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[bookmark: _Toc136026565]1.0 Introduction 
During my time at Aston Martin Lagonda working in and with the maintenance and facilities team working around the DBX. There’s always been a clinical need for improvements across the plant. One of the needs to bring improvements to the facility was the implementation of painting the sports cars from the Gaydon factory to St Athan where the new paint shop is located. With this higher volume of cars in the plant, it has been essential that the process had to speed up. The biggest time consumer was the Automated Storage and Retrieval System (ASRS). “Automated Storage and Retrieval Systems are just that – automated systems that efficiently and securely store items in a compact footprint.  They also allow users to retrieve items easily and quickly when needed.  Several companies manufacture a wide variety of self-contained, goods-to-person, automated storage, and retrieval systems (ASRS). The technologies handle different volumes, types, and velocities of non-palletized inventory at variable speeds to accommodate varying throughput demands. When considering the options, keep in mind both the storage density your facility needs as well as your throughput goals.” (Kardex, 2023). 

To enhance the efficiency of delivery and storage processes, it becomes evident that augmenting the velocity of the Automated Storage and Retrieval System's (ASRS) long travel would be the most straightforward and optimal approach to accelerate operations. Accelerating this particular motion would yield substantial advantages for Aston Martin Lagonda across both of its plants. By expediting this motion, the company can produce and transport more cars, leading to increased profitability. The amplified speed of the ASRS long travel would result in swifter retrieval and storage of components, facilitating streamlined manufacturing and assembly operations. Consequently, the reduced time required for these processes would allow for a higher volume of cars to be manufactured, leading to an overall increase in production output. The enhanced efficiency in delivering and storing components would also enable faster response times to customer demands, allowing the company to meet market requirements more swiftly. This increased agility and responsiveness can contribute to heightened customer satisfaction and loyalty. Moreover, the improved efficiency in storing and retrieving components would optimize space utilization, maximizing the capacity of the plants and potentially reducing storage costs. This cost optimization, combined with the increased production output, would lead to a greater profit margin for Aston Martin Lagonda. Overall, by focusing on enhancing the speed of the ASRS long travel motion, Aston Martin Lagonda can effectively boost operational efficiency, increase production output, meet customer demands promptly, optimize space utilization, and ultimately drive higher profitability.












[bookmark: _Toc136026566]2.0 Project Objectives 


The project objective for the team how to speed up the ASRS by 100% this will enable us to hit the 2023 volume that is being requested of us by higher management. After identifying a bottleneck in the paint shop the ASRS, identified the amount of stress this equipment.

The paint shop has been requested to hit ten thousand cars per year. Aston Martin’s current paint shop capacity is four half a thousand cars per year at St Athan.	 


2.1 Three options to achieve the objectives set.

Option 1 – Speed up the long travel motion on the ASRS, this will allow the crane to travel faster in the traverse motion, the longest motion in the process. 

Option 2 – Speed up the hoist motion, the second longest process in the ASRS’s process, this will allow the ASRS to move up and down in half the time.

Option 3 – Add another ASRS onto the rail, will two systems working in tandem to receive and deliver goods out of the racking in the crane. 


2.2 Chosen option.

The chosen option was to speed up the long travel of ASRS. The reason behind this choice and why it was chosen is as follows. The cost is due to the motors needed being smaller and easier to install. The long travel changes will also be less disruption to production, as the job can be done in segments over a period of weekends. 

Chosen Options Set Objectives 
 
To increase the speed of the long travel of the ASRS the main objective will be to replace the motors, gearboxes, and the inverters. this will double the operation transfer speed of the crane. The safety dampers well must be upgraded to ensure safety requirements are met. This will have to be worked out to ensure that we have the right stopping distance in case of failure. 







2.3 Basic Engineering Behind the Objective 

How to increase the speed of the Long Travel Motors?

Introducing a larger kilowatt variable frequency drive (VFD) into the project holds the potential to facilitate the transition towards a faster long travel motion. The VFD, serving as a pivotal component, plays a crucial role in regulating the rotational speed of an electric motor by manipulating the supplied frequency and voltage. Its primary function is to enable precise control over the motor's speed, thereby empowering it to operate at varying performance levels in alignment with the specific demands of the given application.

By upgrading to a bigger kilowatt VFD, Aston Martin Lagonda can tap into a range of benefits. Firstly, the increased power capacity of the VFD allows for handling higher motor loads, thereby enabling the long travel mechanism to operate more efficiently and effectively. This enhanced capability translates into improved speed and responsiveness, contributing to expedited movement of materials and components within the storage and retrieval system.

Additionally, the adjustable frequency feature of the VFD empowers engineers to fine-tune the rotational speed of the electric motor to precisely match the requirements of the long travel motion. This level of control ensures optimal performance and reduces the likelihood of motor overload or underutilization, thereby enhancing operational efficiency.

Moreover, the larger kilowatt VFD can provide improved torque characteristics, allowing the motor to generate higher levels of force when needed. This elevated torque output enables the long travel mechanism to handle heavier loads with ease, further augmenting the efficiency of the material handling process.

Furthermore, the flexibility offered by the VFD facilitates the implementation of speed profiles and acceleration/deceleration ramps tailored to the specific requirements of the application. By customizing these parameters, engineers can optimize the long travel motion to achieve the desired performance targets, ensuring smooth and controlled operations while minimizing stress on the system.

In conclusion, by upgrading to a larger kilowatt VFD, Aston Martin Lagonda can unlock a range of advantages, including increased power capacity, precise speed control, improved torque characteristics, and flexibility in performance optimization. This technological enhancement paves the way for a faster and more efficient long travel motion, ultimately bolstering the overall effectiveness and productivity of the project. “VFDs are best used in applications with variable torque loads, which may not always need to run at full bore for the entirety of their lifetime. This helps you to use less energy than running a motor at full power all of the time. This also helps to reduce wear on the motor over time.” (Energy Management Corporation, 2023when aiming to enhance the delivery speed within the ASRS long travel motion from 30 meters per second to 60 meters per second, it is imperative to recognize the significance of upgrading both the VFD and the motor. By ensuring compatibility and performance alignment between these components, Aston Martin Lagonda can achieve the desired speed improvement, enhancing the overall efficiency and productivity of the system.

[bookmark: _Toc136026567]3.0 Gant Chart of Project
In order to ensure the timely completion of the project within the designated three-month timeframe, the engineering team took a proactive approach by creating a comprehensive Gantt chart prior to commencing the project. This Gantt chart played a pivotal role in outlining a strategic plan for implementing the system improvement, while also serving as an invaluable tool for efficient time management and meeting crucial project milestones.

By developing the Gantt chart, the team established a visual representation of the project's timeline, tasks, and dependencies. This provided a clear roadmap that allowed for effective coordination and allocation of resources throughout the duration of the project. Each task was meticulously identified and assigned specific durations, enabling the team to understand the sequence of activities and prioritize their efforts accordingly.

One significant advantage of the Gantt chart was its ability to facilitate the organization of work over multiple weekends, minimizing disruptions to regular production schedules. By visualizing the project timeline, the team could strategically plan and allocate specific tasks to weekends, ensuring that the project activities did not interfere with the ongoing production processes. This thoughtful approach reduced potential inconveniences and downtime, enabling the team to make steady progress towards the project's objectives while minimizing adverse impacts on daily operations.[image: A screenshot of a computer
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[bookmark: _Toc136011520][bookmark: _Toc136026549]Figure 1 – Gannt Chart
3.1 Stage one – Purchasing 
Parts to order – 
1) Shock absorbers
2) Floor Bolts 
3) Shock absorber mounting fabrication.
4) Motors 1 and 2 
5) VFD 1 and 2
During the initial stage of the project, the utmost priority was to ensure the timely procurement and arrival of all necessary parts. Recognizing the criticality of this step, it was placed at the forefront of the project plan. Without the presence of the required parts on-site, the entire project would face a significant setback, rendering further progress impossible. To mitigate such risks and guarantee a smooth continuation of the project, a dedicated timeframe of 22 days was allocated specifically for the purchasing and arrival of the parts.

This designated time frame allowed the procurement team to engage in a meticulous process of identifying the required components, sourcing reliable suppliers, and initiating the purchase orders. It encompassed activities such as vendor selection, negotiation, order placement, and logistics coordination to ensure a seamless flow of parts to the project site.

By allowing sufficient time for purchasing and delivery, the project team aimed to minimize any potential delays or disruptions that could arise from logistical challenges or unforeseen circumstances. This proactive approach helped to mitigate the risk of part shortages, enabling the project to progress smoothly once all the necessary components were available on-site.

The allocated 22-day timeframe for parts acquisition demonstrated the project team's commitment to meticulous planning and efficient supply chain management. By securing the timely arrival of parts, the project could proceed as scheduled, laying a solid foundation for subsequent stages of implementation and ensuring the project's overall success.
3.2 Stage 2 – Pre-Install Tasks
During this stage, the project team diligently focused on verifying the specifications of the ordered parts to ensure they aligned with the required specifications for successful installation. Similarly, careful attention was given to ensure that all necessary tools were readily available on-site. To accomplish these crucial tasks, a dedicated timeframe of 5.5 days was allocated. Within this timeframe, the team meticulously reviewed the specifications of the ordered parts, cross-checking them against the project requirements. Additionally, they ensured that all the required tools were present and in proper working condition, ready to be utilized during the installation phase. This diligent verification process was vital in guaranteeing that the project progressed smoothly, without any complications arising from incorrect parts or insufficient tools.
3.3 Stage 3 – Pre-Start Checks
With the controls engineer assigned to the task, we had to verify the current drive speeds against the current PLC output values to demonstrate the crane’s actual speed and output. 2 hours were allocated for this task. 
3.4 Stage 4 – Crane Panel Modification
This is where the team and I disconnected and removed the 5.5KW drive. The profinet communication cards were disconnected from that drive to reuse on the new drive. Install the new 11kW VFD into the panel. The input circuit breaker was also installed due to the new demand on the motor and VFD. The cabling was also upgraded from 2.5mm2 to 4mm2. The brake resistor was then removed, and the new resistor was connected. 
3.5 Stage 5 – Commissioning and Testing 
The wiring was then checked prior to the power once all OK ASOS powered up for a no-load test. The proposition was configured and uploaded from the software. The crane was tested in manual mode by a technician. The crane resent tested in automatic mode, so testing was carried out.
3.6 Revert Stages 
During the planet, you will see a revert plan If the job did not go as planned. These steps as you can see disconnect the mechanical components. then disconnected the electrical components which would then lead us to recommission to the old set-up, to allow for production the run as normal during the week. 

Using the above Gantt chart as a plan for engineering projects like the speeding up of the ASRS is essential for providing direction, optimizing resources, managing risks, ensuring timely completion, fostering collaboration, maintaining quality, controlling costs, and facilitating documentation and continuous improvement. It enhances project efficiency, effectiveness, and success.
A plan gives the team a clear direction on what goals and targets to strive towards for each day. The above chart gave the management staff on the team to optimise what resources they had. This allowed them to see if contractors were needed for the job and allowed for the best people for the correct jobs. In the plan, you can see there is a lot of risk management as the job was being carried out over weekends in-between full production in the weeks. The ASRS is the heart of the factory delivering the cars like a heart delivers blood around the body. So the ASRS project needed a revert stages plan encase production would be affected by a project failure or the team not meeting the plan by bot getting a job done on time. This also gives us quality assurance making sure that the project only goes to the next step if all quality objectives are signed off by the maintenance and controls departments. “Project planning involves comprehensive mapping and organizing of project goals, tasks, schedules, and resources before anyone assigns roles for the project and the team begins to execute the plan. You can avoid almost all of the problems that lead to project failure with proper project planning.” (Jotform.com, 2023) 



4.0 Safety Calculations
Calculations were made to find out what the need was for stopping the crane in case of a failure mechanically or the electrical braking system. 
4.1 Old Damper Unit
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[bookmark: _Toc136011521][bookmark: _Toc136026550]Figure 2 - Type C - 32 Damper
Breaking down the equation for the required stroke on the damper:

30m/min^2 represents a rate of change of distance over time squared. It implies that the distance (in meters) is changing at a rate of 30 meters per square minute. The square minute in the denominator indicates an acceleration over time.
2 * 0.7m/s^2 represents an acceleration. It indicates that the speed (in meters per second) is changing at a rate of 0.7 meters per second squared. The second squared in the denominator signifies an acceleration over time.
By dividing the rate of change of distance by the acceleration, you are calculating the time required for the change in distance to occur due to the given acceleration.

The result of the equation, 0.18m, signifies the time required for the change in distance given the specified acceleration.

Therefore, the time required for the change in distance, given the specified acceleration, is approximately 0.18 meters.

Breaking down the equation for Energy to be Absorbed:

36 tonnes represents a quantity of mass, typically measured in metric tons.
30 m/min^2 represents a rate of change of distance over time squared. It implies that the distance (in meters) is changing at a rate of 30 meters per square minute. The square minute in the denominator indicates an acceleration over time.
2 is a dimensionless scalar factor.
By multiplying the mass (36 tonnes) by the rate of change of distance (30 m/min^2), and then dividing the result by 2, you are calculating a quantity related to torque per unit of acceleration.

To determine the numerical result, you would need to convert the mass from tonnes to the appropriate unit and perform the calculation using the given values:

(36 tonnes * 30 m/min^2) / 2 = 4.5 kNm

Breaking down the equation Reaction Force:

4.5 kNm represents a quantity of torque, typically measured in kilonewton-meters (kNm).
1.18 is a dimensionless scalar factor.
0.18m represents a distance, measured in meters.
By multiplying the torque (4.5 kNm) by the scalar factor (1.18) and then dividing the result by the distance (0.18m), you are calculating a quantity related to force, specifically kilonewtons (kN), per unit distance.

To determine the numerical result, you would perform the calculation using the given values:

(4.5 kNm * 1.18) / 0.18m = 29.7 kN

Therefore, the result of the equation is approximately 29.7 kilonewtons (kN). This represents the force per unit distance, given the specified values of torque and distance.
4.2 New Damper Unit 
[image: A screenshot of a computer
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[bookmark: _Toc136026551]Figure 3 – Type C - 70

Breaking down the equation for the Required Stroke:
60m/min^2 represents a rate of change of distance over time squared. It implies that the distance (in meters) is changing at a rate of 60 meters per square minute. The square minute in the denominator indicates that the change is accelerating over time.
2 * 7.8m/s^2 represents an acceleration. It indicates that the speed (in meters per second) is changing at a rate of 7.8 meters per second squared. The second squared in the denominator indicates an acceleration over time.
By dividing the rate of change of distance by the acceleration, you are calculating the time required for the change in distance to occur due to the given acceleration.

To determine the numerical result, you would need to perform the calculation using the given values:
(60m/min^2) / (2 * 7.8m/s^2) = 0.064m

Therefore, the time required for the change in distance, given the specified acceleration, is approximately 0.064 meters.

Breaking down the equation:

36 tonnes represents a quantity of mass, typically measured in metric tons.
60 m/min^2 represents a rate of change of distance over time squared. It implies that the distance (in meters) is changing at a rate of 60 meters per square minute. The square minute in the denominator indicates an acceleration over time.
2 is a dimensionless scalar factor.
By multiplying the mass (36 tonnes) by the rate of change of distance (60 m/min^2), and then dividing the result by 2, you are calculating a quantity related to torque per unit of acceleration.

To determine the numerical result, you would need to convert the mass from tonnes to the appropriate unit and perform the calculation using the given values:

(36 tonnes * 60 m/min^2) / 2 = 331.3 kNm

Therefore, the result of the equation is approximately 331.3 kilonewton-meters (kNm). This represents the torque per unit of acceleration, given the specified values of mass and rate of change of distance.


Breaking down the equation for Reactionary Force:

18kNm represents a quantity with units of kilonewton-meters. It signifies a force (in newtons) multiplied by a distance (in meters) in order to obtain a measure of energy or work.
1.18 is a dimensionless scalar factor.
By multiplying the force (18kNm) by the scalar factor (1.18) and then dividing the result by the distance (0.064m), you are calculating a quantity related to energy or work per unit distance.

To determine the numerical result, you would need to convert the kilonewton-meters to the appropriate unit and perform the calculation using the given values:

(18kNm * 1.18) / 0.064m = 331.3

Therefore, the quantity related to energy or work per unit distance, given the specified values, is approximately 331.3. The units of the result would depend on the units of the initial quantity (kilonewton-meters) and the distance (meters) involved in the calculation.





4.3 Anchor Bolt Equations 
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[bookmark: _Toc136026552]Figure 4– Anchor Bolts


Breaking down the equation for Force through anchor bolts:

F represents a quantity of force. The force is the result of the calculation and is represented by the variable F.
D represents a dimension, typically related to diameter or size.
3.1415 represents an approximation of the mathematical constant pi (π).
L represents a length or distance.
800 psi represents a unit of pressure, specifically pounds per square inch.
By multiplying the diameter (D) by the constant pi (3.1415), the length (L), and the pressure (800 psi), you are calculating the force (F) exerted in the system.

The resulting force (F) will depend on the specific values assigned to the variables D and L, as well as the unit of measurement used for the diameter and length.






[bookmark: _Toc136026568]6.0 – PLC Changes 
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[bookmark: _Toc136026553]Figure 5 – PLC TIA Portal – Network 29
Crane Auto Ramp Up/Down 
PLC Changes for Crane Speed UP
For the purpose of speeding up the crane, the majority of the necessary changes to the Programmable Logic Controller (PLC) were implemented within the drive software. The parameters were uploaded as per the provided specifications, but there were minor adjustments required in the PLC software, as documented previously.

One of the key modifications involved the ramp acceleration and deceleration values. These values were derived from the PLC code, and in order to double the crane speed, the ramp value was also doubled. This adjustment ensured that the ramp curve remained consistent with the pre-speed-up profile, as illustrated in Network 29.

To maintain compatibility with the current manual speed settings, a change was made to the speed demand value for manual operations. Specifically, the speed demand value was reduced from 100 to 50, as indicated in Network 33. This alteration was implemented to facilitate smoother and more convenient manual operations, allowing operators to carry out their tasks with ease.

By making these specific modifications to the PLC software and drive parameters, the team successfully achieved the desired speed increase for the crane. These changes ensured that the crane's performance aligned with the project's objectives while considering the manual operations that may still be required.[image: A screenshot of a computer
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[bookmark: _Toc136026554]Figure 6 – TIA Portal – Network 33

















[bookmark: _Toc136026569]7.0 Electrical and Mechanical Changes
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Panel Layout  - Indentification of Electrical Component Changes. 





[bookmark: _Toc136026555]Figure 7– Electrical Schematic
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[bookmark: _Toc136026556]Figure 8 – Electrical Schematic
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Schematics Identification 2 






[bookmark: _Toc136026557]Figure 9 - Electrical Schematic
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[bookmark: _Toc136026558]Figure 10 – CAD Drawing of ASRS
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Location Of Motors 






[bookmark: _Toc136026559]Figure 11 – Picture of Motor
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[bookmark: _Toc136026560]Figure 12 – CAD Drawing of Dampers
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[bookmark: _Toc136026561]Figure 13  – Picture of VFD 


In general, the mechanical and electrical changes conducted by the team proved to be relatively straightforward. Swapping out the existing inverter for a larger one, in simple terms, was an easy task that the team successfully accomplished without significant complications. This change involved replacing the original inverter with a more powerful one, enabling enhanced performance and functionality.

However, the process of removing the motor and gearbox posed a slightly greater challenge for the team. The motor gearbox assembly seized to the shaft, making its removal a more intricate task. The manufacturer's installation design and support added to the complexity of the process. Nonetheless, the team addressed this challenge by ensuring the fitting of the drive unit. During this process, copper slip, a lubricating compound, was utilized to prevent the components from seizing on the shaft again.

The application of copper slip played a crucial role in facilitating the successful installation of the drive unit. This lubricating compound acted as a protective layer, minimizing friction and ensuring smooth operation. By using copper slip, the team implemented a proactive measure to avoid potential difficulties in future removal or maintenance procedures.

Overall, while the electrical changes, such as the inverter replacement, proved to be relatively easy for the team, the removal of the motor and gearbox presented some challenges due to their secure attachment to the shaft. However, through careful planning and the application of copper slip during the drive unit installation, the team overcame these challenges and ensured a successful implementation of the mechanical and electrical changes.

















[bookmark: _Toc136026570]8.0 – Project Results  
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[bookmark: _Toc136026562]Figure 14 – Oscilloscope Data 1
8.1 Pre-Speed Up Data – Long Drive 
Channel 3 in the scope below is the IPOS Variable H257(Actual Position) of the crane. The Vertical axis is the position of the crane in mm and the Horizontal is the time base in milliseconds (ms)
On channel 3 the position of the crane is static and then it starts to move in a negative direction, towards the offboard control panel.
On channel 3 cursor 1 and 2 mark the sample data boundary and show the change of position over time. Looking at the data panel under the graphs there is a position movement between cursor 1 and 2 of 2679mm over a time difference of 5300ms.
Therefore, the crane speed in M/Min is 2.679/5.3s = 0.505metres/second x60 is 30.3 Metres/Min
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[bookmark: _Toc136026563]Figure 15 – Oscilloscope Data 2

8.2 Post Speed UP Data – Long Travel 

Channel 3 in the scope below is the IPOS Variable H257(Actual Position) of the crane. The Vertical axis is the position of the crane in mm and the Horizontal is the time base in milliseconds (ms)
On channel 3 the position of the crane is static and then it starts to move in a negative direction, towards the offboard control panel.
On channel 3 cursor 1 and 2 mark the sample data boundary and show the change of position over time. Looking at the data panel under the graphs there is a position movement between cursor 1 and 2 of 10911mm over a time difference of 10800ms.
Therefore, the crane speed in M/Min is 10.911/10.8s = 1.01metres/second x60 is 60.6 Metres/Min
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[bookmark: _Toc136026564]Figure 16 – Oscilloscope Data 2
8.3 Post Speed Up Current Values 
Channel 2 in the scope below is the Percentage of the line current of the motor setup of the crane. The Vertical axis is the percentage of the line current of the motors and the Horizontal is the time base in milliseconds (ms)
On channel 2 the position of the crane is static and then it starts to move in a negative direction, towards the offboard control panel.
On channel 3 cursor 1 and 2 mark the sample data boundary and show the change of current over time. Looking at the data panel under the graphs there is a higher current during crane acceleration to speed and then a levelling off when running at speed.
The acceleration value at cursor 1 is around 79% of the rated current, the drive typically allows this to be 150%. The value at cursor 2 is the running current and is 46% of the line current.
The current figures recorded below are within the capabilities of the new Drive and Motors. Also allowing for future tolerance for improvements. 








[bookmark: _Toc136026571]9.0 Project Analysis 
Carrying out the project, I think we the team planned efficiently, and I think this is the best aspect of the job as most of the tasks went to plan. There was a lot of debate about how the ASRS should have been sped up. Some engineers in the team I felt wanted to over-engineer the system. With one of the suggestions being adding another ASRS. It was then debated in the team this would cause stress on other departments to maintain equipment that they already struggle to maintain, and it came to the decision along with the maintenance technicians who work with the equipment day in and day out that if the long travel is spared up then the amount the cars would be doubled. So, I think the ability of the team to listen to all those and come to the best solution is our opinion. Driving this project, myself I did find it challenging as the company wanted to do this on as little a budget as possible meaning using assets from stores to upgrade the ASRS. And I had to choose the best people internally to carry out each job. As a young member of the team, I struggled with this as I found some people resisting change to upgrade the plant. 
Although the project that minor hiccups, we did as a team successfully more than double the output the ASRS could deliver per year, this allowed Aston Martin to paint all its mainline production cars like the Aston Martin Vantage, the DB11, the DBS and the DBX all at one paint shop. This now allows savings of £650 per car to the company as all pauses can be painted in one plant. This means that Aston Martin can save on energy costs and maintenance costs due to only running one paint shop instead of two.
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