Joel Lang 2014802  
Project title- developing a storage and transport system for door skins
1. Introduction 
Each door manufactured in house consists of 2 “skins” which when assembled, are the external faces of the door. The skins are made by folding sheet metal using a CNC folding machine. Once folded the next stages of production for the skins is powder coating which takes place in the adjacent building. The next stage of production is bonding where the skins are assembled and bonded to produce the door, this takes place back in house. 
To move from process to process the skins are stacked onto pallets and moved via forklifts. This is problematic for a few reasons such as; 
· Pallets are an inefficient use of space as they can’t be stacked particularly high. Over stacking may result in the skins falling over during transport which will result in rejected products. 
· Due to the size of the doors, the skins require an additional operator (as well as the CNC folding operator) to stack the skins. 
· A forklift is required to move the pallets so only operators with a forklift license can move them. Also, there is a limited number of forklifts available so occasionally there is a wait until a pallet can be moved 
· During the bonding process, the operators may require a skin that is on the bottom of the pallet, so to access this they need to move all of the skins on top of it to another location. This causes inefficiencies in the bonding process. 
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A solution to this problem is to develop a system whereby the skins and stored and transported via trolleys. A trolley is favorable over a pallet for a variety of reasons such as; 
· The trolley is on wheels so it can be moved at any time by any person, this increases the efficiency of the transportation process as there is no wait time for forklifts or operators that can drive a forklift. 
· the trolley can be designed as a more efficient use of space than stacking on a pallet. 
· The trolley can be designed so that any of the loaded skins can be unloaded independent of one another. 
· Trolleys have no running cost 
· Trolleys require minimal maintenance 


Forklift free workplace 
There is a growing desire in industry to eliminate where possible, forklifts from the workplace. Or at a minimum reduce their use. Forklifts are a hazard in a work environment and when operated in the same space as factory operatives can cause serious harm or death when incidents occur. 
In the USA, 85 deaths a year can be attributed to forklifts, furthermore 34900 serious injuries occur annually. That’s over 670 serious accident a week. Mostly occurring due to forklifts over turning. (Mccue.com, 2021)
Eliminating forklifts from foot traffic areas goes a long way to preventing injuries due to forklift accidents however in cases where this is not possible a popular solution is to adopt a cart system. 
Forklifts represent a significant purchase in a business, with standard load capacity trucks costing in the region of £11,000-£25,000, (high load capacity trucks can cost upwards of £70,000). 3 types of forklifts you would typically find in a factory are electric, diesel and gas powered. Each of these can cost £1500, £8000 and £10,000 respectively to run throughout a working year. (Costowl, 2021)
Additionally, as with any mechanical machinery there will be maintenance costs incurred as well as loss of production capacity during breakdowns. 
Operators are required by law to hold a forklift license. These licenses have costs associated with them due to the training required. Operators who possess this skill could demand a higher wage rate, increasing the labour costs of the operation. 
Naturally there will be a mix of licensed and unlicensed operators in any given workforce so drivers may be unavailable if undertaking other tasks. This can lead to wait times during the manufacturing process which is a major source of inefficiency.
A case for carts  
A major advantage of a cart system is the flexibility it is capable of. A cart can be designed to carry any number of materials and parts, within reason. Whereas a forklift has two forks that can only pick up any material that is already loaded on to a pallet. This may cause issues if the pallet has a smaller footprint than the material. Also the material/parts may be awkward to stack effectively, reducing the quantities that can be moved at any one time. doors can be stacked quite effectively, but there is a limit to how high the pallet can be stacked. Company procedure is to stack a maximum of 8 skins (4 doors) on any one pallet, further stacking can cause the material to become unstable and risk falling over during transport. This poses a serious health and safety hazard as forklifts operated within foot traffic areas. Not to mention the cost implications due to the rejected parts that sustained damage during the fall. 
The fact that trolleys can be moved by any factory operative is further testament to the flexibility of cart systems. No license is required to move a cart so this eliminates wait time when forklift drivers are not available, thus directly increasing the production capacity. 
There are no running costs to a cart that is manually loaded/moved/unloaded. They require no fuel source, only human intervention. This is a big benefit when compared to the costly running of a forklift. The maintenance of the carts is minimal and comes in at a fraction of the cost of a forklift. These compounding savings result in a very short pay back period for a cart system. The typical payback time is less than one year as the initial investment for the cart fleet essentially represents the whole cost. (GeoLean, 2020)
A major issue with pallets occurs at the next stage of production where the skins are bonded together along with some additional parts to form a door “blade”. Occasionally the operators will require a skin that is buried beneath a stack of other skins on a pallet. In a perfect world the next skin required would be the next skin available on the pallet every time however due to remakes and ordering mistakes in earlier production. The 2 skins that are required are often separated from one another. 
To access the desired skin, all of the skins on top of it need to be placed somewhere else. This process is time consuming and can cause major disruptions to the work flow.
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Fig 1 
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The number on the skin represents the order in which they are required. In ideal scenarios the skins would always be stacked in order (1,2,3, 4… etc) however the example in fig 1 is a regular occurrence. 
After unloading the 1
st
 skin, the operators will need to unload 3,4,5,6,7 and all of the polystyrene bearers in order to reach skin 2.
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Fig 2 shows the scenario once skin 1 and 2 have been consumed, there is now 2 pallets of unarranged skins that first need to be reorganized into order before production can resume. This is very time-consuming process and eliminating this inefficiency would be a big boost to production efficiency and therefore capacity. Furthermore, this is the most basic example of incorrect ordering where in reality multiple skins can be wrongly ordered on a given run and this can occur across different pallets also.  Further complicating the reordering process.
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Fig 3; trolley side view
)[image: ]The solution to this problem is to design a cart so that the skins can be accessed independently of one another. The best way to tackle this would be to use a design where the skins hang from the trolley, this way there will be no additional time required when the skins are incorrectly ordered. The operators will be able to access the desired skin regardless of its position. 











2. Gantt chart and project plan 
[image: ]

























[image: ]



















Story of the project 

Project brief; 
Essential elements 
Develop a trolley system to facilitate the storage and transport of door skins. 
Manufacture a full fleet of the carts to fully replace the need for forklifts. 
Each trolley must hold 8 skins. 
Each slot on the trolley must facilitate front and back skins. 
Each skin must be independently accessible. 

Desirable elements 
Load and unload trolley with one operator 

Budget 
£50,000

Deadline 
6-month deadline concluding 30/9/20


The team for the project was comprised of myself (manufacturing and design) and Lee Richards (design). The tasks were divided up so that Lee would be focusing on the design of the main body of the trolley whilst I would be focusing on designing the hanging hooks. As I had the ability to manufacture concepts and test them rapidly it made more sense that I be responsible for this area. 
The challenge involved in designing the hanging hooks is due to the fact that 2 different parts need to hang from the hook. A face skin and a back skin bear differing profiles which both need to be accommodated by the hook. 
Once I was happy with the hook design and Lee had completed the trolley design. We produced cad drawings between us to assist in the manufacturing and a bill of materials (BOM) to assist with the purchasing for the project.
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Once the initial design had been finalized we were able to estimate labour costs per trolley, by calculating the total labour costs and adding that to the total material cost as per the BOM. We were able to determine the cost to manufacture 1 trolley. This allows us to predict early on whether or not this project will come in under budget.
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The next step was to manufacture the first trolley and test thoroughly. We decided to initially only manufacture one trolley just in case there were any unforeseen problems with the trolley when used in practice. 
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Through a period of testing it was discovered that the trolley could not accommodate skins over 3.1m in length which accounted for around 4% of the skins we manufacture. Design engineer Lee then redesigned the trolley so that this was no longer a problem and the trolley could now accommodate 100% of the products we manufacture. Allowing the fork lift fleet to be fully replaced with a trolley system. 

Once the design was finalised the second prototype door was manufactured.
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With the modifications made to the design, prototype 2 was manufactured and tested vigorously. After a period of time with no issues developed was gave the green light the manufacture the remaining trolleys required for the fleet. 










3. Aims of reflective analysis 

The primary reflective analysis will be based on quantifying the benefits of the project. There are two areas where this project can be quantitatively analysed.  
1. Cost of cart system vs cost of forklift fleet.
By gathering relevant costing data, the cost of purchasing and yearly running of a forklift fleet can be stated. This data can then be compared to the budget of the project as well as any ongoing costings that became apparent in the months succeeding the completion of the project. From this comparison an accurate pay back time can be calculated and the ongoing savings from the direct impact of the project will be evident. 
2. Efficiency of cart system vs forklift fleet 
The purpose of the project is to improve production efficiency by drastically reducing transport and unloading of materials. This time saving can be calculated. By undertaking a new time study on the affected areas an exact efficiency improvement can be determined. An improvement in production capacity will reduce the labour cost per product, which will in turn increase the profit margin. Using this analysis an exact pound figure can be attributed to the project. 

Additional areas of analysis 
An additional area that can be analysed is how well the project was completed, by considering current theory on project management. A picture of how well the project was undertaken can be developed. This is a majorly beneficial exercise that will allow and short fallings in the project to be realised. This kind of analysis will strengthen the project managers skills and improve future projects. 
Furthermore, by analysing what went wrong, you can also contemplate what can be improved, this leaves room to revisit project and further develop them. It is this continuous improvement that allows for innovation and progression. 











	Time studies 
Time studies are a technique that is used to break down the different steps in an organization and details crucial information such as time spent on each step. Additionally, these studies can identify the wait time (idle time) in-between processes and allow management to identify the inefficiencies in the businesses process. (shmula, 2017)
By knowing this information steps can be taken to mitigate the inefficiencies highlighted. Furthermore, it is impossible to understand the costs involved in production without being aware of the timings. The time taken to complete each step represents a labour cost from employee pay.
A well conducted time study allows for improved synergy between departments and allows differing areas of the organisation to operate with a deeper understanding of the business. (shmula, 2017)
On the contrary, a time study taken to the extreme has the potential to do more harm than good. Managers may take efficiency improving projects to the extreme, pushing employees to far may cause negative work attitudes among the workforce. (shmula, 2017)
As this project only affects a few stages in the overall processes of the business, it is important to focus in on the affected areas and develop a further understanding. 
The effected areas of production are;
	process
	description
	Project impact

	RAS CNC folder
	Skins folded and loaded for powder coat
	· Eliminate idle time waiting for forklifts 
· Eliminate idle time waiting for help unloading skins 

	bonding
	Skins assembled and bonded together with adhesive 
	· Eliminate idle time waiting for forklift 
· Eliminate time rearranging pallets 
· eliminate pallet stacking materials and the need to store them


 
In order to quantify the impact of the projects in each respective area I used work sampling. Work sampling is a form of time study where you “periodically examine samples of the product throughout the manufacturing process. (gesrepair, 2021)”, by recording the time taken on each individual step you can obtain a far more detailed understanding of each manufacturing process. (gesrepair, 2021)
In the case of this project where various steps are being removed from the production process, I am able to record how much time these tasks take, additionally I can conduct further work sampling when the new trolley system is in place and determine the time required to undertake any additional steps introduced to the process as a result of the project. 
At the end of these time studies there will be two sets of data, pre project data and post project data. It is then crucial to compare these data sets in order to understand the benefits of the project. Time improvements equal efficiency improvements, efficiency improvements equals profit margin improvements.
There are various measures that can be taken to maximise the effectiveness of the time study, one such measure is making the purposes for the time study clear, and to ensure that all involved parties understand why the study is taking place. In this case it’s easy to talk to the operators about the project and its benefits. This will show them the obvious need for the time study and will minimise any push back from the operators or any feelings of unrest if they feel that their work ethics are being questioned. It must be clear that purpose of time studies is not a measure of how quickly employees complete tasks, rather how long the tasks take. (Holpp, 2019)
Not every single event that occurs during the work activity is relevant to the study and having an understanding of what types of activities are relevant/ not relevant will enable me to be more efficient in conducting the study.  Work activities can be separated into 3 categories. 
	Activity type
	example
	Include in study?

	Working procedures
	Riveting skins 
	yes

	Non random events
	Talking to QC about quality issues 
	yes

	Random events 
	Talking to supervisor about their car 
	No 


 
While it is obvious that activities regarding production it may not be obvious which other events to include/exclude from the study. In this case i decided that any activities that were not directly related to the manufacture of the product be separated in to two categories. Non random events are events that are related to the manufacturing process and that happen occasionally. To gain a grasp of the impact of these events a good sample needs to be taken in order to learn how often these events occur and the average time taken to complete these events. The mean time can then be factored into the concluding results. 
The alternative to this is random events that do not relate to the manufacturing process and occur infrequently. For example if an operator cut their finger and had to spend 20 minutes with a first aider before proceeding. This would be excluded from the data.
By allocating an exact window in which to conduct the study I could ensure the study is conducted during a period in which the operation is functioning normally. I can avoid shut downs for maintenance and employees taking annual leave ensuring the study represents a normal time in production. (gesrepair, 2021)
The duration of the study depends on the sample size required. I need to allow enough time to take a reasonable sample following good sampling protocol. Producing a large enough data set and taking averages will ensure that variance does not affect the results. Furthermore the variety of the data collected is important. There are two different shifts in the our operation so it is good practice to collect reasonable samples from each shift as the goal of the study is to determine how long activities take and not how fast operator A is. (Troy, 2020)
Lastly the method in which I will calculate central tendencies will affect the outcome of the study, i will use the Mean to calculate average times of each individual task as it is the most appropriate method in this instance. (Zach, 2018)
I conducted a time study with the forklift system and then conducted a study with the trolley system once manufactured. 
I used the first few days of data recording to refine my methods of collecting data and then discarded these from the end data.
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Results 
	Forklift time per part(s)
	Trolley time per part(s)
	Improvement (s)
	Improvement (%)

	910
	795
	115
	+ 12



By comparing the data we can see that there is a 115 second improvement when using the new system. This is a 12% improvement which translates to a 12% increase in capacity per shift. 
This is a major improvement in the manufacturing processes which proves this project to be a big success


Failure mode and effect analysis 
One obvious issue with the running was failing to design the trolley with adequate length that would allow the trolley to hold all of the skins we manufacture. Due to a design oversight the trolley had to be redesigned to account for this. This mistake increased the cost of the budget and has potential to put strain on the deadline. 
In hindsight it would have been beneficial to use some failure prevention techniques in the project planning stage. Had this been performed then the failure may not have occurred. 
Failure mode and effect analysis (FMEA) is one such project planning tool that could be used in this situation. The purpose of an FMEA is to identify all of the possible ways in which a project can fail. Furthermore the different failure modes can be ranked depending on the severity of their occurrence and the likely hood of their occurrence. This allows you to focus on the more pressing issues and ensure that failure does not occur. (ASQ, 2021)
By identifying these potential issues before hand i would be able to put measures in place to prevent the failure from occurring. 
A prevention method for avoiding the failure that occurred would be – check trolley compatibility with all skin sizes in solidworks.
This would allow the designer to identify the fault in the design without manufacturing a protoype, saving money and time this would result in a more efficient project.

Risk management in projects 
A lack of risk management leaves major room for improvement in this project.  Effective risk management is massively beneficial to a project as you reduce the uncertainty involved and ensure that deadlines are met and budgets are kept.  “By planning for unexpected events, you can be ready to respond when they arise (Gouda, 2020)”. (Gouda, 2020)
One theory on this topic lists 7 rules that will allow you to manage risk effectively.
1. Determine what could go wrong in the early stages 
Between the projects team we could have pooled our knowledge and experiences and determined what was likely to go wrong. Through this conversation it be clear who is responsible for each risk. This way we could effectively manage them throughout the project 

2. Communication 
A possible area for improvement would be to hold regular meetings with the project team and discuss any concerns.
Communication with the person requesting the project will prevent any surprises when risks occurs, also this would of given the project requestor an opportunity to have final say on any major risks.

3. Risk prioritization 
Not all risks are of equal importance or relevance. It would be impossible for us to fully analyse all of the potential risks so by prioritising we could of addressed the most concerning issues 

4. Assess each potential failure 
By assessing the risks we would be able to develop an understanding of the ways in which the risks could occur, further to this we could of considered the effect they would have on te project. Allowing us to plan accordingly 

5. Plan reactions to each risk 
This is crucial to overcoming failures with as little impact to the project. In the event of a failure we would be able to refer back to the pre determined plans set in place and deal with the problems very efficiently. 

6. Keep a risk log 
This is a form of communication that would enable all parties to view the overall progress of the project. Furthermore this method ensures that all risk we identify stay on record and are not forgotten. 

7. Continuously track risks 
A major improvement for us would of been to adopt a daily risk management protocol, by making this a daily activity we would of given ourselves every chance of mitigating failure in the project. 



Through utilising risk management techniques i would be able to maximise the chances of success of the project and drastically reduce the possibility of a wasted budget.  This is an important take away that i will continue to use in future projects in order to maximize the success of them. (Gouda, 2020)

	


Conclusion
What were the strengths and weaknesses of the project?
One area the project excelled was in time management techniques. Through using Gantt charts and critical path analysis I was able to designate deadlines for individual tasks in order to achieve the deadline. Through critical path analysis I was able to visualize he order in which tasks needed to be complete and identify tasks that needed to be complete before other could begin. This was crucial to the organization of the project, ensuring that all involved parts were on the same page. 
Another clear strength of the project was utilizing budget management techniques. Producing a bill of materials as well as labour costs per trolley allowed me to assess the cost per trolley at an early stage and determine if the project was to come under budget. Moreover this would of allowed me to make changes to the design/ manufacturing process in order to come under budget if necessary. As mentioned the time management was successful and this further contributes to the financial successes of the project.
One obvious weakness was the lack of risk management. Without this I was unable to identify a fault in the first design, costing time and money to redesign the trolley


What could be improved on?
The addition of risk management techniques such as failure modes effect and analysis is a clear option for improving the project. This would enable the project to run more efficiently and directly improve it. 

What did I gain from the project?
A major take away from this project is the understanding of the benefit of quantifying results. By doing this you can determine the exact value of a project and prove to shareholders that your project was a worthwhile investment. 
This will only encourage further investment in me as a project manager. 
A big take away from this project is the benefit of reflection. Without reflection I would not be able to consider the short fallings of the project. Further to this I would not be able to learn how to avoid these failures in the future. Without reflection it is difficult to progress my skills.
By repeating this process with every project I will become more refined as a project manager with every project. 
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