[image: A black background with grey leaves

Description automatically generated]

Applying Lean Techniques
ACEA 6002

[image: A grey logo on a black background

Description automatically generated]

































Written By Adam Evans 2005959

21/07/2023
Contents
Introduction	3
Main Project	4
Applying Lean to at MLUK	4
Battery Cell	5
Time Study	6
Time study Improvement	6
Operator spaghetti diagram study	7
Process Layout improvement 1	8
Process Layout improvement 2	10
Process Improvement cost saving	10
Implementation of the Lean Activity	11
Cost Summary	12
Conclusion	12
Works Cited	13





Figure 1 - 7 Waste	4
Figure 2_ New Range Rover uses Battery Plate	5
Figure 3- PCC current process	6
Figure 4 - CAD Layout	7
Figure 5 - Operator 1's movement	8
Figure 6 - Operator two's movements	8
Figure 7 - Operator threes movement	8
Figure 8- McDonalds on a tennis court	9
Figure 9 – New process layout	10
Figure 10 -New Process Layout V2	10
Figure 11 - original equipment position	11
Figure 12- New equipment position	12
Figure 13 - pick and place robot	13












[bookmark: _Toc140775248]Introduction 

Working in a company it is very easy to overlook particular process which are established and people are used to completing. But if you take a step back and watch the process they can be riddled with faults that could be unknowingly cause the process not to be as efficient as it should be. 

But these process faults haven’t been done intentionally so by improving a process without following a proven method it may lead to decisions being made which haven’t been correctly analysed and therefore making the process worse.

A trusted method for improving a process is using Lean and the toolbox which it provides to guide you thought the improvement process. 

Lean way of thinking was first established in the Toyota factory in Japan in the 1950’s as it was seen as a challenge to change the product quality which Japan was know for at this time. As customers wouldn’t by items if the Made in Japan logo as it was cheap and shoddy craftsmanship. 
(Powell, 2019)

But what is Lean? 

“Lean is about achieving uninterrupted flow in the sequence of operations that deliver perfect quality”
(John Bicheno, 2016)

Another way of looking at it which makes it easier for anyone to understand who hasn’t got a manufacturing / engineering background is the quote below. 

“As the name suggests, a company can do this by becoming “lean”. Most people who exercise have a goal of becoming lean. This means that they are taking out anything bulky and unneeded from their bodies. This principle can also be applied to manufacturing businesses.”
(leanfactories, 2023)

Just like becoming lean through exercise you cannot focus on one thing and expect to become lean, you need to look at all the inputs and output of the process, shown in (Figure 1 - 7 Wastes) are the 7 wastes which have been highlighted to focus on as guide to achieve lean. 

[image: 7wastes]

[bookmark: _Ref138849362][bookmark: _Toc140775262]Figure 1 - 7 Waste
Using this guide, a list has been written which can be applied to the manufacturing process at MLUK in particular within the battery cell. 


· An increase in cycle time – The operator could be doing movements within the operation that could be eliminated by moving a piece of equipment of introducing an extra piece of equipment therefore reducing the cycle time.
· Quality concern – unnecessary handling of product could result in damage, Storage of parts waiting to be used on trolleys not specially designed for this purpose 
· Manning – There could be enough time in the process for one person to do a job which currently has two operators 
· Waste product – If parts are being stored single use covers could be used which will not require if storage is eliminated, also this single use covers would not have been in original costing of the product, so on cost by the company. 
· Equipment – equipment could be in the wrong location or not required 
· Inventory – There is a large WIP in place due to the process not running efficiently 
· Floor space – extra floor space is required due to the WIP 
[bookmark: _Toc140775249]Main Project 

[bookmark: _Toc140775250]Applying Lean to at MLUK 

MLUK is a heat exchange production facility based in South Wales, for over 75 years it has specialised in producing heat exchangers in the form of radiators to cool combustion engines and condensers for air conditioning within vehicles. But as the modern automotive world evolves so does must for MLUK, this is in the form of electrification of vehicles, and the way heat exchanges can be used within these vehicles. 
This is in the form of JLR battery plates which are used to control the temperature of the battery to optimise output. These battery plates are new venture for MLUK and with a newly established Line it’s a good area to observe and apply lean too. 
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Within the battery cell area there are three operators all performing different jobs, within a close proximity of each other. 

· Operator one – removes battery plate from the end of the furnace and places them onto a trolley ready for operator two to use 
· Operator Two – testing the battery plates and places the tested plates onto a different trolley ready for operator three 
· Operator Three – Cleans the battery plates, hangs the plates onto the painting conveyor and preps the plates ready for painting, 

The image below (Figure 2- PCC current process) shows what the process currently looks like and where the operators are positioned. 
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Each operation which the operators were doing was timed to see how much free time there was between each operation. 

Operator one would off loads a tray of products which would take 5 minutes to do, they would then need to wait an additional 5 minutes before the person on the clench has built products and sent them through the furnace. This meant that the operator was waiting around for up to 5 minutes before unloading the next product. Another thing to consider was that the product takes 30 minutes to go through the furnace. 

This then had a knock-on effect as Operator two was waiting for products to be off loaded and placed onto a trolley, but due to the cycle time on the test the time was captured by the time the next tray was ready for offloading by operator one, as testing a full tray took about 9 minutes to complete. 

Operator three is governed by the paint plant machine and the work being produced by operator two, currently waiting for work as hanging and cleaning takes about 10 to 15 seconds depending n the size of battery plate. 

From doing this basic time study it can be seen that operator one has a lot of free time whereas the other operators are constantly working when the parts are supplied efficiently.  Also immediately there is an hour of lost time every day. 

Due to the battery cell only running on a day shift, the whole cell starts work at 7:00am and finishes at 4:00pm. This means that at the start of every shift there is an initial wait of 30 minutes before operator 1 will start to see the first products coming off the line, which again will have a knock-on effect to operator two 35minutes and then then operator 3 44minutes before seeing the first products. 
Also at the end of the shift the core builder will not send any more product through the furnace after 3:30pm, however they will not stop producing, but will build to a trolly ready to be used the next day. 

[bookmark: _Toc140775253]Time study Improvement 

By changing the shift of the core build operator to start at 6:30 and finish at 3:30, it would mean that when Operator one starts their shift at 7:00am there would be product available to start suppling the line. 
Also due to the core build operator finishing at 3:30pm no product would be built to trolly, which would reduce WIP on the shop floor, a reduction in floor space and unnecessary handling of the product which may result in the product becoming damaged. 
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Knowing this the next stage was to look at the cell layout and how the operators moved around during normal production, using the CAD model of the current layout the route which the operators move could be plotted in the form of a spaghetti diagram. 

“A spaghetti diagram visualizes the flow of workers and products in a process to identify potential areas of improvement. It helps organizations see how their workers are moving physically through the workspace”
(miro.com, 2023)
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Operators one’s spaghetti diagram ( Figure 4 - Operator 1's movement)
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Operator two’s spaghetti diagram (Figure 5 - Operator two's movements)
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Operator threes spaghetti diagram (Figure 6 - Operator threes movement)
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Looking at all three movement patterns it can be seen that operator one moves the furthest distance during the tasks that they perform, this could have direct impact on the cycle time although the distance is not far constant movement will affect the process as the person won’t be as efficient throughout the shift. But even with all this movement operator one has the most free time within the process which isn’t being utilised.    
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Looking at the two studies which have been conducted there is clearly room for improvement in the layout to make it more efficient. 

An example of layout improvement to optimise output was done by the Mc Donald brother in 1948 where they closed their restaurant for 3 months to implant a “lean” layout. However, they didn’t have the use of fancy CAD modelling packages to model up their restaurant. They used a local tennis court (Figure 7- McDonalds on a tennis court) there they drew the floor plan onto and did time studies and spaghetti diagram, each time re-drawing to optimise the layout. 
(Magalhaes, 2017)
[image: Lean Founders Blog]
[bookmark: _Ref140058986][bookmark: _Toc140775269]Figure 8- McDonalds on a tennis court
Applying this methodology to the MLUK battery manufacturing line, but instead of using the local tennis court CAD software is to be used to see if there are any way to improving the layout to optimise the output. Also using the data already captured in the spaghetti diagram and the time study 

When looking at the process operator one is an off loader which feeds operator 2, if the testing equipment was moved inline with the offload process. Operator two can remove straight off the belt and insert the parts directly into the test equipment. This would reduce the work force in the area from three down to two, also the storage of parts on the floor wouldn’t be required, shown in Figure 8 - New process layout. 
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This would reduce the floor space required for this product as parts will not need to be held awaiting use, a reduction in short term WIP in the area will be eliminated. Also, the unnecessary handling of parts between operator one placing them into a trolly and operators two’s use. 
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Looking at the process again using the layout proposed in Figure 8 – New process layout, as the cell has two test machines but is only utilising one. If the test machines and placed with the loading area facing each other the operator could use both test machines within the test cycle of the machines. 
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[bookmark: _Toc140775271]Figure 10 -New Process Layout V2
As the cycle time of testing a part is 40 seconds operator 3 would be able to keep up with the new proposed layout and would increase the out put of part being painted by double within the same shift hours.

However realistically there is still going to be movement within the cell although decreased massively by correctly positioning equipment and the use of human operators is being use so fatigue will also need to be considered. 

[bookmark: _Toc140775257]Process Improvement cost saving 

For a move like this to occur the cost would be low due to the size of the equipment being moved, the in-house maintenance would be able to conduct this move and absorb the cost during their normal working day. New air drop and power supply would also be need, which again the maintenance department would be able to do. 

For an initial saving the line would reduce by one head saving £30,000 and over the remaining life of the product a total saving of £120,000. Smaller items which also won’t be required are trollies although not a great cost there would be a saving of 150. 

Speeding up the out put can have a positive effect as there will be a reduction in over time during the week and over the weekend, Current rates are X1.5 for weekdays and Saturday and double time for a Sunday. 







[bookmark: _Toc140775258]Implementation of the Lean Activity 


From the initial equipment being incorrectly positioned away from the off-load area shown in Figure 10 - original equipment position
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To the new layout Position shown in Figure 11- New equipment position

[image: ][bookmark: _Ref140398868][bookmark: _Toc140775273]Figure 12- New equipment position






















This work was carried out over a weekend by the maintenance team so that there was no production down time, however there was a cost of the maintenance which was £1000.


With the new layout being implement the customer documentation needs to be updated and a PSW submitted as the PPAP would have been changed. 

The documentation which this would include: 

· Product control plan 
· Procut sequence chart 
· SOS document 
· 4M record to be updated. 
· Shop floor people map. 
· PFMEA to be reviewed as direct testing from the off load can now occur. 

[bookmark: _Toc140775259]Cost Summary 

	Implemented
	Cost
	Saving a Year
	Saving in Hours A Day

	Change of Shift patten
	£0
	
	1 Hour

	Equipment moves
	£1000
	
	4 Hours

	Head reduction
	£0
	£30,000
	0

	Single use covers 
	£0 
	£500
	0

	Trollies 
	£0
	£150
	0

	Double testing 
	£0
	£10,000
	0




Over the remaining life of the product the yearly saving is timed by four as it has about four left in production, resulting in £162,600 saving. 


[bookmark: _Toc140775260]Conclusion 

Although a very good cost saving has been established with very little spend, there is always room again for improvement, but this would require a large on cost. This is in the form of automating the process by further removing operator two and operator three, by replacing them with a robot as shown in Figure 12 - pick and place robot
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[bookmark: _Ref140400905][bookmark: _Toc140775274]Figure 13 - pick and place robot
But seeing the savings which have been made this is something to consider and money which is invested now can be utilised in other projects going forward. 
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