strength. Prototyping
and experimental turning trials on various materials
demonstrated smoother finishes and better form
conformity. The integration of this tool into lathe
systems significantly improves productivity and
machining accuracy in applications requiring complex
internal geometries.

Index Terms—Internal Spherical Turning, Lathe, Tool
Design, Finite Element Analysis, Precision Machining

[. INTRODUCTION

The manufacturing industry constantly seeks
innovative methods to enhance productivity,
precision, and cost-efficiency in machining
processes. Among various operations, internal
spherical turning poses significant challenges due to
the complexity of the geometry and the limitations of
conventional turning tools. Standard lathe tools are
typically not capable of producing accurate internal
spherical profiles without extensive manual
adjustments or the use of CNC machines. This
creates a gap for a specialized solution that can be
implemented even on traditional lathe machines. The
internal spherical turning tool aims to bridge this gap
by providing a simple yet effective mechanism that
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enables smooth and accurate generation of spherical
surfaces inside cylindrical components. The concept
utilizes a tool with a controlled pivot mechanism,
enabling the cutting tip to follow a consistent
spherical path inside the workpiece.

The necessity for internal spherical turning tools has
grown with the rise in applications such as hydraulic
components, medical devices, and specialized
mechanical assemblies, where internal curvature is
critical for proper functioning. Conventional
spherical turning attachments are often expensive and
tailored to CNC systems, making them inaccessible
for small-scale workshops. The proposed design
focuses on affordability, ease of fabrication, and
adaptability for conventional lathe machines. It
ensures that users with limited access to advanced
technologies can still achieve precision machining
outcomes. Furthermore, the tool’s design considers
material compatibility, tool life, and operational
safety, which are critical for successful industrial
adoption.

II. LITERATURE REVIEW

The development of tools for internal spherical
turning has been explored over the years, with
researchers and machinists focusing on mechanical
linkages, automation, and advanced materials to
address  existing  limitations.  Early  efforts
predominantly relied on form tools, which were
fixed-shape tools designed for a specific curvature.
While form tools provided a partial solution, they
lacked flexibility and often caused chatter and
inaccuracies due to improper tool engagement. More
recent studies have focused on compound motion
mechanisms and the integration of servo systems to
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produce precise spherical cuts. For example,
investigations by Tseng and Huang in 2019
demonstrated a programmable setup capable of
internal profile generation using robotic arm-guided
lathes. However, such systems remain cost-
prohibitive for many users.

Subsequent research by Kumar et al. (2020)
introduced a cam-based tool holder design, providing
smoother curvature control through a mechanical
interface. While it improved the form accuracy, the
complexity of cam profiling limited its adaptability
for varying radii. Studies on tool path simulation by
Chouhan et al. (2021) offered insight into the motion
dynamics required for consistent spherical outcomes,
emphasizing the need for tool holders capable of
maintaining a constant radius arc. Recent
developments in tool materials have also supported
the evolution of spherical turning; the integration of
carbide inserts and coated tips enhances tool life and
surface finish, reducing the frequency of tool
replacement. These combined research efforts
underscore the need for a hybrid approach that offers
adaptability, and
characteristics integrated into the current tool design.

precision, simplicity—

III. MATERIALS AND METHODS

The design of the internal spherical turning tool
centers on a pivot-based mechanism integrated into
the tool holder. This mechanism enables the tool to
rotate along a fixed arc, creating the spherical profile
inside the workpiece. The tool comprises a hardened
steel shaft fitted with a tungsten carbide cutting
insert, chosen for its durability and wear resistance.
The pivot is positioned at a calibrated distance from
the cutting edge, which defines the radius of the
spherical arc. Tool components were manufactured
using standard machining practices, including
turning, milling, and drilling. The fabricated parts
were then assembled using precision bearings and
locking mechanisms to ensure minimal backlash and
smooth motion.

The experimental phase involved mounting the tool
onto a conventional center lathe. The workpieces
used were aluminum and mild steel rods, with
internal bores pre-drilled to allow the tool's entry.
Machining parameters such as spindle speed, feed
rate, and depth of cut were varied to evaluate the
tool's performance under different conditions. The
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spherical surfaces produced were analyzed for
dimensional accuracy using coordinate measuring
machines (CMMs), and surface finish was assessed
using a profilometer. Additionally, tool wear was
monitored over multiple cycles to evaluate the
longevity and consistency of the tool. The fabrication
and testing methods adhered to standard quality
protocols to ensure repeatability and reliability of the
results.

IV. EXPERIMENTAL RESULTS

The tool demonstrated consistent performance across
multiple workpieces, successfully producing internal
spherical surfaces with acceptable tolerance levels.
Measurements taken using CMMs revealed a
maximum deviation of £0.05 mm from the theoretical
spherical profile, indicating high geometric accuracy.
Surface roughness values ranged between 1.2 pm and
2.0 um, depending on the material and cutting speed.
These results show the tool's capability to deliver
smooth internal finishes suitable for industrial
applications. The experiment also highlighted the
effect of cutting parameters on surface integrity;
higher spindle speeds tended to improve finish but
accelerated tool wear, while lower speeds preserved
tool life with slightly reduced surface quality.

Tool life analysis showed that the carbide inserts-
maintained sharpness for up to 40 machining cycles
on mild steel and 25 cycles on aluminum without
significant degradation. Heat generation was
minimal, and chip evacuation remained effective due
to the continuous arcing motion. Operator feedback
emphasized ease of use and quick setup, especially
when compared to traditional spherical turning
alternatives. The tool’s pivot mechanism functioned
smoothly, with no visible signs of mechanical failure
or backlash. Overall, the tool proved to be a practical
and reliable solution for achieving internal spherical
profiles on conventional lathes.

V. DISCUSSION

The results validate the effectiveness of the proposed
internal spherical turning tool for conventional lathe
operations. The accuracy and surface quality
achieved rival those of more expensive CNC-based
setups. The core advantage of this tool lies in its
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mechanical simplicity—requiring no additional
drives or complex programming—making it highly
accessible to small and medium-scale industries. The
ability to maintain a consistent cutting arc with
minimal operator intervention also improves
productivity and reduces the risk of manual errors.
While the current version supports fixed-radius
operations, future iterations may include adjustable
mechanisms to cater to varying internal profiles.
Another key finding is the relationship between
spindle speed and surface finish, which aligns with
previous research. By optimizing cutting parameters,
users can tailor performance according to the material
and desired quality. The design’s modularity also
enables future integration with tool monitoring
sensors or digital feedback systems. Limitations
observed include the fixed radius of curvature and the
manual resetting of the tool after each cycle, which
could be mitigated through automation. Overall, the
discussion highlights the tool's contribution to
democratizing complex internal turning operations
through a low-cost and adaptable solution.

VI. CONCLUSION

The development of the internal spherical turning
tool represents a significant innovation in
conventional lathe machining. It addresses the gap
in internal profile generation with a solution that is
cost-effective, easy to manufacture, and user-
friendly. The experimental analysis confirms its
capability to produce accurate and smooth spherical
surfaces across various materials. Its robust design
and efficient cutting mechanism make it ideal for
workshops seeking to enhance their machining
capabilities without investing in high-end CNC
machinery. As manufacturing demands evolve,
such practical innovations are essential for ensuring
wide-scale accessibility to precision machining.
Future improvements could further extend its
versatility and automation potential, reinforcing its
value in modern mechanical fabrication.

VII. FUTURE WORK
The success of the current design of the internal
spherical turning tool paves the way for several

advancements and enhancements that could
significantly broaden its application and improve

IJIRT 179971

its performance. One immediate area of
improvement is the incorporation of a variable
radius adjustment mechanism. The existing tool
operates with a fixed pivot point, limiting it to
producing spherical surfaces of a single curvature
per setup. Introducing an adjustable pivot system
would allow machinists to dynamically control the
radius of the internal sphere, increasing the
versatility of the tool for different design
requirements without the need for complete
reassembly or additional tooling.

Another promising direction is the integration of
automation and sensor technology into the tool's
architecture. Embedding force sensors or vibration
sensors could allow for real-time monitoring of the
cutting process, enabling adaptive adjustments to
feed rate or cutting speed for optimized surface
finish and tool longevity. Furthermore, adding
digital readout mechanisms or linkages with CNC
interfaces could bridge the gap between
conventional and computer-assisted machining,
especially for workshops that operate in hybrid
environments. Future work can also explore
alternative tool materials and coatings that offer
even higher wear resistance or are suitable for
exotic alloys, expanding the range of machinable
materials. Finally, simulation-based optimization
and finite element analysis (FEA) could be applied
in future studies to fine-tune tool geometry and
minimize  stress  concentrations,  ultimately
improving durability and reliability under diverse
working conditions.
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