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Abstract

In the plastic injection molding industry, ensuring the precise placement of metal inserts during the
over-molding process is critical to avoiding damage to molds and maintaining product quality. This
paper details my experience in implementing a smart manufacturing system at our facility in North
Carolina, USA, using Al and machine vision to detect metal insert misalignment. The system prevents
the molding press from closing unless all four metal inserts are properly positioned, eliminating the
risk of damage. This Al-based solution, which I integrated into our operations in April 2018, solved a
significant problem that had previously posed financial, reputational, and supply chain risks. The
system’s impact on operational efficiency, cost savings, and maintaining customer satisfaction is
explored in detail, with a focus on the practical implementation and results.
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1. Introduction

1.1 Background of Injection Molding

As someone working in the plastic injection molding industry, | understand how crucial precision is,
especially when dealing with complex molds and metal inserts. Injection molding has long been the preferred
manufacturing process for creating durable, high-quality plastic parts in large volumes. Our facility, located
in North Carolina, produces components for industries such as automotive and electronics, where high
strength and durability are essential. Metal inserts embedded in plastic parts offer that extra structural
integrity, but they come with a unique set of challenges.

Even a small misalignment during the over-molding process can lead to serious mold damage, which can halt
production, cost the company thousands of dollars in repairs, and cause significant delays in the supply chain.
Like many facilities, we had relied on manual checks and basic automation to ensure that these metal inserts
were properly placed, but human error was still a recurring issue.

1.2 The Problem

In early 2018, it became clear that our reliance on manual inspections wasn’t enough to prevent mold damage
caused by misaligned metal inserts. One of our high-value molds required four metal inserts to be placed
precisely before over-molding. However, there were instances where these inserts were installed incorrectly,
causing the mold to close improperly, which resulted in damage that required expensive repairs. Not only did
these incidents cost us tens of thousands of dollars in repairs, but they also created bottlenecks in production
that led to supply chain delays and customer dissatisfaction.

At that point, it was evident that we needed a more reliable solution. I took the lead on a project to implement
a system that could automatically verify the correct positioning of the inserts and prevent the mold from
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closing unless all four inserts were in place. My goal was to eliminate the risk of mold damage and avoid the
potential for further delays, costs, and damage to our reputation.

CAUTION: ALL 4 INSERTS MUST BE PLACE
OR THIS WILL CAUSE FOR MOLD TO BREAK.

2. Literature Review

2.1 Smart Manufacturing in Injection Molding

Smart manufacturing has been a game-changer for industries like ours, especially when it comes to improving
precision and reducing errors in complex processes like injection molding. The use of Al, machine learning,
and 10T (Internet of Things) technologies allows us to automate many of the tasks that were traditionally
dependent on manual labor or basic automation. At our facility, adopting these technologies meant more than
just streamlining production—it meant addressing a critical issue that was costing us both time and money.
In researching solutions, | came across several studies that highlighted how Al-based systems could be applied
to manufacturing. Monostori (2014) discussed how cyber-physical systems could monitor production in real
time, detecting issues before they became costly problems. Similarly, Xu (2012) emphasized the benefits of
cloud-based manufacturing systems, where real-time monitoring and data analytics allowed operators to
respond quickly to potential issues. | saw this as a great opportunity to apply such technology to our insert
placement problem.

In our case, the existing automated checks—things like pressure sensors and limit switches—just weren’t
capable of catching subtle misalignments of the metal inserts. We needed something smarter, something that
could actually “see” the inserts and make decisions based on their position.

2.2 Vision Systems in Manufacturing

Machine vision systems have become increasingly popular in manufacturing, particularly for applications
where accuracy and consistency are critical. These systems use cameras to capture images of parts and
components, which are then analyzed by software to ensure everything is in the correct position. For us, a
vision system seemed like the ideal solution for checking the placement of the metal inserts.

The studies I reviewed, such as Groover’s (2007) work on automation and Davies’ (2012) research on machine
vision, provided a strong foundation for moving forward with this idea. Both emphasized how vision systems
could reduce human error and improve quality control. What really stood out to me was how Al could enhance
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these systems by allowing them to learn and adapt. By integrating Al, the vision system wouldn’t just
passively capture images—it could actively make decisions and prevent the mold from closing if the inserts
weren’t properly aligned.

3. The Solution: Al-Based Vision System for Metal Insert Positioning

3.1 Problem-Solving Approach

After seeing the potential of vision systems, | began working with an automation company to develop an Al-

based solution that would fit our specific needs. The goal was clear: prevent the molding press from closing

unless all four metal inserts were perfectly aligned inside the mold cavity.

I knew from our past experience that mold damage was primarily caused by misaligned or missing 1 or more

out of 4 inserts. These inserts need to be in exactly the right position for the mold to close properly, and even

a small deviation could result in serious damage. To solve this, we decided to use a high-resolution camera

system that could capture real-time images of the inserts and feed those images into an Al algorithm designed

to check for alignment.

3.2 System Design and Integration

The system we installed consisted of three main components:

o Camera Setup: We mounted a high-resolution camera at the press. This camera captured images of all
four metal inserts before the press was activated.

e Al Algorithm: The images from the camera were processed by an Al algorithm. This algorithm was
trained to recognize the correct position of the inserts. If the inserts were out of place, even by a small
margin, the system would prevent the mold from closing.

e Machine Control Integration: The system was directly integrated with the press’s control panel. If the
Al system detected a misalignment, the press wouldn’t close until the operator corrected the issue. This
integration was crucial, as it ensured that human error was eliminated from the equation.

Diagram: Vision System and Machine Control
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Diagram description: The diagram outlines how the camera captures images of the metal inserts, sends them
to the Al algorithm for processing, and how the system connects to the press’s control panel to prevent mold
closure if there’s any misalignment.

By implementing this system, we effectively automated the inspection process, ensuring that no mold could

close unless the inserts were positioned perfectly. This completely eliminated the risk of mold damage from

misaligned inserts.

3.3 Benefits of the System

The benefits of this Al-based system were immediately apparent:

1. Complete Elimination of Mold Damage: Since the system was installed in April 2018, we haven’t
experienced a single instance of mold damage caused by misaligned inserts. The cost savings from
avoiding these repairs have been substantial, easily preventing up to $50,000 in potential annual losses.

2. Increased Efficiency: By automating the insert inspection process, we reduced cycle times and increased
production output. There’s no longer any need for operators to manually check the inserts before the mold
closes, which has streamlined our operations.

3. Improved Supply Chain Reliability: Preventing mold damage has also eliminated the production delays
that used to occur when we had to shut down the press for repairs. This has helped us maintain a steady
supply chain, ensuring on-time deliveries to our customers.

4. Protecting Our Reputation: Consistently delivering high-quality products on time has been critical to
maintaining our relationships with customers. Since implementing this system, we’ve avoided potential
Quality Notices (QNs) from customers, which has helped protect our reputation in the industry.

4. Results and Discussion

4.1 Data Review and Cost Analysis

When we first installed the Al system in April 2018, we saw an immediate drop in mold damage costs. Before
the system was installed, we were spending anywhere from $5,000 to $12,000 per month on mold repairs
caused by misaligned inserts. If we hadn’t implemented this solution, we were looking at potential losses of

IJIRMPS1805231542 Website: www.ijirmps.org Email: editor@ijirmps.org 4



https://www.ijirmps.org/

Volume 6 Issue 5 @ September - October 2018 IJIRMPS | ISSN: 2349-7300

around $50,000 annually, not to mention the production downtime that came with every repair.
After the system was up and running, the costs associated with mold damage dropped to zero. The graph
below shows the dramatic difference in mold damage costs before and after the system’s implementation.

Graph: Cost of Mold Damage Before and After Al System Installation
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Here is the graph showing the Cost of Mold Damage Before and After System Installation. The red dashed
line indicates when the Al system was installed, and you can see that the costs dropped to zero after the system
was put in place.

By eliminating the source of damage, we not only saved on repair costs but also avoided production delays
and the financial losses that came from press downtime. This has been critical for protecting the company’s
capital, maintaining efficient operations, and avoiding potential penalties or negative feedback from
customers due to delayed shipments or quality concerns. The Al system’s success in reducing mold damage
to zero cannot be overstated, as it not only addressed the direct financial impacts but also improved the overall
health of our production processes.

By implementing this Al-based solution, we were able to maintain continuous production without unplanned
interruptions, and this consistency has helped us meet our production targets and delivery deadlines without
issue. This system has played a key role in reducing stress on our supply chain, ensuring we stay on track and
keep customers satisfied.

4.2 System Accuracy and Reliability

Over the course of six months, we monitored the system’s performance closely. During this period, the system
detected 14 instances where one or more metal inserts were improperly aligned. In each of these cases, the
system successfully prevented the mold from closing, allowing operators to fix the problem before production
could continue. This proactive approach was instrumental in maintaining the integrity of our molds and
preventing costly damage.

The table below highlights the system’s accuracy over this period:
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Table: AI System’s Detection Accuracy

Month Misalignment Detected MOldPDrZ\rlzii]:dCases
April 2018 2 >
May 2018 3 3
June 2018 1 1
July 2018 4 4
August 2018 2 5
September 2018 2 >

These numbers confirm the system’s reliability, detecting misaligned inserts with 100% accuracy. Not a single
instance of mold damage occurred after the system was installed, and all 14 potential issues were resolved
before they could result in a problem.

5. Conclusion

Looking back, implementing the Al-based vision system to ensure proper metal insert placement has been a
game-changer for our facility in North Carolina. This system completely eliminated the issue of mold damage
caused by misaligned inserts, a problem that had been costing us a significant amount in both repairs and lost
production time. The financial savings alone—avoiding tens of thousands of dollars in mold repairs each
year—have been substantial, but the impact goes well beyond just cost savings.

By automating the insert placement check, we were able to speed up our production process and improve
operational efficiency. Manual inspections, which were prone to human error, have been entirely replaced
with an accurate, reliable system. This has reduced our cycle times, increased output, and allowed us to meet
tight deadlines consistently, helping us maintain a steady, efficient production flow.

The system has also played a key role in improving our relationships with customers. Preventing mold damage
has kept our supply chain running smoothly, and we've avoided the production delays and quality issues that
previously led to potential customer complaints. As a result, we've been able to deliver products on time and
to the high standards our customers expect, protecting our reputation in the industry.

This project has also shown me just how much potential Al and smart manufacturing technologies have to
offer in terms of improving traditional manufacturing processes like injection molding. What we’ve
accomplished with this system is only the beginning. As these technologies continue to develop, | believe
they will create even more opportunities to reduce costs, improve quality, and optimize our production
processes even further.

In conclusion, implementing this Al-based system has been one of the best decisions we’ve made for
improving our operations. Not only has it solved a major problem, but it has also set us up for continued
success by ensuring quality, maintaining efficiency, and supporting strong customer relationships. The
positive results we’ve seen have been clear, and I’m excited to explore how we can continue to leverage these
technologies in the future.

(2]
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