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[bookmark: _Toc110023267]Introduction
By optimising the production process from raw material to customer, lean manufacturing has shown to be an effective method for gaining a competitive edge. This assignment depicts a Lean Manufacturing case study created at the Zimmer Biomet manufacturing plant in Bridgend with the purpose of detecting waste and suggesting ways to reduce some of the waste to make the process leaner.
The purpose was to map the process and find as many of Ohno's (1988) "7 kinds of waste" as feasible. The End of Line process is likely the most important since it is here that components are cleaned, sterile packaged, and labelled.
Final Cleans 1 and 2 have been in the same position for over ten years; moving either Final Clean would necessitate re-validation and significant financial consequences; also, we simply have too much volume passing through the plant to allow such downtime of vital equipment. The disadvantage is that when new equipment is added into the area, it can be difficult to identify while keeping process flow in mind.
Lead times are growing in a market where demand is strong; failing to deliver the customer when they require implants would only harm the company's reputation and profitability.
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[bookmark: _Toc110023270]Identifying waste within End of Line.
To make a process leaner we must look at ways to remove waste within the process, waste in manufacturing refers to “all elements of production that only increase cost without adding value” (Ohno, 1988). With value taken from the customer’s perspective. 
Ohno (1988) identified waste in 7 categories as part of the Toyota Production System:
1. Transport 
2. Inventory 
3. Movement 
4. Waiting
5. Over-Production
6. Over-Processing
7. Defects
[bookmark: _Toc110023271]Value Stream Map
Value Stream Mapping (VSM) is one of the most important tools for lean manufacturing (Dadashnejad & Valmohammadi, 2019), VSM detects waste and possibilities for improvement by observing material and information flow from raw material collection through customer delivery. (Forno, et al., 2014) 
It is now necessary to maintain a balance between supply and demand. Furthermore, customers are increasingly seeking higher-quality items at lower prices, delivered quickly. As a result, lean assists in visualising and improving the value stream (Womack, et al., 2007)that must be supplied to consumers.
We must complete with a cross functional team, in particular the Operators, letting them understand why we’re doing it and get their buy in. The bearers of improvement processes are the employees of the company (Bakotic & Ante, 2017), who can, through their abilities, support positive changes in processes that they know in far greater detail than office staff. 
Current State.
Current state mapping allows you to identify all the gaps and wastes within the process of the current state (Shingo, 1989) with the goal of improving and creating a future “improved” state (Womack & Jones, 1997). 
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[bookmark: _Toc109886083]Figure 1 End of Line Current State Value Stream Map

1. Takt time
The current demand for Taperloc is 4000pcs a week. The current shift pattern for EOL is 24/5 which equates to a total of 115hours or 6,930 seconds. Using the following equation   
Takt time (T) = 103.5 seconds per unit.

As each batch size is loaded in 12pcs we need to produce a batch of Stems every 20.7 minutes.

2. Cycle time
Currently there are 7 steps within the EOL process, all of which are individually timed, giving a total cycle time of 180 minutes and 30 seconds.

3. VA/NVA/BVA
The total Value added time equates to 62 minutes and 10 seconds.
The Non-Value added time equates to 98 minutes.
The business value-added is added because each operator is required to complete Line opening/closing this time adds up to a total of 15 minutes.

4. Lead Time
The total lead time for Taperloc stems passing through End of line is 7 days 9 hours. High WIP is causing batches to wait at a number of work centres.







5. Machine Uptime
The reliability of the Optimal washes has been a major worry in 2022; we currently require a minimum of 90% availability to meet the planned commitment.

Figure 2 shows a breakdown of overall availability from weeks 2-25.
Figure 3 provide a breakdown of the percentage of downtime for each Final Clean.

All other machines inside EOL have a machine uptime of greater than 95%.
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[bookmark: _Toc109886084]Figure 2 Optimal Final Clean Availability
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[bookmark: _Toc109886085]Figure 3 Final Clean 1&2 downtime percentage

6. Inventory
Inventory management and the aforementioned problem are interrelated; the business choice is to continue running the feeder cells' while allowing WIP to accumulate, knowing that the EOL washes, with overtime on weekends, can recover.
· Figure 4 displays the quantity of product and its value that are waiting at the wash.
· The WIP for final inspection is likewise too high, during the weekend, washes are run to fill the area before the Quality team arrives on Monday.

[bookmark: _Toc109886086]Figure 4 Inventory levels at the Final Cleans
  
7. Defects
Scrap and rework at EOL is currently the highest across the site, mostly caused by mechanical failures of equipment (ultrasonic failures, robot arm issues). 

· Figure 5 shows total rework caused by Final Clean 1&2 equals to £1,321,861. Root cause below.
· 6 Ultrasonic Failures, as it’s checked once a day 24hrs product has to be rewashed
· All tanks have been replaced and improvements were immediate.
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[bookmark: _Toc109886087]Figure 5 YTD Rework caused by the Final Cleans

· Total Scrap caused by Final Clean 1 & 2 equals to £644,096, as shown in figure 6. Mostly caused where batches stay in Tank 1 for over 600seconds, parts are scrapped as there’s no proof than the detergent Citurol can be removed. Root cause(s) below.
· Robot Arm issues
· Batches exceeded maximum time
· Batches queue if the person unloading isn’t quick enough.
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[bookmark: _Toc109886088]Figure 6 YTD Scrap Caused by the Final Cleans

· 1326 labels reworked, each time the previous set are disposed of causing high cost. Figure 7 shows that the quantity of rejects are consistent each month.
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[bookmark: _Toc109886089]Figure 7 Print Label Rework
8. Additional Waste
There are many additional wastes within the process identified by the VSM, all of the wastes covered by Ohno (1988), these hidden wastes are adding additional time and cost to the process.
· 1.5 hours DT each day to check the Ultrasonic on each wash. Additional to the DT the Ultrasonic Testing Phials are single use and cost the business £150,000 p.a.
· Daily testing equipment such as filters, detergent, hydrometers and stores in separate.
· There is no 5s in the area and the standard between shifts differ.
· Operators are required to visually check all parts pre and post wash, with almost no chance of changing during the wash cycle this is a waste of Operator time.
· Operators complained that poor communication from leaders cause them to work on the incorrect jobs, increasing idle time in the area.
· Poor lighting <1000-1500 luxe; causing Operators to miss defects and pass on poor quality.
· 
9. Process analysis
In the year of 2021 190,000 Taperloc Stems were manufactured, 13,345 were scrapped off, providing a defect level of 7%.

Table 1 shows the data for the long-term capability of the process, which includes sigma level, Cpk, Yield & DPMO.
[image: ]
[bookmark: _Toc109886131]Table 1 Long-Term Process Capability





















[bookmark: _Toc110023272]Analysis of Value added within End of Line.
The customer determines how much value an activity or production part has. Value is what the customer is willing to pay for. It is said that up to 95% of process activities are non - value adding. This is probably true, depending on your definition of value adding. (Womack & Jones, 1997)
When a customer selects a Zimmer Biomet implant they expect to receive an implant in a condition that is the correct Fit, form and function, free from process contaminants, packed/labelled correctly and sterile. 
Within EOL less than half the total cycle time is spent adding value, take the two washes for example, both process steps have the highest Value adding %, however majority of this time is spent during an automated cycle time, the operators are waiting during cycle, eliminating this waste could save the business money that could be passed on to the customer.
Packing Operations add critical value to a part because this is where the sterile barriers are sealed to the pouch and blister, but again, only a small portion of this task is what the customer wants to pay for, the rest of the time is spent gathering packaging items and paperwork. 
Figure 8 provides a breakdown for each process step in EOL, showing the VA, NVA & BVA.
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[bookmark: _Toc109886090]Figure 8 VA, NVA & BVA Pie Chart for EOL process steps

When you take a look at the leading businesses globally, they all have one thing in common – they deliver their parts to the customer on time and extremely quick, the importance of being able to deliver your parts on time cannot be underestimated. (Baily, 2008)
The site's scheduling system and business model are flawed; demand fluctuations cause backorders to come and go, without a single piece being made; safety stocks are high for certain products; and yet the business decision is to continue building in order to improve site metrics. A precise scheduling system is critical to ensuring client satisfaction. (Pinedo, 2016)
A large data set was analysed and figure 9 shows that most batches take 11 days to reach EOL, which is extreme in itself, however the distribution graph in figure 10 shows that most batches will reach the customer on the 18th day, so taking 7 days to be processed through EOL, this is also extreme given that the value stream map identified that product has the ability to reach the customer in a matter of hours.

[bookmark: _Toc109886091]Figure 9 Distribution chart: Lead time from RM - EOL

[bookmark: _Toc109886092]Figure 10 Distribution Chart: EOL - Customer






High WIP levels have a significant impact on our lead time performance. Data also shows that when the WIP is lean, lead times and the OTIF "On Time in Full" metric perform better.
Figure 11 demonstrates a clear association between WIP levels and how quickly we can deliver goods to customers.

[bookmark: _Toc109886093]Figure 11 Impact to OTIF due to High WIP at EOL.

[bookmark: _Toc110023273]Making End of Line leaner.
To make the process leaner we must go after the wastes identified in the VSM, all 7 wastes described by Ohno (1988) have been identified within the process, two areas have been focused on to improve the flow of the process and increase Operator efficiency. 

[bookmark: _Toc110023274]Standard work for the Degreaser and Wash Operation
Operators running the Vapour degreasers are underutilised, waiting times are excessive and other tasks could be completed during cycle time.
Current state.
Figure 12 shows an example of the Standard work form used to time the current state.
Currently 1 employee Operates the Vapour degreaser then immediately loads the Optimal Final Clean.
The total cycle time for this is currently 558 seconds, however, operators are waiting for the auto cycle to finish.
Waiting times are excessive and have been timed at 321 seconds, this is waste we can easily go after.
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[bookmark: _Toc109886094]Figure 12 Example of Standard work sheet used during exercise.

Future state options.
The following activity was completed for a further 3 Options that could be implemented in the future state, the same Operator was used for continuity. Table 2 shows the results of all 3 Options.
1. 1 Man to Operate 2 Vapour Degreasers and Load 1 Optimal Final Clean.
2. 1 Man to Operate 3 Vapour Degreasers.
3. 1 Man to Operate 4 Vapour Degreasers.
Note: All sheets for the above work can be seen in Appendix 1-3.
[image: ]
[bookmark: _Toc109886132]Table 2 Standard Work Time Study Results

Future State – Option 1:

Pros.
· Cycle time remained the same.
· Man time increased by 51%
· Waiting time reduced by 241 seconds (400%)
· Individual output doubled to 1239pcs a shift.
· 50% increase in Operator Productivity.


Cons

· Walking Time increased from 15 to 59 seconds.
· Waiting time for the next cycle is now 15 seconds.

Future State – Option 2:
Pros
· Man time increased by a further 7%
· Waiting time reduced by a further 10 Seconds.
· Waiting for next cycle has been eradicated
· Walking time is the lowest during the activity at 14 seconds.
· Individual output has increased to 1772pcs a shift.
· A further 15% increase in Operator Productivity compared.
Cons.
· Cycle time increased to 585 seconds.

Future state – Option 3:
Pros.
· Man time increased by a further 11%
· Waiting time has been eradicated.
· Waiting for next cycle has been eradicated
· Individual output has increased to 2009pcs a shift.
· A further 4% increase in Operator Productivity.
· Can be implemented when Final Clean 3 is fully validated later in the year.
Cons
· Walking time up 6 seconds on previous Option.
· Final Cleans 1&2 do not have the capacity to keep up with 4 Degreasers.
· WIP is being built in front of Final Cleans, possible contamination of product if waiting too long.
Moving the degreasers closer together will result in even more improvements. Because space is at a premium in the washroom, new equipment is placed wherever it can fit. However, as the activity has demonstrated, this introduces waste into the process. The following suggestion will shorten the walking distance and thus increase employee efficiency.
Figure 13 shows the current location and how the future layout could look and fit.
[image: ][image: ]
[bookmark: _Toc109886095]Figure 13 Degreaser Layout: Current vs Suggested Future layout.
[bookmark: _Toc110023275]Relocation of Print Label Operation.
The second suggestion includes changing the route, instead of labels being printed directly after the wash we could print at source and immediately apply the labels to the blister and outer box with no visual checks needed.
Figure 14 shows the process as it is, with the red dots identifying where product confirmation checks are completed. The risks involved with this change is that the label is applied to the incorrect product, posing a risk to patient. 
[image: ]
[bookmark: _Toc109886096]Figure 14 Print Label Process flow: Current state
The optimal location for label printing would be between final inspection and the clean room. However, because both locations are class 8 clean rooms, this would increase the Bio-Burden risks to intolerable levels.

The labels would be printed in the Box room and immediately applied to the blister and outer box. There is a 4-way label check within the Box and pack operation, so as long as the correct paperwork is with the parts, it is almost impossible for the user to apply the incorrect labels. Each label has a 2d barcode scanned and the software verifies the correct labels are being used.

Alternatively, a Mylar label could be printed at the end of the wash and travel with the parts, this could be applied at sterile pack to further reduce risk. Figure 15 shows how the suggested future state process could look.

[image: ]
[bookmark: _Toc109886097]Figure 15 Print Label Process flow: Suggested Future state
Benefits of this change:
· Improved process flow – Process steps reduced from 7 to 6.
· Reduction in process wastes
· Reduced cycle time
· Reduced lead time
· Reduction in head count – Only 1 operator is needed to unload the wash instead of 2.
· Reduction in label scrap & rework – Batches are no longer waiting for the Operator to visually check all labels, where previously this has caused batches to queue and overtime in tank 1. Less likely for labels to be damaged.
· Reduction in product cleanliness, parts are sent straight to Final Inspection as the labels no longer need to be checked post wash.

[bookmark: _Toc110023276]Future State Value Stream Map.
Figure 16 shows the process in its future state, where reductions in waste can be made from the following:
· Lead time
· Cycle time
· Non-Value Added Time
· Head count
· Process steps
· Waiting times
· Walking distance
· Scrap
· Rework
Also increasing in the following:
· Operator efficiency
· Value Added time
[image: ]
[bookmark: _Toc109886098]Figure 16 EOL Future State VSM
[bookmark: _Toc110023277]Challenges we may face when making the process leaner.
Getting Operators to do more is never an easy task, however, experienced and new employees have been involved from the start, making it easier to implement the standard work, the timings have shown its possible for the Operators to triple their output in a single shift, just by working smarter. 
Moving the Solvent degreasers will require requalification, and although standard practise, we will require the support from inside the business. The cost of the moves will be small and negligible; no external contractors are needed as they’re stand-alone machines.
Although the Print label may seem a simple move, a full risk assessment is required for Quality management to sign off, capturing the risks and all controls in place. 
If the Mylar label is needed, it could cause delays and complications, the following questions will need to be answered.
· Does adding a Mylar label damage the packaging?
· Will the Mylar label have an effect of product sterility when gamma radiated?
· Are the added risks captured in the pFMECA?
· Is the label printer validated?
· How can you confirm traceability at Sterile pack?
I think all of the aforementioned queries could be resolved, however if product or package testing is necessary, it may take up to six months, incur expenditures, and demand a lot of resources. These challenges, in my opinion, can be mitigated by the high costs of scrap and label damage we already face.
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[bookmark: _Toc110023279]Appendices
 Appendix 1 Standard work sheet for 1 man running 2 Vapour Degreasers and loading 1 Optimal Final Clean.
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Appendix 2 Standard work sheet for 1 man running 3 Vapour Degreasers.
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Appendix32 Standard work sheet for 1 man running 4 Vapour Degreasers.
[bookmark: _GoBack][image: ]


ULTRASONIC SOLVENT CLEAN	Taperloc Update Stem	Oxford Cementless Fem	Oxford Cementless Tray	G7-PPS	Taperloc Update Stem BM	G7-Osseoti	0	G7-Finned	Metal-Hips	Oxford Cemented Tray	Vanguard TNBN	G7-Finned BM	Metal-Knees	Oxford Cemented Tray TNBN	G7-SPS	Instrument Trial	Vanguard PSRP Fem	G7-PPS BM	SPS	393852.40999999963	246730.64000000083	242285.4999999998	220704.31000000008	151825.24000000005	122896.09999999996	120420.46000000002	80314.33	40436.71	32871.550000000017	31805.999999999989	30162.959999999995	25960.680000000008	18434.96	11797	11381.000000000002	9620.880000000001	7939.9100000000008	1223	



Manufacturing to EOL Lead time

1110.027	1	2	0	3	14	47	101	293	524	775	1077	1058	1051	1039	921	752	560	398	325	300	255	210	195	126	105	97	108	96	101	70	62	46	48	35	35	43	33	31	28	23	21	24	31	26	32	21	27	37	29	37	33	23	25	19	27	28	21	22	26	35	12	13	20	20	11	17	20	16	10	14	23	11	5	9	5	9	21	7	8	11	6	13	20	7	11	13	13	13	5	10	9	5	5	5	8	2	8	6	11	5	5	6	7	5	2	6	2	3	9	3	1	4	4	2	2	5	3	3	2	2	2	4	3	1	6	2	Days


QTY



EOL to CustomerLead time

GENRECD	0	7	8	2	7	1	1	1	1	6	22	29	84	162	361	746	1171	1412	1101	858	711	619	480	423	339	294	257	211	217	179	137	114	104	90	93	71	72	60	70	50	33	46	31	27	25	30	27	19	31	31	35	36	29	30	32	43	33	19	22	20	27	26	28	25	18	20	14	17	14	10	21	25	27	13	7	15	11	16	17	13	8	8	13	14	10	7	13	15	16	11	14	12	7	6	5	14	6	6	7	10	2	7	7	10	11	6	8	5	6	5	4	6	5	2	7	6	3	4	6	5	4	2	0	1	1	3	DAYS


QTY



WIP vs OTIF

WIP (batches)	Dec	Jan	Feb	Mar	Apr	May	Jun	85	200	368	350	379	380	402	OTIF	Dec	Jan	Feb	Mar	Apr	May	Jun	0.65	0.56000000000000005	0.48	0.46	0.39	0.35	0.28000000000000003	
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