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1. Executive Summary

Parts made of composite material, such as carbon fiber, are a key component in diverse

Industries, from aerospace and automotive to wind energy and sporting goods. However, the
manufacturing process faces a significant challenge: the autoclave curing step. Autoclave scheduling
In composite manufacturing Is a critical process that impacts efficiency,

cost-effectiveness, and sustainability. This whitepaper explores the challenges faced in the

current scheduling process and the benefits of implementing an automated scheduling solution.

Scheduling operations for the autoclave can be complex and challenging, often leading to
Inefficiencies and increased costs. One of the primary challenges is to keep the plan up-to-date and
quickly respond to unexpected changes on the factory floor.

Production scheduling software offers a way to optimize resource utilization, reduce downtime, and
ensure consistency and high quality in production. By automating the scheduling process,
manufacturers can improve efficiency, reduce costs, keep the plan updated at all times and
consistently meet production deadlines. Additionally, compliance with power regulation hours and
sustainability goals can be more easily achieved.

Looking ahead, industry innovations and emerging technologies are expected to improve

autoclave scheduling further. Manufacturers should stay informed about these trends to remain
competitive in the evolving landscape of composite manufacturing.
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2. Background and Overview

The world around us is increasingly shaped by composites, a class of materials renowned for their
exceptional strength-to-weight ratio, which is up to 5 times stronger than steel at the same weight.
They are also known for their design erX|b|I|’ry and corrosion resistance.

Composites manufacturing involves the use of two or more materials with different physical or
chemical properties to create a final product with enhanced characteristics.

However, the manufacturing process for these materials presents a unique challenge: the
autoclave. Let's delve deeper to understand the autoclave and its challenging aspects in the
manufacturing process.

The Role of Autoclave in Composites Manufacturing Process

The autoclave i1s a critical component In the production of high-performance composite materials. It
Is a pressure vessel that can withstand high temperatures of up to 350°C and pressures up to 7 MP,
making It an essential piece of equipment in composite manufacturing.

It provides the necessary conditions for curing the materials, which is a process that involves applying
heat and pressure to solidify the resin and activate the bonding process between the fibers.

The autoclave plays a crucial role in this process by subjecting the materials to heat and pressure,
which helps them bond together and form the final product.

Challenges In the Current Scheduling Process

Unfortunately, efficient scheduling of autoclave operations is often a complex and time-consuming task, often
leading to delays, inefficiencies, and increased costs. Several factors contribute to this challenge, including:

Energy costs: Autoclaves consume a significant amount of energy. Research states that the average power
consumption of the heating elements during operation can reach 435 kW.

Multiple variables: Scheduling needs to account for various factors like part size, cure cycles, cure temperatures,
cool-down times, vacuum ports, and designated tools, making it a complex puzzle to solve.

Limited visibility: Traditional, manual scheduling methods often lack real-time data and insights, making it difficult
to optimize the process, identify inefficiencies, and predict potential bottlenecks.

Human error: Manual scheduling is prone to human errors which can lead to delays, mistakes, and wasted
resources.

Unexpected changes: Keeping the plan ‘up to date’ and quickly responding to changes is another challenge, to
name a few unexpected factory floor events: sick personnel, delays in vacuum bagging operations, or a missing
mold.

Immense Energy Costs and Impact on Sustainability

In the face of these challenges, advanced technology offers a powerful solution: automated scheduling software.
By leveraging artificial intelligence (AI) algorithms and the cloud computing power, these solutions can fransform
the autoclave scheduling process, leading to significant improvements in efficiency, cost-effectiveness, and
sustainability.

The scheduling process Is optimized by 20-30%, ensuring efficient use of resources, minimizing downtime, and
maintaining high-quality production standards.
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3. Technology for the Rescue:
The Need for Automated Scheduling Solution

In the face of these challenges, advanced technology offers a powerful solution: automated scheduling software.
By leveraging artificial intelligence (AI) algorithms and the cloud computing power, these solutions can transform
the autoclave scheduling process, leading to significant improvements in efficiency, cost-effectiveness, and
sustainability.

The scheduling process is optimized by 20-30%, ensuring efficient use of resources, minimizing downtime, and
maintaining high-quality production standards.

Choosing the right solution/ vendor for your needs:

To make the right choice, manufacturers need to pay careful consideration to their specific needs and operating
environment. Look for a solution offering:

Customization: The ability to easily configure the software (without coding) to your specific equipment,
production processes, and scheduling priorities is crucial.

Data integration: Seamless integration with your existing Manufacturing Execution System (MES) or Enterprise
Resource Planning (ERP) systems ensures smooth data flow and facilitates informed decision-making.

Scalability: As your production needs evolve, the chosen solution should be scalable to accommodate your
future growth, support multiple production sites and the ever-changing industry requirements.

Ease of implementation: Look for vendors who prioritize a seamless implementation process. A well-designhed
and intuitive solution will minimize disruption to manufacturing operations and allow manufacturers to start
reaping benefits quickly.

Increasing overall OEE

By implementing an automated scheduling solution, manufacturers can achieve significant improvements in
their Overall Equipment Effectiveness (OEE), leading to manufacturing efficiency and on-time delivery. The
solution can achieve this by:

Opfimizing Resource Utilization: Automated scheduling solutions help optimize the use of resources such as
materials, equipment, and labor. By efficiently scheduling autoclave operations, manufacturers can reduce
energy waste significantly and maximize the productivity of their resources by 20-30%, ultimately improving
their bottom line.

Reducing Downtime and Delays: By optimizing scheduling and minimizing idle time between jobs, the solution
can significantly reduce downtime and delays in the production process. This ensures smoother workflow, fimely
deliveries, and improved customer satisfaction.

Meeting Production Deadlines: A 2023 Zendesk report found that 90% of manufacturers say on-time delivery is
essential for building trust with a business. Automated scheduling solutions help manufacturers predict, plan,
and execute production schedules more effectively, ensuring that orders are completed on time and in full.

Ensuring Consistency and High Quality

Consistency and quality are paramount In composite manufacturing. Automated scheduling solutions help
maintain uniformity in production processes, ensuring that each product meets stringent quality standards. The
solution can automate and manage pre-defined curing cycles, ensuring consistent application of the correct
temperature and pressure profiles for each part. This leads to uniform product quality across batches.
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4. Benefits of Autoclave Scheduling Software

Implementing an automated scheduling solution for your autoclave operations can unlock a multitude of ben-
efits, positively impacting your production efficiency, cost structure, and environmental footprint. Let's look
closer at some key advantages:

Improved Efficiency and Throughput

One of the primary benefits of autoclave scheduling software is improved efficiency and throughput. Studies that
were presented at Deskera have shown that automating scheduling can increase overall production efficiency by
20-30%. By automating the scheduling process, manufacturers can reduce idle time, which can account for up to
30% of the total autoclave operation time, and optimize the use of the autoclave, leading to increased productivity.
The production optimization software's ability to optimize the sequencing of autoclave runs based on factors such
as material requirements, curing tfimes, and equipment availability ensures that the autoclave operates at
maximum capacity, minimizing delays and bottlenecks in production.

Cost Savings and Resource Optimization

Autoclave scheduling software helps manufacturers achieve cost savings and optimize resource utilization. By
reducing downtime and idle time, manufacturers can lower operating costs and improve profitability.
Additionally, the software's ability to optimize resource utilization ensures that materials, equipment, and labor
are used efficiently, minimizing waste and reducing costs. Manufacturers can also benefit from reduced energy
consumption, as the software can optimize the scheduling of autoclave runs to coincide with off-peak hours
when energy costs are lower.

Sustainability and compliance with power regulation hours etc.

By optimizing the scheduling of autoclave runs, manufacturers can reduce their carbon footprint and minimize
their impact on the environment.

Additionally, the software can help manufacturers comply with power regulation hours by scheduling autoclave
runs during tfimes when energy consumption iIs lower, reducing the strain on the power grid and potentially
qualifying for energy incentives or rebates.
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5. Best Practices in Autoclave Scheduling

To achieve the full benefits of automated autoclave scheduling, it is crucial to implement certain best
practices. Let’s explore some of the key areas to focus on:

Scheduling Algorithms and Strategies

Implementing effective scheduling algorithms and strategies is crucial for optimizing autoclave operations iIn
composite manufacturing. Manufacturers can leverage advanced algorithms to generate optimal production
schedules.

By considering factors like production priorities, resource availability, and processing times, manufacturers can
create efficient schedules that minimize idle time, reduce setup costs, and maximize throughput. Additionally,
utilizing strategies like just-in-tfime scheduling or dynamic scheduling can help manufacturers adapt to changing
production demands and improve overall operational efficiency.

Monitoring and Adaptation

Manufacturers should regularly track key performance indicators (KPIs) related to autoclave operations, such as
cycle times, downtime, and utilization rates.

By analyzing real-time data and performance metrics, manufacturers can identify inefficiencies, anticipate
potential bottlenecks, and make data-driven decisions to optimize scheduling processes. Additionally, the ability to
adapt schedules In response to unexpected disruptions or changing priorities is essential for maintaining
production continuity and meeting customer demands.
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Ensuring Compliance

Safety and compliance are paramount considerations in autoclave operations to protect personnel, equipment,
and the environment. Best practices in autoclave scheduling include implementing safety protocols, conducting
regular equipment maintenance, and adhering to industry regulations and standards.

Manufacturers should ensure that autoclave operations meet safety guidelines for pressure vessels, temperature
controls, and curing processes to prevent accidents and ensure worker safety. Additionally, compliance with
environmental regulations and quality standards is essential to uphold product integrity and reputation.

Collaboration between Planning and Operations

Effective integration between planning and operations hinges on adopting platforms that promote seamless data
sharing. The gap between planners using Excel and operators with Manufacturing Execution Systems (MES) often
leads to outdated plans and production delays.

To address this, a unified cloud platform enables direct collaboration between planning and operations, providing
real-time insights and reports for informed decision-making.

This approach ensures up-to-date weekly plans and swift adaptation to unexpected factory floor events. By
aligning planning and operations, we streamline production, reduce cycle times, and boost throughput, moving
from disjointed systems to a connected, efficient platform.
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6. Future Trends in Autoclave Scheduling

The future of autoclave scheduling holds exciting possibilities, fueled by continuous advancements in technology
and a growing focus on sustainability.

Industry Innovations and Emerging Technologies: A study by Market Research Future estimates that the global
market for AI in manufacturing will reach USD 28.30 billion by 2027, with a Compound Annual Growth Rate
(CAGR) of 43.20% during the forecast period (2022-2027). This significant growth demonstrates the potential for
Al to significantly impact the future of this field. Let's explore some emerging trends:

Industry Innovations and Emerging Technologies

The future of autoclave scheduling is poised for significant advancements driven by industry innovations and
emerging technologies. Manufacturers are increasingly exploring cutting-edge solutions, such as artificial
Intelligence (AI), machine learning, and advanced analytics, to optimize scheduling processes.

technologies enable predictive modeling, real-time decision-making, and automated optimization of production
schedules. With the power of Industry 4.0 technologies, manufacturers can enhance operational efficiency, reduce
costs, and improve overall productivity in autoclave operations.

Predictive Maintenance and IoT Integration

The integration of predictive maintenance and Internet of Things (IoT) technologies is revolutionizing autoclave
scheduling practices. Predictive maintenance algorithms analyze equipment data to forecast potential failures
and schedule proactive maintenance tasks, while IoT sensors collect real-fime performance data, enabling
remote monitoring, predictive analytics, and condition-based maintenance.

This allows manufacturers to enhance equipment reliability, optimize maintenance schedules, and ensure the
continuous operation of autoclaves and related equipment such as molds.
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Sustainability and Environmental Considerations

Autoclave scheduling software is being designed to optimize energy consumption, minimize waste generation,
and comply with environmental regulations. By incorporating sustainability practices into scheduling decisions,
manufacturers can reduce their carbon footprint, enhance resource efficiency, and contribute to a greener
manufacturing ecosystem.

Embracing sustainable autoclave scheduling practices not only benefits the environment but also alighs with
consumer preferences for eco-conscious products and processes.

Conclusion

Autoclave scheduling plays a crucial role in the efficiency, cost-effectiveness, and sustainability of composite
manufacturing. By implementing best practices and leveraging advanced technologies, manufacturers can
optimize their autoclave operations and achieve significant benefits, such as improved efficiency and
throughput, cost savings, sustainability, reduced idle time, optimized resource utilization, and compliance with
regulatory requirements. Additionally, autoclave scheduling software helps improve overall equipment
effectiveness (OEE) and meet production deadlines more effectively.

Looking ahead, autoclave scheduling will continue to play a crucial role in the future of composite
manufacturing. As technology advances and sustainability becomes a greater focus, manufacturers will need to
adopt innovative scheduling practices to remain competitive. Predictive maintenance, IoT integration, and a

growing emphasis on sustainability will shape the future of autoclave scheduling, driving efficiency and
productivity in the industry.

Plataine's Solution: Optimize, Automate, Succeed

A comprehensive solution is available to address these challenges, leveraging the benefits of AI, IIoT, and
Industry 4.0 solutions. The Integrated approach offered by Plataine’s Production Scheduler is particularly
advantageous for composite manufacturers, offering enhanced efficiency, predictive maintenance, and
Improved quality control.

Plataine empowers composite manufacturers with an AI-powered Production Scheduler to:

Streamline autoclaves: Optimize scheduling, minimize idle time, and maximize utilization.

Reduce costs: Cut energy consumption, labor costs, and material waste.

Boost efficiency: Increase OEE, throughput, and overall factory efficiency.

Enhance sustainability: Minimize resource usage and promote sustainable practices.

What to Do Next?

Ready to take your autoclave scheduling to the next level? Plataine’s Production Scheduler can help you achieve
significant improvements in efficiency, cost savings, and sustainabillity.

To learn more about how Plataine can help you optimize your autoclave operations, talk to our Digital
Transformation experts here.

Talk to our Digital experts here:

https://www.plataine.com/contact-us/.
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