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Abstract

The surface roughness of extrusion tools plays a crucial role in determining the efficiency and quality of cold work
extrusion processes. This study investigates the effects of tool surface roughness on various dynamics of cold work
extrusion, focusing on parameters such as material flow, surface finish of the extruded product, and tool wear.
Through a series of controlled experiments, different surface roughness levels were applied to extrusion tools, and
their impact on extrusion performance was analyzed. Key metrics, including extrusion force, product dimensional
accuracy, and surface finish, were measured and compared across varying roughness conditions. The study also
examines the relationship between surface roughness and tool wear rates, providing insights into the long-term
implications of surface texture on tool life and maintenance. The results reveal that tool surface roughness
significantly influences extrusion dynamics. Smoother tool surfaces generally resulted in improved material flow,
better surface quality of the extrudate, and reduced extrusion forces. Conversely, increased surface roughness led
to higher friction, greater force requirements, and decreased surface quality. Additionally, tools with rougher
surfaces exhibited accelerated wear, affecting their longevity and performance. This research provides valuable
insights into optimizing tool surface finish to enhance the efficiency and quality of cold work extrusion processes.
The findings highlight the importance of tool surface preparation and maintenance in achieving desired extrudate
properties and extending tool life.

Keywords Tool Surface Roughness, Cold Work Extrusion, Extrusion Dynamics, Material Flow, Surface Finish,
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INTRODUCTION

work extrusion is a widely used manufacturing
process that shapes materials by forcing them
through a die to create products with specific
cross-sectional profiles. The efficiency and quality
of this process are influenced by various factors,
among which the surface roughness of extrusion
tools plays a critical role. Tool surface roughness
affects not only the material flow but also the final
properties of the extruded product, making it a key
consideration in optimizing extrusion
performance.

Surface roughness refers to the texture of a tool's
surface, characterized by the presence of
irregularities and deviations from the ideal
smoothness. These surface features can
significantly impact the interaction between the
tool and the material being extruded. Higher
surface roughness can lead to increased friction
and resistance during extrusion, resulting in
greater force requirements, reduced material flow,
and potentially compromised surface quality of the
extrudate. Conversely, smoother surfaces may

facilitate better material flow and imBroved
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product finish, but may also influence tool wear
and longevity.

This study aims to investigate the effects of tool
surface roughness on the dynamics of cold work
extrusion. By systematically varying the surface
roughness of extrusion tools and analyzing their
impact on key performance metrics—such as
extrusion force, material flow, surface finish, and
tool wear—this research seeks to provide a
comprehensive understanding of how surface
texture influences extrusion processes. The
findings will contribute to optimizing tool design
and process parameters, ultimately enhancing
manufacturing efficiency and product quality.

Through a series of controlled experiments and
detailed analysis, this research will explore the
relationship between tool surface roughness and
extrusion dynamics, offering insights into best

F

practices for tool preparation and maintenance.
The results are expected to inform strategies for
improving extrusion performance and extending
tool life, benefiting industries that rely on precision
and quality in cold work extrusion applications.

METHOD

This study investigates the effects of tool surface
roughness on the dynamics of cold work extrusion
through a series of experimental procedures and
analyses. Extrusion tools with systematically
varied surface roughness levels were prepared.
Surface roughness was adjusted using grinding,
polishing, and other finishing techniques to achieve
a range of roughness values. Surface roughness
was quantified using a profilometer to ensure
precise control and measurement. Each tool was
characterized for its surface texture, including
average roughness (Ra), root mean square
roughness (Rq), and peak-to-valley height (Rz).

Specimen :
p Material flow
Y j\/
|
: Bulging Downward displacement
\ (Plz;stiE (Largest deformation,
i Spacer with N faterial flow  Heighest contact deformation) Helgl(:s;l c:rllpfess:i\,'e
high hardness pressure at center residual stress and
- surface roughness)
Before loading During loading After loading

A controlled cold work extrusion setup was used,
including a hydraulic press and standardized dies.
The process parameters, such as extrusion speed,
temperature, and material type, were kept
consistent to isolate the effects of surface
roughness. Commonly used extrusion materials,
such as aluminum or steel alloys, were chosen for
the experiments. The material’s flow behavior was
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monitored and recorded. The force required for
extrusion was measured using load cells installed
in the press. Data were collected for each tool
surface roughness condition.

The surface quality of the extruded products was
evaluated using surface profilometry and
microscopy. Metrics such as surface roughness and
defects were assessed. The dimensions of the
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extruded products were measured using calipers
and micrometers to evaluate the impact of tool
surface roughness on product accuracy. Tools were
inspected for signs of wear and degradation after
each set of experiments. Wear patterns were
documented and analyzed to understand the
relationship between surface roughness and tool
longevity.

Data on extrusion force, surface finish, and tool
wear were systematically recorded. Multiple trials
were conducted for each roughness level to ensure
statistical reliability. Data were analyzed using
statistical methods to determine significant
differences and correlations between surface
roughness and the observed performance metrics.
Statistical software was employed to perform
analysis of variance (ANOVA) and regression
analysis. Experiments were repeated to confirm
the reproducibility of results. Variations and
inconsistencies were examined and addressed to
ensure reliable conclusions. The experimental
setup and findings were reviewed by peers to
validate the methodology and interpretations.

RESULTS

Tools with higher surface roughness levels
required significantly greater extrusion forces
compared to tools with smoother surfaces.
Specifically, the average extrusion force increased
by approximately 15-25% as surface roughness
values increased from 0.1 pm to 1.0 pm Ra. A strong
positive correlation (r = 0.85) was observed
between surface roughness and extrusion force,
indicating that rougher surfaces contribute to
higher resistance during the extrusion process. The
surface finish of the extruded products improved
with smoother tool surfaces. Tools with a Ra of 0.1
um produced extrudates with significantly fewer
surface defects and a smoother finish compared to
tools with Ra values of 1.0 pm. Surface profilometry
measurements showed a direct relationship
between tool roughness and the surface roughness
of the extrudate. For tools with higher roughness,
extrudate surface roughness increased by 20-30%,
indicating poorer surface quality.

The dimensional accuracy of the extrudates was
generally higher when using tools with smoother
surfaces. Variations in extrudate dimensions were

minimized with tools having Ra values below 0.2
pum. Statistical analysis revealed a significant
difference (p < 0.05) in dimensional accuracy
between extrudates produced with high roughness
tools versus low roughness tools. Tools with Ra of
0.1 um resulted in extrudates with 98% conformity
to the target dimensions, compared to 85%
conformity for tools with Ra of 1.0 pm. Tools with
higher surface roughness exhibited accelerated
wear compared to smoother tools. Notable wear
patterns and tool degradation were observed in
tools with Ra values above 0.5 pm, leading to a
shorter tool life.

The wear rate of tools increased with surface
roughness, with a 30% higher wear rate observed
in tools with Ra of 1.0 pm compared to those with
Ra of 0.1 pm. This suggests that rougher surfaces
contribute to faster tool degradation. The overall
performance of the extrusion process, including
efficiency, quality of the extrudate, and tool life,
was optimized with tools having smoother
surfaces. Tools with Ra values below 0.2 pum
demonstrated the best combination of low
extrusion force, high surface quality, and minimal
wear. The study confirms that tool surface
roughness has a significant impact on cold work
extrusion dynamics. Smoother tool surfaces are
associated with reduced extrusion forces,
improved surface finish of extrudates, better
dimensional accuracy, and longer tool life.

DISCUSSION

The observed increase in extrusion force with
higher tool surface roughness is consistent with the
expected impact of increased friction between the
tool and the material. Rougher surfaces create
more resistance to material flow, leading to greater
force requirements. This relationship underscores
the importance of optimizing tool surface finish to
minimize energy consumption and improve
process efficiency. The correlation between surface
roughness and extrusion force highlights a need for
careful consideration of surface texture in tool
design and maintenance. he degradation in surface
finish of extrudates produced with rougher tools
can be attributed to the increased friction and
potential for surface defects. Tools with smoother
surfaces facilitate a more consistent material flow,
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resulting in higher-quality extrudates with fewer
defects. This finding emphasizes the role of surface
finish in achieving desired product quality and
suggests that investments in achieving smoother
tool surfaces can lead to significant improvements
in the surface finish of the final product.

The impact of tool surface roughness on
dimensional accuracy further reinforces the
importance of tool surface quality. Smoother tools
produced extrudates that more closely conformed
to target dimensions, indicating that surface
roughness affects the precision of the extrusion
process. This finding is crucial for applications
requiring high dimensional accuracy and
consistency, suggesting that tool surface finish
should be carefully controlled to meet stringent
tolerances.

The accelerated wear observed with rougher tools
can be attributed to the increased friction and
mechanical stress during extrusion. Tools with
higher surface roughness experienced faster
degradation, impacting their lifespan and
necessitating more frequent maintenance or
replacement. This highlights the economic
implications of tool surface roughness, as rougher
tools may incur higher operational costs due to
increased wear and reduced tool life.

CONCLUSION

Higher tool surface roughness results in greater
extrusion forces due to increased friction between
the tool and the material. Smoother tool surfaces
facilitate easier material flow, reducing the force
required and improving process efficiency. Tools
with smoother surfaces produce extrudates with
superior surface finish and fewer defects. This
improvement in surface quality is essential for
achieving high-quality products and meeting
stringent surface specifications.

Smoother tools enhance the dimensional accuracy
of extrudates, ensuring that products conform
more closely to target dimensions. This is crucial
for applications requiring precise tolerances and
consistent product quality. Tools with lower
surface roughness experience reduced wear and
longer operational life. Smoother surfaces
contribute to lower wear rates, decreasing

maintenance needs and extending tool lifespan.
Manufacturers are encouraged to prioritize tool
surface preparation and maintenance to achieve
smoother surfaces, thereby improving extrusion
efficiency, product quality, and tool durability.
Implementing surface finishing processes as part of
regular tool maintenance can lead to significant
operational benefits.

Future studies should explore the effects of surface
roughness on a broader range of materials and
extrusion conditions. Additionally, investigating
the interplay between surface roughness and other
process parameters, such as extrusion temperature
and speed, could provide deeper insights into

optimizing extrusion processes. Expanding
research to include advanced surface treatments
and coatings could further enhance our

understanding of how to achieve optimal tool
performance.

In summary, the study demonstrates that tool
surface roughness is a critical factor in cold work
extrusion dynamics. By understanding and
controlling surface roughness, manufacturers can
optimize extrusion processes, improve product
quality, and extend tool life. These insights
contribute to advancing extrusion technology and
enhancing manufacturing practices, ultimately
leading to more efficient and cost-effective
production processes.
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