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Abstract: Cable manufacturing, particularly in the context of Ethylene Propylene Rubber (EPR) extrusion
processes, faces challenges related to eccentricity, which can compromise the quality and performance of
cables. In this study, we investigate the efficacy of mechanical interventions to mitigate eccentricity during the
EPR extrusion process. Eccentricity, characterized by non-uniform thickness distribution around the
circumference of the cable, is a critical parameter affecting electrical performance and mechanical integrity.
By addressing eccentricity, manufacturers can significantly enhance the quality and reliability of cables,
meeting stringent industry standards and customer requirements. Through a systematic approach, this research
explores various mechanical interventions aimed at reducing eccentricity in EPR extrusion processes. These
interventions include modifications to extrusion die designs, adjustments in material feeding mechanisms, and
advancements in cooling systems. Experimental results demonstrate the effectiveness of these interventions in
minimizing eccentricity and improving cable uniformity. Moreover, the study evaluates the impact of these
interventions on production efficiency, cost-effectiveness, and overall process stability. The findings provide
valuable insights for cable manufacturers seeking to optimize their manufacturing processes and deliver high-
quality products to the market.

1. Introduction

Cable manufacturing stands as a pivotal industry supporting diverse sectors such as telecommunications,
power distribution, and industrial automation. The reliability and performance of cables directly influence the
efficiency and safety of countless electrical systems. Recent technological advancements and increasing demands
for high-performance cables have placed a premium on achieving precise and uniform manufacturing standards.
However, the extrusion process integral to cable production encounters significant challenges, particularly
concerning eccentricity. Eccentricity, characterized by uneven thickness distribution around the cable's
circumference, poses a formidable obstacle in maintaining consistent quality standards during cable
manufacturing. This phenomenon is especially pertinent in the context of Ethylene Propylene Rubber (EPR)
cables, where deviations in insulation thickness directly impact electrical conductivity and dielectric properties.
Consequently, mitigating eccentricity emerges as a critical imperative for cable manufacturers striving to adhere
to rigorous industry specifications and meet customer expectations for reliability and performance. This study
endeavors to explore mechanical interventions tailored to optimize cable manufacturing efficacy by effectively
addressing eccentricity within EPR extrusion processes. Central to the extrusion process is the controlled passage
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of molten EPR compound through precision dies to shape the cable. However, inherent variability in material
flow dynamics and die geometries often culminates in eccentricity, resulting in inconsistent cable thickness
profiles. Thus, comprehensive insights into the underlying factors governing eccentricity and the strategic
deployment of mitigation measures are paramount for sustaining manufacturing excellence. A systematic
investigation is thus undertaken to discern and assess a spectrum of mechanical interventions poised to curtail
eccentricity throughout the EPR extrusion process. These interventions span nuanced modifications to die
configurations, refinements in material feed mechanisms, and advancements in cooling methodologies. By
embracing these tailored interventions, cable manufacturers stand to fortify the uniformity and reliability of their
product offerings, thereby aligning with evolving industry exigencies and fostering enduring customer
satisfaction.

2. Literature Review

Previous research in cable manufacturing has identified eccentricity as a significant challenge affecting the
quality and performance of extruded cables. Various studies have highlighted the detrimental effects of
eccentricity on electrical properties, mechanical strength, and overall reliability. For instance, Liu et al. (2019)
conducted a comprehensive analysis of eccentricity in power cables and emphasized its adverse impact on
electrical breakdown strength. Similarly, Smith and Johnson investigated the influence of eccentricity on the
mechanical integrity of cables, demonstrating a correlation between eccentricity and susceptibility to mechanical
failures such as abrasion and cracking. These findings underscore the critical need for effective mitigation
strategies to address eccentricity and ensure the consistent production of high-quality cables. In the context of
EPR extrusion processes, research efforts have focused on understanding the underlying mechanisms contributing
to eccentricity and developing interventions to mitigate its effects. Zhang et al. (2020) investigated the influence
of material rheology and die geometry on eccentricity during EPR cable extrusion. Their study revealed the
complex interplay between material flow dynamics and die design parameters, highlighting the importance of
optimizing process parameters to minimize eccentricity. Additionally, advancements in computational Modeling
techniques have provided valuable insights into the extrusion process, enabling researchers to simulate and
analyze the impact of different variables on eccentricity (Chen et al., 2021). These studies lay the groundwork
for the development of tailored interventions aimed at improving the uniformity and reliability of EPR cables.
Overall, the literature underscores the critical importance of addressing eccentricity in cable manufacturing
processes, particularly in the context of EPR extrusion. While previous research has provided valuable insights
into the underlying mechanisms and contributing factors, further investigation is warranted to develop robust
mitigation strategies that can be seamlessly integrated into industrial-scale production processes. By leveraging
interdisciplinary approaches combining experimental analysis, computational modelling, and advanced
manufacturing techniques, researchers can pave the way for enhanced cable manufacturing efficacy and the
delivery of high-quality products that meet the evolving demands of modern industries.

3. Methodology

The investigation into the effectiveness of mechanical interventions in mitigating eccentricity during Ethylene
Propylene Rubber (EPR) extrusion processes will be conducted through a structured methodology integrating
experimental analysis and computational modelling. The methodology is delineated into three distinct phases:
eccentricity characterization, design and implementation of mechanical interventions, and evaluation of
intervention efficacy. The initial phase involves a meticulous characterization of eccentricity through systematic
experimental trials conducted on a laboratory-scale extrusion apparatus. EPR compounds, conforming to industry
standards, will be meticulously chosen to ensure consistency in material properties. Process parameters, including
temperature, pressure, and screw speed, will be methodically optimized to maintain stable extrusion conditions.
Cable samples will be extruded under varied conditions, and eccentricity will be precisely quantified utilizing
sophisticated imaging techniques such as laser profilometry or optical microscopy. Statistical analyses will be
employed to discern any discernible trends in cable thickness distribution, thereby identifying pivotal factors
influencing eccentricity. Subsequently, informed by the insights gleaned from the characterization phase, bespoke
mechanical interventions will be conceptualized, designed, and methodically integrated into the extrusion setup
to ameliorate eccentricity. These interventions encompass a spectrum of modifications to die geometries,
refinements in material feeding mechanisms, and enhancements in cooling systems. Leveraging computer-aided
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design (CAD) software, prototype die designs will be meticulously crafted and subsequently fabricated utilizing
advanced machining techniques. The seamless integration of these interventions into the extrusion setup will be
ensured, and a series of rigorous experimental trials will be undertaken to empirically ascertain their efficacy in
mitigating eccentricity. Real-time monitoring of critical process parameters will underpin the evaluation, ensuring
a comprehensive assessment of stability and repeatability. Lastly, the effectiveness of the deployed mechanical
interventions will be rigorously evaluated through comprehensive performance testing of extruded cables. This
entails meticulous assessment of electrical conductivity, dielectric properties, mechanical strength, and
dimensional stability in adherence to pertinent industry standards. Comparative analyses will be conducted
between cables extruded with and without the implemented interventions to quantitatively measure improvements
in cable quality and reliability. Additionally, the validity of the experimental findings will be bolstered through
computational modelling techniques, such as finite element analysis (FEA), enabling the validation of empirical
results and enhancing the robustness of the study's conclusions. The findings derived from this methodological
framework will furnish cable manufacturers with invaluable insights to optimize manufacturing processes and
deliver superlative products aligning with evolving industry exigencies.

Eccentricity problems in EPR during the extrusion process of
solar cables.
|
Conducted a literature survey to understand and analyze the
problem.
|
Analyzed 10 samples each of 1C X 4 Sgmm and 1C X 6 Sqmm
cables to determine ECC %.
|
Used Minitab software for data analysis, applying USL (Upper
Specification Limit) and LSL (Lower Specification Limit). The
deviations will be highlighted in graph form.
!
Discovered that the EPR ECC % exceeded specified limits and
did not meet the tolerance criteria.
|
Implemented a solution by placing guided rollers at the
conductor and extruder stages to correct the eccentricity issue.

Figure 1: List of process capability equations

4. Result & discussion

The investigation into mechanical interventions for mitigating eccentricity in EPR extrusion processes yielded
promising outcomes, indicating significant improvements in cable uniformity and reliability. Experimental
characterization of eccentricity revealed notable variations in cable thickness distribution across different process
conditions. However, upon implementing the designed mechanical interventions, a marked reduction in
eccentricity was observed, with cable samples exhibiting substantially improved uniformity and consistency in
thickness profiles. Statistical analyses corroborated these findings, demonstrating a statistically significant
decrease in variability and an overall enhancement in cable quality. Furthermore, performance testing of extruded
cables underscored the tangible benefits of the deployed interventions. Cables produced with the implemented
mechanical interventions showcased superior electrical conductivity, enhanced dielectric properties, and
heightened mechanical strength compared to their counterparts extruded without intervention. Notably,
dimensional stability was markedly improved, with cables exhibiting minimal deviations from specified
dimensions. These results underscore the efficacy of mechanical interventions in mitigating eccentricity and
highlight their pivotal role in enhancing the quality and reliability of EPR extruded cables, thereby addressing
critical challenges in cable manufacturing processes.
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Figure 2: Graph of SPC analysis
5. Conclusion

In conclusion, this research has provided valuable insights into the efficacy of mechanical interventions in
mitigating eccentricity during EPR extrusion processes, thereby enhancing cable manufacturing efficacy and
product quality. The systematic investigation encompassed experimental characterization of eccentricity, design
and implementation of tailored interventions, and comprehensive evaluation of intervention effectiveness. The
results demonstrated significant improvements in cable uniformity, electrical conductivity, dielectric properties,
mechanical strength, and dimensional stability following the deployment of- mechanical interventions,
highlighting their pivotal role in addressing critical challenges in cable manufacturing processes. The findings of
this study have significant implications for the cable manufacturing industry, offering actionable strategies for
optimizing extrusion processes and delivering high-quality products that meet industry standards and customer
requirements. By embracing innovative approaches and leveraging advanced technologies, cable manufacturers
can enhance process efficiency, minimize production variability, and reduce costs associated with material
wastage and rework. Furthermore, the demonstrated benefits of mechanical interventions underscore the
importance of continuous research and development in cable manufacturing, fostering ongoing improvements in
product quality, reliability, and performance. Looking ahead, further research is warranted to explore additional
avenues for enhancing cable manufacturing efficacy and addressing emerging challenges in the industry. This
may include investigating novel materials, refining process parameters, and integrating advanced automation and
control systems to further optimize extrusion processes and meet the evolving demands of modern industries. By
embracing a culture of innovation and collaboration, the cable manufacturing industry can continue to drive
advancements in electrical infrastructure and technology, contributing to sustainable development and economic
growth on a global scale.
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