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Abstract

This research paper explores the development and incorporating UV inhibitors at varied let-down ratios (LDRS)
implementation of a UV-resistant manufacturing process for was developed and tested. The process was tailored to ensure
transparent plastic feeder parts designed for animal and bird five years of UV protection without compromising
feeding systems. The project involved resolving issues transparency, aligning with high-tech manufacturing
caused by prolonged outdoor exposure, such as yellowing practices in the plastic injection molding industry.

and material degradation. A unique formulation
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Introduction

The increasing demand for automation in agriculture and animal feeding systems has led to the design and manufacture of
innovative products that improve efficiency and functionality. Transparent plastic feeder parts, used in automated animal and
bird feeding systems, are a prime example of this trend. These parts are essential for ensuring that animals and birds can visually
access their food supply, making the feeders more user-friendly and effective. However, creating durable and aesthetically
pleasing components that withstand prolonged outdoor exposure remains a challenge in the plastic injection molding industry.
In October,2019 our company embarked on a project to produce transparent feeder parts with specific functional and aesthetic
requirements. The project presented unique challenges due to the outdoor application of the parts, which exposed them to harsh
environmental conditions such as UV radiation and temperature fluctuations. Prolonged exposure to UV rays was found to cause
yellowing and structural degradation of the parts, compromising their transparency and mechanical integrity. Addressing these
issues required a comprehensive approach that leveraged advanced materials and cutting-edge manufacturing techniques.

To meet the project's demands, we collaborated closely with resin manufacturers and additive suppliers to develop a UV -resistant
solution. The process involved identifying and incorporating suitable UV inhibitors into the base material while maintaining the
desired level of transparency. Multiple trials and tests were conducted to optimize the material formulation and ensure the parts
met the customer’s expectations. This paper details the methodology, challenges, and outcomes of the project, highlighting the
importance of innovative engineering and smart manufacturing practices in overcoming industry challenges.

Problem Statement

Transparent plastic parts used in automated animal and bird feeders are exposed to direct sunlight and harsh environmental
conditions due to their outdoor application. Over time, UV radiation caused these parts to yellow and degrade, reducing their
aesthetic appeal and functional performance. Yellowing not only compromised the visual clarity required for animals and birds
to see their food but also signaled material degradation that could lead to premature failure of the parts.

Traditional polypropylene (PP) resins lack inherent UV resistance, making them unsuitable for prolonged outdoor use without
modifications
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Traditional polypropylene (PP) resins lack inherent UV
resistance, making them unsuitable for prolonged outdoor use
without modifications.

Attempts to mitigate UV-induced degradation through
standard methods proved insufficient, necessitating a more
robust and tailored approach. The challenge was to develop a
UV-resistant material formulation that could provide at least
five years of protection against UV radiation while
maintaining acceptable transparency and structural integrity.
Additionally, the solution needed to be cost-effective and
scalable for mass production to meet the customer’s
requirements.

Compounding the complexity was the need to balance UV
protection with transparency. The addition of UV inhibitors
had the potential to introduce a yellowish tint or haziness to
the parts, which could negatively impact their visual appeal.
Customer feedback indicated a preference for durability over
minor aesthetic compromises, but the acceptable limits of
these compromises needed to be determined through
extensive testing.

This project required a multi-faceted approach, involving
material selection, collaboration with suppliers, and rigorous
testing to ensure the final product met both functional and
aesthetic requirements. The successful development and
implementation of this solution highlights the critical role of
innovative engineering and smart manufacturing practices in
addressing complex challenges in the plastic injection
molding industry.

Approach

1. Material Selection and Collaboration

e The foundation of this project involved selecting the
most appropriate material and additives. Collaborating
with industry-leading resin manufacturers and colorant
suppliers was critical to exploring the potential solutions
for UV resistance. Our discussions focused on
understanding the properties of Bapolene 5063C, a clear
polypropylene (PP) resin, as the base material due to its
balance of mechanical properties and transparency.

e UV inhibitors were identified as the optimal solution to
mitigate the effects of UV radiation. The technical teams
from both the resin and additive suppliers provided
invaluable insights into the compatibility and
performance of different UV inhibitors.

e Detailed consultations with these experts ensured that we
were equipped with a comprehensive understanding of
the potential benefits and limitations of various
formulations. Their guidance also allowed us to design
experiments with a strong scientific foundation.

2. Experimental Design

e A systematic experimental plan was developed to
evaluate the effectiveness of UV inhibitors in providing
prolonged protection. To ensure comprehensive testing,
we implemented a matrix of let-down ratios (LDRS),
ranging from formulations designed for three years of
UV resistance to those engineered for five years. This
variability allowed us to assess the trade-offs between
UV protection and transparency.

e Each formulation was carefully prepared and molded
under controlled conditions. We prioritized consistency
in processing parameters, such as melt temperature,
injection pressure, and cooling time, to minimize
external variables that could impact the results.

www.allmultidisciplinaryjournal.com

e Samples from each batch were analyzed for clarity,
color, and physical integrity. Preliminary visual
inspections were followed by advanced testing,
including accelerated UV exposure tests that simulated
prolonged outdoor conditions. These tests provided
critical data on the durability and aesthetic performance
of each formulation.

. Testing and Optimization

e  The testing phase involved exposing molded samples to
UV radiation in controlled laboratory environments. We
used standardized UV chambers to simulate years of
outdoor exposure within a matter of weeks. The results
provided insights into the rate of yellowing, loss of
transparency, and mechanical degradation.

e Customer feedback was integral to the optimization
process. While the customer initially emphasized the
importance of maintaining high transparency, they later
indicated a willingness to accept minor haziness if it
ensured durability. This feedback allowed us to refine
our criteria for success.

e Through iterative testing, we identified the optimal
formulation that balanced UV resistance and visual
clarity. The five-year protection formula emerged as the
preferred choice due to its superior performance in both
simulated and real-world conditions.

4. Process Integration

e  Scaling the solution from laboratory experiments to full-
scale  production required meticulous process
integration. Our manufacturing team worked closely
with engineers to fine-tune the injection molding
parameters for the selected formulation. This included
adjusting cycle times, cooling rates, and mold
temperatures to ensure consistent quality.

¢ Robust quality control protocols were established to
monitor the production process. Inline inspection
systems were employed to detect any deviations in
clarity, color, or structural integrity. These measures
ensured that every batch met the stringent standards set
during the development phase.

e The final manufacturing process was documented in
detail, creating a reproducible framework that could be
applied to future projects with similar requirements.

The multi-faceted approach outlined above exemplifies the
integration of advanced engineering principles, cross-
disciplinary collaboration, and customer-centric design. By
addressing the technical and practical challenges of UV
resistance, this project demonstrated the potential of smart-
manufacturing practices to deliver innovative solutions in the
plastic injection molding industry.

Implementation

Straight Feeder Boot

The straight feeder boot design was developed to cater to
animals and birds that require a linear feeding mechanism.
This design focused on simplicity and functionality, ensuring
a steady flow of feed without blockages. During the
implementation phase, we integrated the five-year UV-
resistant material formulation to address the challenges posed
by prolonged outdoor exposure. To maintain consistent
quality, we established a series of manufacturing
checkpoints:
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e Material Handling: The UV-inhibited polypropylene
resin was carefully stored and handled to prevent
contamination or moisture absorption, which could
affect the molding process.

e Mold Design Optimization: The straight boot mold was
designed with precision to ensure uniform wall thickness
and prevent stress concentrations, which could
compromise durability.

e Cycle Time Adjustments: By fine-tuning the injection
and cooling cycle times, we achieved a balance between
production efficiency and part quality.

During testing, the straight feeder boot exhibited exceptional
resistance to yellowing and maintained its transparency over
extended exposure to UV radiation. Figure 1 below illustrates
the final straight feeder boot design.

Fig 1: Straight Feeder Boot

Angled Feeder Boot

The angled feeder boot was engineered for birds with specific

feeding behaviors, requiring an innovative design with a 30°

tilt. The implementation of this design involved additional
considerations to ensure uniformity and structural integrity:

e Complex Mold Geometry: The mold for the angled
boot required precise alignment to accommaodate the tilt
and ensure consistent filling of the cavity.

e Flow Analysis: Advanced simulation tools were used to
analyze the flow of molten resin within the mold,
minimizing the risk of defects such as air pockets or weld
lines.

e Trimming and Finishing: Post-molding operations,
including trimming and finishing, were optimized to
remove Gates trimmed flush and ensure smooth edges.

The angled feeder boot underwent rigorous testing,
demonstrating superior UV resistance and structural stability.
The design’s ability to cater to specific bird species added
value to the final product. Figure 2 showcases the angled
feeder boot.

Both designs were subjected to real-world testing in outdoor
environments, where they consistently met and exceeded
customer expectations. The success of these implementations
highlights the effectiveness of combining advanced material
science with precision engineering.

www.allmultidisciplinaryjournal.com

Fig 2: Angled Feeder Boot

Results and Discussion

The results of this project underscored the transformative
potential of integrating UV inhibitors into plastic injection
molding processes. The incorporation of UV-resistant
formulations in the feeder parts led to remarkable
improvements in both durability and performance,
effectively addressing the initial challenges posed by outdoor
applications. Key findings from the project are discussed
below:

UV Protection Efficacy

The five-year UV protection formula demonstrated
exceptional resistance to yellowing under both simulated
and real-world conditions. Accelerated UV testing
revealed that the parts retained over 90% of their
transparency and aesthetic appeal even after exposure
equivalent to five years of outdoor conditions.

e The addition of UV inhibitors significantly reduced the
rate of degradation in mechanical properties. This
ensured that the parts remained structurally sound and
capable of withstanding the stresses associated with
prolonged outdoor use.

. Transparency vs. Durability

e While the UV inhibitors introduced a slight haziness to
the parts, this was deemed acceptable by the customer
due to the enhanced durability. Through iterative testing,
the acceptable thresholds for haziness and transparency
were established, providing a clear benchmark for future
projects.

e The balance between optical clarity and UV resistance
was a critical factor in the project's success. Customer
feedback highlighted the importance of prioritizing long-
term performance over minor aesthetic compromises.

Material and Process Optimization
The project highlighted the importance of precise control
over processing parameters in achieving consistent
quality. Adjustments to injection pressure, cooling rates,
and cycle times played a pivotal role in minimizing
defects and ensuring uniformity across production
batches.

e Inline inspection systems were instrumental in detecting
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and addressing potential issues during production. This
proactive approach to quality control reduced waste and
ensured that every part met the stringent standards set
during development.

4. Scalability and Cost-Effectiveness

e The scalable nature of the manufacturing process
allowed for seamless transition from small-scale trials to
full-scale production. This demonstrated the feasibility
of implementing UV-resistant formulations in high-
volume applications  without  significant  cost
implications.

e  Collaboration with resin and additive suppliers proved to
be a cost-effective strategy. Their technical expertise and
support streamlined the development process, reducing
the need for extensive trial-and-error experimentation.

Real-World Testing

e Parts were installed in outdoor environments to evaluate
their performance under actual conditions. Observations
over several months confirmed the laboratory findings,
with the feeder parts maintaining their functionality and
aesthetic appeal despite exposure to sunlight, humidity,
and temperature fluctuations.

e The angled feeder boot design proved particularly
effective in attracting specific bird species, further
validating the customer-centric approach to design and
development.

The success of this project serves as a testament to the
importance of innovative engineering and collaborative
problem-solving in the plastic injection molding industry. By
addressing a complex challenge with a multi-disciplinary
approach, we delivered a solution that not only met but
exceeded customer expectations. This project reinforces the
value of leveraging advanced materials and smart-
manufacturing practices to drive innovation and enhance
product performance.

Acknowledgment

Special thanks to Andrew and Trevor for their unwavering
support and collaboration with resin manufacturers and
technical teams. I also extend my gratitude to my company’s
management for their trust and support throughout this
project.

Conclusion

The success of this project demonstrates the transformative
impact of combining material science, innovative
engineering, and collaborative teamwork in addressing
complex challenges within the plastic injection molding
industry. Through meticulous experimentation, collaboration
with industry leaders, and iterative design, we developed a
robust solution that ensured long-lasting UV resistance and
maintained the desired transparency for animal feeder parts.
This initiative highlighted the importance of tailoring
solutions to specific customer needs. By leveraging advanced
manufacturing processes and employing precision-
engineered techniques, the project not only met customer
expectations but also set new benchmarks for quality and
durability in outdoor polymeric applications. The
development and implementation of UV-resistant
formulations offers valuable insights into the role of
customized material solutions in achieving long-term
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performance.

Furthermore, the systematic approach taken in this project—
from material selection to full-scale production—
underscores the significance of a structured methodology in
achieving repeatable success. The scalability and cost-
effectiveness of the manufacturing process are indicative of
its potential application to other similar projects within the
industry, reinforcing its value as a replicable and sustainable
model.

Looking forward, this success paves the way for further
innovations in the plastic injection molding industry. By
integrating new advancements in UV inhibitor technology,
enhancing inline inspection protocols, and refining
simulation tools, future projects can achieve even higher
levels of efficiency and performance. The lessons learned
from this project serve as a foundation for continued growth,
establishing a precedent for tackling other material-related
challenges in diverse applications.

In conclusion, this project exemplifies the synergy of
advanced material science and smart-manufacturing
practices in overcoming industry-specific challenges. It is a
testament to the value of innovation, teamwork, and a
customer-focused approach in delivering impactful solutions
that redefine industry standards. The success of the UV-
resistant feeder parts underscores the potential for further
technological advancements, fostering a culture of excellence
and continuous improvement in the field of plastic injection
molding.
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