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Lean manufacturing can be described as a process which works on the ideology of continuously increasing productivity whilst also reducing the amount of waste produced throughout the manufacturing process. Anything that adds expense to a process which end customers are not willing to pay for is considered a waste under lean principles. Lean manufacturing processes aid in reducing running costs, reducing product lead times, and help to improve overall product quality (Melton, 2005).
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There are currently eight categories of waste that are commonly referred to when using lean manufacturing principles, these are (Wilson, 2010):
· Excess inventory – Ties value up in stock which restricts cash flow
· Waiting – This can be for either equipment or people that are idle for a period of time
· Movement – Unnecessary movement of equipment or people adds time to a process
· Transport – Unnecessary transport of goods is both costly and increases lead times
· Defects – Can be costly to rectify and can ruin the flow of a process
· Over production – It’s a waste to produce product with no active orders
· Over processing – Waste of time and resources if processing exceeds customer requirements
· Wasted talent / ingenuity – Staff may be better utilized in different roles

These eight types of waste shown above can be broadly categorized into one of three categories (Rother):
· Mura – This is a type of waste that results from fluctuating demands. This can be from new services added or new customer demands, therefore additional work is added by the company
· Muri – This is when a process is overburdened as too much is being done at once. This covers workers being required to do too much, sometimes with poor resource allocation. This can result in workers losing motivation, causing a drop in productivity and can also cost the process time as tasks are switched from one to the next
· Muda – This category includes additional work that does not add value as well as any process related waste. If any action of a process does not itself add value, or enable an action which does add value, it can be deemed as unnecessary and should be removed
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Money and time savings – The primary focus of lean manufacturing and its biggest advantage is the expense and time savings. Companies of all sizes and outputs can benefit from more efficient production, resource allocation, workflows, and storage. By also reducing production time, lead times can be reduced which allows quality products to be supplied quickly to customers. The workforce can also be more efficient and streamlined as they don’t spend as much time completing a particular process (Shpak, 2019).
Environmental impact – By reducing the waste of time and resources, fuel and energy usage will simultaneously be reduced. This has the advantage of being more environmentally friendly. Sometimes more efficient equipment can also be used which will reduce energy usage which has a dual benefit of environmental and cost saving (Toyota, 2022).
Increased satisfaction of customers – By repeatedly providing a quality product, at a lower cost, and with shorter lead times, customer satisfaction will undoubtedly increase. This is an essential thing to keep a company running as satisfied customers will return to you with more custom and may also recommend the company to others (Toyota, 2022).
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Worker wellbeing and safety – It can be argued that lean principles can compromise the wellbeing and safety of employees. By focusing all attention on streamlining workflows and removing waste, the amount of stress being placed on employees can be overlooked. There is very little margin for error in efficient lean processes. Some aspects of lean principles are compared to scientific management techniques that had been fought against by labour unions during the 20th century (Kokemuller, 2018). 
Hindering of future development – As lean principles focus heavily on cutting waste, management may remove aspects of a business that are not viewed as essential to the current goal. It’s possible that these aspects may have been important for the business’s future development. Sometimes lean can cause management to focus too heavily on the present operations therefore disregarding the future (Distelhorst, 2016).
Difficulty in standardization – As lean manufacturing is a principal and not a method, it is not possible to produce a standardized lean production model. This can give the impression that lean principals are vague, rather than a robust method (Distelhorst, 2016).
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Five S is a process flow designed to reduce waste and boost productivity by creating and maintaining an orderly workspace. It also includes using visual cues to aid in reducing mistakes and lost time. This is usually the first lean method that a company will implement as it organizes the workspace without major modification (Lean Production, 2023). 
The Five S system uses five pillars which provide a methodology to organize, clean, develop, and sustain an effective work environment. Routines are essential in the daily running of a company to enable an efficient flow of processes (Michalska, 2007). 
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This eliminates any items from the workspace that are not required for current manufacturing processes. A common method of doing this is known as “red tagging”, in which every item within a workspace is evaluated for necessity. Red tags are then placed on any items which are not required for current processing or if they are in the incorrect location. Any item with a red tag is then moved to a holding zone from which they can be recycled, repurposed, or disposed of. After this activity is carried out valuable floor space is reclaimed and scrap, raw material, and broken tools or equipment are removed (TWI Global, 2023).
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After the workspace has had the clutter removed all the remaining items can be organized for maximum efficiency. Items that are in frequent use are kept closer at hand, and all items are given a designated storage space. Colour coded labels are often used to help workers quickly identify certain storage spaces. This helps to create a less stressful, more efficient workplace (TWI Global, 2023).
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The next step following on from set in order is to give the workspace a thorough clean down. Subsequent clean ups are necessary, and a cleaning schedule may be implemented. Having a clean work environment provides opportunity for employees to spot issues with equipment more easily such as breakages, leaks, misalignments, or vibrations. The chance of cross contamination between products is also significantly reduced (TWI Global, 2023).
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After the first three pillars of Five S are implemented, it is required to standardize the best working practices. This helps to maintain the three previous pillars by creating a consistent methodology in which procedures or tasks are completed. Common tools used to assist the standardise stage of Five S include check lists, five-minute Five S periods, job cycle charts, and visual cues such as placards, signs, or scoreboards. Also included within standardize is prevention. This includes preventing equipment from getting damaged or dirty, preventing procedures getting broken down, and preventing accumulation of unused items (TWI Global, 2023).
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Sustain is often considered the most difficult of the Five S categories to achieve and successfully implement. Employees are usually stuck behaviours, and it can be difficult to manage the change to prevent them from reverting back to the status quo. Sustain must focus on creating a new status quo with an organized workspace being at the centre. Any achievements made in the previous steps would be a waste of time without sustaining the results. Common tools used in sustaining new changes include performance reviews, department auditing, manuals, signs and posters. The whole culture of a company can change when Five S is implemented correctly with proper discipline (TWI Global, 2023). 
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LSN Diffusion is a manufacturing company that specialises in manufacturing nickel, cobalt and iron powders via an atomizing process. These powders are then used in many end applications including powder coating, hipping, brazing and additive layer manufacturing. LSN Diffusion utilizes three atomizing styles which are water, dry gas and hybrid. These powders are then screened to different particle size distributions to meet specifications selected depending on what the final applications are. Once the powder has been produced it is submitted to the laboratory for full evaluation. The basis of this report will focus on the laboratory.
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The laboratory at LSN has four laboratory technicians, one manager, and one assistant manager. The shifts are run with twenty-four-hour coverage for five days a week. Every batch of power produced undergoes full analysis by the laboratory technicians who will produce a test report. These test reports are then given to the laboratory managers for evaluation and then certification or rejection depending on the results. The laboratory conducts many tests which include:
· Chemical analysis – ICP OES
· Carbon, Sulphur, Oxygen, Nitrogen analysis – Combustion methods
· Weld quality testing
· Rockwell C hardness testing
· Sieve analysis
· Laser sizing
· Visual inspection
· Microscope imaging
· Hall cup flow
· Apparent/Tap density
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When the laboratory evaluates a batch of powder there are a few potential outcomes depending on the results compared against the specifications. These can be broken down further than just by pass or fail. The possible outcomes are shown below:
Straight pass – This is for product which entirely meets the associated specification
Passed internal concession – This is for product which does not fully meet the specification; however the management have concluded that the results will not affect end user performance. This can only be used on product batches where internal specifications are used
Passed customer concession – This is used for products which do not fully comply with the specification, but the customer has been informed and agreed to accept the powder anyway. Typically, this would result in a discount being applied to the powder
Passed for blending – This is used for products which have passed laboratory evaluation, but do not require certification as they are not being despatched. The leading cause for this is that the quantity of the batch is not enough to satisfy an order, therefore it must be blended with one or more other batches in order to increase quantity
Failed PSD – This is where the particle size distribution does not meet specification. These batches are returned to production for rework after which it will be rechecked by the laboratory
Failed chemistry – Often the most serious failure type, many of these batches are only suitable for remelting and it some cases results in the batch being sold as scrap if it is too contaminated to be usable
Failed other – There are many less common failure types included here which include weld quality, low apparent density, visible contamination in powder, and hardness
Failed for blending – This is typically used for batches which have been intended for blending purposes that would not be suitable for certification. These batches are normally produced in order to rectify another failed batch
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Table 1 Table showing laboratory data breakdown for 2022.
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Table 1 above presents the laboratory data for all of 2022. It can be seen that only 68% of batches submitted to the laboratory were certified for release to the customer. 20% of the batches were sent for blending which indicates a lot of wasted labour and expense. The primary reason for the amount of product sent for blending being so high is poor planning, not melting enough material to satisfy an order.

Table 2 N-580-FS1 Data
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Table 2 above is showing the data for 2022 looking at an individual alloy N-580-FS1. It can be seen that around 27% of this alloy type is sent for blending against the amount being certified.



[bookmark: _Toc141474070]Waste Present

Labour – The amount of laboratory technician available time is 8,112 hours over a complete year. This means that on average a batch of powder is tested for every 2.8 hours. Considering that 20% of the batches tested are sent for blending, the total number of hours in a year wasted on these results is 1,622. This equates to 31.2 hours every week, or the equivalent to around four full eight-hour shifts. 
Increased inventory – As the laboratory is testing more batches every week, the number of consumables kept in stock need to be higher to ensure that nothing runs out. These include acids, ICP-OES spare parts, combustion analysis consumables, gas cylinders, and welding test pieces. The lead time on a lot of these consumables is also quite long and sometimes unpredictable due to the recent gas shortages and energy price rises.
Expense – It is estimated that each batch of powder costs the company £500 per complete analysis. In 2022 581 batches of powder were sent for blending, costing the company £290,500 to analyse. All of these batches would have to have been resubmitted to the laboratory in their finished state where they would be fully analysed once again.
Waiting – When the batches of powder are submitted to the laboratory they are moved to a designated area where they wait for the results of the laboratory. During this time nothing can be done with the batch and so the equity held within the metal is not being utilized.
Increased lead times – Any batches sent for blending are essentially being double processed which will drastically increase lead times for the customers. 
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The current production planner shows N-580-FS1 being produced with other alloys being fitted in between runs. If these were instead produced all within a single campaign the quantities submitted to the laboratory would be enough to certify and release directly to the customer without further processing. This change however may have some knock-on consequences. Producing a lot of the same alloy in a single run will often mean that the revert will take longer to get back to the furnaces which would mean a higher amount of virgin material would be required to start the campaign. As well as this, the furnaces may be stuck with the same alloy for a week or more, so if any urgent orders are received there will be a delay in producing the new material.
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Laboratory Data 2022

Number of Batches: |Quantity (kg):|
Straight Pass 297 189305.2
Passed Internal Concession 1658 1117276.3
Passed Customer Concession 16 3990
Passed for Blending 483 2443326
Failed Chemistry 125 44084.4
Failed PSD 155 83034.9
Failed Other 48 17124.1
Failed for Blending 98 56249
Total: 2880 1755396.5
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N-580-FS1 Data

Number of Batches: |Quantity (kg):|
Certified a1 38247
For blending 15 8320
Total: 56 46567





