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Abstract

In July 2018, | faced a significant challenge in the plastic injection molding industry while working in
North Carolina, USA. Parts molded using Optipro glass-reinforced polypropylene (PP) were scrapped
due to warpage and rigidity issues, which risked causing significant financial losses and delayed
shipments to customers. Rather than scrapping the parts, | developed a unique recovery process that
involved reheating the parts in an infrared oven at 230°F, followed by a controlled cooling method to
regain flexibility and prevent warpage. Over time, | implemented a fixture-based cooling system, which
improved efficiency, eliminated defects, and ensured zero customer complaints. This paper discusses
the development of this recovery process, its implementation, and the substantial cost and time savings
achieved. It also provides insights into how this process can be applied to other thermoplastic materials
in the injection molding industry.
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1. Introduction

1.1 Background on Injection Molding and Material Challenges

The plastic injection molding industry is a cornerstone of modern manufacturing, enabling mass production
of complex plastic parts with high precision. Industries such as automotive, aerospace, and consumer goods
rely heavily on the injection molding process to produce parts that meet stringent quality standards. However,
the nature of thermoplastic materials, particularly reinforced polymers, presents several challenges during the
molding process. These challenges often result in defective parts that must be scrapped, leading to material
waste, financial losses, and production delays.

In recent years, advanced materials such as glass-reinforced polypropylene (PP) have gained popularity due
to their enhanced mechanical properties. Glass-reinforced PP offers increased strength, stiffness, and
durability compared to standard PP, making it ideal for applications that require high-performance materials.
However, the addition of glass fibers complicates the molding process, as it introduces new variables such as
fiber orientation, shrinkage, and warpage.

As someone deeply involved in the manufacturing process, | have encountered numerous challenges when
working with glass-reinforced PP, particularly in the cooling phase of the injection molding cycle. In July
2018, while managing a production line in North Carolina, USA, | faced a critical situation where a batch of
parts molded with Optipro glass-reinforced PP was scrapped due to severe warpage and loss of flexibility.
These parts were essential for meeting a customer’s order, and scrapping them would have resulted in
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significant financial losses and production delays. It was at this point that | began exploring alternative
solutions for recovering the defective parts.

1.2 Importance of Quality Control in Injection Molding

Maintaining consistent quality in injection molding is paramount, especially when dealing with high-
performance materials like glass-reinforced PP. The cooling phase of the injection molding cycle is
particularly critical, as it determines the final dimensional stability of the parts. Improper cooling can lead to
warpage, shrinkage, and other defects that render the parts unusable. In the case of glass-reinforced PP, the
presence of glass fibers complicates the cooling process, as the fibers introduce anisotropic shrinkage,
meaning the part shrinks unevenly depending on the fiber orientation.

At the time, the conventional approach in the industry was to scrap defective parts and remold new ones, but
this practice is both costly and time-consuming. | knew that if I could develop a way to recover the parts, it
would not only save material costs but also improve overall production efficiency. This challenge set the stage
for the development of the recovery process I’m about to describe.

2. Challenges Faced in Molding Glass-Reinforced PP

2.1 Material Behavior During Cooling

The primary issue with glass-reinforced PP is its behavior during the cooling phase of injection molding. As
the material cools, the polymer matrix contracts, but the glass fibers do not shrink at the same rate, leading to
internal stresses that cause warpage. This is particularly problematic in parts with large surface areas or thin
walls, where the uneven distribution of fibers exacerbates the warping effect.

In my case, the parts we were producing had thin, flat surfaces that were prone to warping. As the parts cooled,
they deformed in unpredictable ways, making them unsuitable for their intended application. The rigidity of
the glass fibers also contributed to the problem, as the fibers created internal stresses that caused the parts to
lose their flexibility.

2.2 Fiber Orientation and Shrinkage

The orientation of glass fibers within the PP matrix plays a significant role in determining the final
dimensional stability of the part. During the injection molding process, the fibers tend to align along the
direction of flow, creating anisotropic shrinkage. This means that the part will shrink more in one direction
than in the other, leading to warpage. In some cases, the warpage is so severe that the part cannot be used,
resulting in material waste and increased production costs.

The parts we were producing had a complex geometry that made fiber orientation particularly challenging.
The fibers tended to align in certain areas of the part, creating regions of high stress that caused the part to
warp as it cooled. | realized that to recover the parts, | would need to find a way to alleviate these stresses
during the cooling phase.

3. Developing the Recovery Process

3.1 The Initial Problem and Early Experiments

In July 2018, after discovering that a batch of parts molded with Optipro glass-reinforced PP had been
scrapped due to warpage, | immediately began experimenting with ways to recover the parts. | considered
several options, including remolding the parts and using chemical treatments to soften the material, but these
methods were either too costly or too time-consuming.

Instead, | decided to focus on reheating the parts to restore their flexibility. | knew that polypropylene has a
specific softening point, and | hypothesized that by reheating the parts to this temperature, | could alleviate
the internal stresses and restore the parts to their original shape. After conducting several trials, | determined
that reheating the parts in an infrared oven at 230°F was the most effective solution.
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3.2 The Choice of Infrared Heating

Infrared heating proved to be the ideal method for this recovery process because it provides uniform heat
distribution without the need for direct contact. This was crucial for ensuring that the entire part softened
evenly, without creating hot spots that could lead to further defects. I conducted several experiments to
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determine the optimal reheating time, eventually settling on a 10-15 minute heating cycle.

Glass
reinfirced
polyfrolylers

B I
@
£) 3

GlAS‘S-REin?lFCEO P
eleane
Gl TREETE
wwelght e

has-Teimknrced
protponocienc -

SLAS > .
# (® REINARCED ¥
POLYFOTTLENE

7 Glass-réfh'bimed polypropylene .

g
“  EVERLY

PREVENINT
WARPATLE poiyiasslene

— KEY COOLING STEPS

© i‘\' 2 .t 2 @ i/,. @ =T .

EVENLY . °
SPACED  ..*
WARPACE,

o o

Ao
(3D

reimtrmeed

1IJIRMPS1804231541 Website: www.ijirmps.org

Email: editor@ijirmps.org


https://www.ijirmps.org/

Volume 6 Issue 4 @ July - August 2018 IJIRMPS | ISSN: 2349-7300

. et = e
Diagram 1: Material Properties of Glass-Reinforced PP and Diagram 2: Its Reheating Curve
The diagram above shows the softening point of glass-reinforced PP and its behavior when reheated to 230°F.
As the material approaches its softening point, the internal stresses caused by fiber orientation begin to relax,
allowing the part to regain its flexibility.

4. Cooling and Warpage Prevention

4.1 Controlled Cooling with Weights

After reheating the parts, | realized that the cooling process would be critical in preventing warpage from
reoccurring. During the initial trials, | observed that if the parts were allowed to cool naturally, they would
warp again due to the internal stresses created by the glass fibers.

To prevent this, | developed a method where the parts were placed upside down on a flat surface with weights
applied to the center. This ensured that the parts cooled evenly, preventing further warpage. The weights
helped to counteract the internal stresses and kept the parts flat as they solidified.

Figure 2 : Cooling Method with Weights to Prevent Warpage
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The diagram above illustrates the cooling method I developed, showing how the weights were applied to the
parts to ensure even cooling and prevent warpage.

4.2 Fixture Development for Optimized Cooling

After learning from the success of the recovery recipe, | took the next step by designing a fixture to improve
the cooling process. The fixture was capable of holding eight parts simultaneously, allowing them to cool in
a controlled environment immediately after molding. By implementing a first-in-first-out (FIFO) system, |
ensured that the parts were packed in the correct order, further reducing the likelihood of defects.

Figure 3: Fixture for Cooling Parts
The image above shows the fixture | developed and implemented at the machine to optimize the cooling
process. This system eliminated the risk of warpage and allowed us to pack the parts more efficiently.

5. Results and Findings

5.1 Flexibility and Strength Restored

The reheating process successfully restored the flexibility and strength of the scrapped parts. After cooling,
the parts were subjected to mechanical testing, which confirmed that their tensile strength, elasticity, and
dimensional accuracy were within acceptable limits. The parts met all of the customer’s specifications and
were shipped on time without any further issues.

5.2 Eliminating Customer Complaints

Since implementing the fixture-based cooling system, we have not experienced any issues with part warpage.
This has resulted in zero customer complaints related to defective parts, significantly improving our reputation
for quality and reliability. The process has also been scaled to accommodate larger production volumes,
ensuring that we can maintain consistent quality even during high-demand periods.

6. Financial and Environmental Impact

6.1 Cost Savings from Material Recovery

The recovery process saved approximately $25,000 in material, management, QN, Administrative, sources
costs for this batch of parts alone. By avoiding the need to remold the parts, we also saved valuable machine
time and labor costs. Over the long term, this recovery process has allowed us to reduce material waste and
improve overall production efficiency.
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6.2 Environmental Benefits

In addition to the financial savings, the recovery process has also had a positive impact on the environment.
By recovering defective parts rather than scrapping them, we have significantly reduced our material waste.
This aligns with our company’s commitment to sustainability and reducing our carbon footprint.

7. Long-Term Implementation and Industry Comparisons

7.1 Industry Comparisons

The recovery process | developed stands in stark contrast to industry-standard practices, where scrapped parts
are often remolded or discarded entirely. Other companies facing similar issues with warpage have struggled
to find cost-effective solutions, and many have not explored the potential of reheating methods. This positions
our company as an industry leader in innovation and problem-solving within the injection molding sector.
7.2 Scalability and Future Applications

This process has the potential to be applied to other types of thermoplastics, including carbon-fiber-reinforced
polymers. Future research could explore the application of this recovery method to different materials and
larger production volumes, ensuring that it can be scaled to meet the needs of diverse industries.

Conclusion

The recovery process developed in July 2018 marked a pivotal advancement in addressing the challenges of
scrapped parts within the plastic injection molding industry, particularly with materials such as Optipro glass-
reinforced polypropylene (PP). Through innovative use of infrared heating at 230°F and a controlled cooling
method, | was able to restore flexibility and mitigate warpage in parts that would have otherwise been
discarded. This method not only saved approximately $25,000 in material and operational costs but also
preserved valuable machine time and labor, contributing to a more efficient production line.

The fixture-based cooling system has become integral to our process, offering repeatable success in
eliminating defects and ensuring that customer specifications are met without delay. The absence of customer
complaints following the implementation of this system further validates its effectiveness in real-world
applications. By addressing these common quality issues in a systematic way, we strengthened our reputation
for reliable production and proactive problem-solving.

Moreover, this process offers significant environmental benefits by reducing material waste and aligning with
sustainability goals, a key consideration for the modern manufacturing landscape. Unlike traditional
approaches that rely heavily on remolding or disposal, the reheating and controlled cooling method offers a
resource-efficient alternative. It demonstrates that waste can be minimized, and defective parts can be
recovered without compromising on quality, setting a new standard for best practices in the industry.
Looking forward, there is great potential for this recovery process to be applied to other thermoplastic
materials beyond glass-reinforced PP. The scalability of this method suggests that it could serve as a universal
solution for various polymers, including those reinforced with other fibers, such as carbon or aramid.
Additionally, future research could explore optimizing the reheating and cooling times for different material
formulations, ensuring that this process remains adaptable to diverse production environments.

In conclusion, this recovery process not only addresses immediate operational and financial concerns but also
opens the door to broader applications in the field of injection molding. It is a testament to how innovation,
driven by necessity, can lead to lasting improvements in production quality, efficiency, and sustainability. As
we continue to refine and expand this approach, it positions our company at the forefront of technological
advancements in the injection molding sector, offering both practical and environmental benefits for years to
come.

IJIRMPS1804231541 Website: www.ijirmps.org Email: editor@ijirmps.org 6



https://www.ijirmps.org/

Volume 6 Issue 4 @ July - August 2018 IJIRMPS | ISSN: 2349-7300

References

1. J.G. Koo, "Polypropylene Reinforced with Glass Fiber: A Review of Properties and Applications,”
Journal of Thermoplastic Composite Materials, 2016.

2. D.A. Sotiropoulos, "Advances in Polypropylene Injection Molding," Polymer Engineering and Science,
2017.

3. T. Nakamura, "Material Properties of Glass-Reinforced Polypropylene,” International Journal of
Materials Research, 2015.

4. S. Demiroglu, "Challenges in Molding Glass-Reinforced Thermoplastics,” Plastics Technology, 2016.

5. R. Horikoshi, "Injection Molding Defects: Understanding Warpage in Fiber-Reinforced Plastics,"”
Polymer Engineering, 2016.

6. M.L. Grassie, "Shrinkage and Warpage in Thermoplastic Molding," Journal of Polymer Science, 2015.

7. B.C. Williams, "Reprocessing of Thermoplastic Composites: A Review," Composites Science and
Technology, 2017.

8. R.P. Hornby, "Thermal Behavior of Polypropylene and Its Applications in Molding," Polymer Research

Journal, 2015.

IJIRMPS1804231541 Website: www.ijirmps.org Email: editor@ijirmps.org 7



https://www.ijirmps.org/

