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Introduction

After more than 70 years at the top, General Motors lost its position as the world's top automobile manufacturer in 2009. While the GM strategy, which was built on mass production and low costs, worked for a while, the world was shifting. Toyota recognised that a greater product selection was necessary to satisfy consumer demand and that mass production did not benefit the market. They were able to take the lead in the vehicle business as a result of their foresight (History.com 2010). In order to reduce waste on its production lines, Toyota devised a system in the 1950s called TPS. The Toyota Production System (TPS) had a straightforward guiding principle: remove all wastes. By doing so, the business was able to produce vehicles in the most effective, economical way possible while ensuring quick lead times. One of the pillars of contemporary lean production is the removal of waste while also focusing on the client and the workforce. Toyota was able to ensure employee loyalty by making sure they were invested in the business (James P Womack 2007). Modern manufacturing is very competitive, and most manufacturing businesses, including Zimmer Biomet, place a great priority on lean production. By setting up a CI room and hiring a dedicated CI Team that participates in Kaizen events and facilitates improvements, this commitment to Lean has been solidified in the strategy. This project will highlight Zimmer Biomet Bridgend's waste-producing processes that can be made more efficient. This report's major goals are to detect wastes, analyse them to find non-value-added procedures, and then suggest an effective remedy for improvement.
What is Lean

  The Lean methodology considers waste brought on by operational imbalances and surplus inventory left over from overproduction (Jose Carlos Toledo 2018). Lean manufacturing was established in the Japanese production line by the engineer Taiichi Ohno. Ohno's contributions to contemporary Lean are well known. “Re-improve what was improved for further improvement” is one of the Ten Precepts to Ohno’s “Think, act and Win” approach, and sums up lean perfectly (definition 2022). Lean is a never-ending cycle rather than a brief reorganisation followed by the transition to new tasks. People, environments, standards, and laws are just a few of the many things that change, and as change is constant, improvement is also necessary. Only with this mindset is greatness actually possible.  (Combinator 2020).

The Process of Consideration
A core product produced in the Zimmer Biomet Bridgend facility is the Cemented Oxford Tibial Tray. The current weekly forecast is 1800 pieces, and this number is expected to rise to 2200 pieces per week in 2023.  Femorals are also scheduled to increase to 700 pieces every week, which poses a threat to business continuity. Takt time for the 2200 cemented is 47.88 minutes per batch (12 pieces), which takes into account breaks and planned maintenance tasks. The Cemented Oxford Tibial Tray and Cementless Fems are two separate items that the Intec Robot makes, as shown in Figure 1. The Intec Robot has a weekly capacity of 2500. However, with the increase of the Cemented Oxford Tibial Tray and Femorals in 2023, the robot's capacity will increase to 120 percent. The Senior Leadership Team has asked that in 2023, only Cemented Oxford Tibial Tray be produced on the Intec due to the fact that all consumer demand is heading in that direction. In light of this, a chance has presented itself to streamline the process. 
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Figure 1 - Products run on the Intec Robot
Wastes within the process

The six sigma handbook lists eleven wastes as opposed to Taiichi Ohno's original "seven deadly wastes," which are noted in Table 1 (Taiichi Ohno 1988). A useful mnemonic for remembering them is CLOSEDMITTS, which is seen in Figure 2. (Pyzdek 2003). I will use the wastes listed in Table 1 for this purpose of this project.
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Figure 2 - Six Sigma Handbook Wates
	Waste in Transportation

	Waste in Overproduction

	Waste of Time on Hand

	Waste of Processing Itself

	Waste of Stock (Inventory)

	Waste of Movement

	Waste of Defect Product


Table 1 - Ohno's Seven Deadly Wastes

There are many approaches to identify process wastes; however, for the purposes of this project, Value Stream Mapping (VSM), which is shown in Figure 3, was adopted. One way to think of the VSM's scope is as a "door to door process for a process level map." (Manos 2006).
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                 Figure 3 - Current State Value Stream Map
Table 2 is a list of the various observations that were taken from the current state VSM.
	VSM Output
	Current State

	Flow in Minutes (Total time each part takes through process)
	182

	Maximum Cycle Time in the process (mins)
	72

	Line Balance Efficiency
	63.1%

	Balance Delay
	36.9%

	Supplier
	Internal Stores

	Customer
	End of Line (Internal)

	Total Inventory (Pieces)
	106

	Total Inventory (£)
	£76,320

	Number of Operators required
	5

	Lead Time from MHR (minutes)
	3600

	Total Yeild
	96.30%

	Sigma Level
	3.28

	Total Non Value Added Activities (Minutes)
	104

	Total Value Added Activities (Minutes)
	152

	Total Business Value Added (Minutes)
	21

	Total Transport Work (TTW)
	1551 p m/h

	Theoretical Number of Work Stations (Sum of Total Tasks/Cycle Time) 
	2.53 (Rounded up to 3)

	Actual Number of Work Stations
	4


Table 2 -Current State Value Stream Map Outputs
Figure 4 below shows the current state of transportation. 
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Figure 4 - Transportation Flow Current State
Evaluation of NVA activities and Wastes within the process

The overall running time of the NVA Activities is 104 minutes. Three of these NVA Activities, as indicated in Figure 5 below, will not be taken into consideration since Zimmer Biomet, a maker of medical products, places a premium on traceability and appropriate documentation techniques. Although the customer does not view certain NVA Activities as offering value, the company views them as doing so because they are business-critical. Additionally, programme loading is required.
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Figure 5 - Business Value Added Activities
Figure 6 displays the potentially eradicable process wastes that were uncovered in the VSM. The biggest improvements will come from the transportation and waiting wastes.
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Figure 6 -Non Value Activities

The VSM also showed excessive inventory levels, particularly at Linish. An assessment of the effects of high WIP levels was conducted in light of this.
Inventory
The VSM highlights the significant inventory levels. Figure 7 shows 62 orders of work in progress for the Linish polish - IPC process. Contrary to the precautionary motive hypothesis the process under consideration does not require increased levels of WIP to protect supply. (Afrifa 2020). The internal stores are the process's supplier, and they maintain sufficient inventory to guard against supply chain issues. As a result, the supply from the process to the customer  (End of Line) is sufficiently stable. 
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Figure 7 -Current Work in Progress Levels

Figure 8 displays the findings of additional investigation in to historical WIP levels. The data clearly demonstrates that WIP within the cemented tray process has been increasing in 2022; the lowest levels are observed following the Christmas period. 
[image: image9.png]- CNC

— ast/Part Mark

— Intec

100

— Linish - IPC.

— ol

—CNC  m—st/Part Mark

Historical WIP (2022)

I_.I EmE
e

BREwE

—rrec.

Ao
)
s
)
s
7

- Liish - PC ——Toral

way
un
5
1
s
2

106

-I-
un

1
2
1
5
105




Figure 8 - Historic Work in Progress Levels
Analysing the customer's service level was the next stage. The average delivery on time to schedule in 2022 was 49.47%, with 66% being the highest level seen in 2022, and that service level has been trending down. Figure 9 indisputably illustrates a poor level of service to EOL.
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Figure 9 - Service Level to Customer
Figure 10 below further illustrates the relationship between rising WIP levels and falling service levels (On time in full) when both are analysed  simultaneously. This means that excess WIP in this process must be reduced if it is to earn a reputation as a reliable provider to EOL.
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Figure 10 -WIP Levels V Service Level
Figure 11 below compares the actual production lead time to the lead time in Figure 3's value stream map. The production lead time is calculated using the typical time it took for all orders in June to get to the customer. 
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Figure 11 - Lead Time V Production Lead Time
Transportation
Table 3 below was used to quantify the total transport work in the process, it is based on deliveries made and distance.  
	Distance From (        )   to (       ) in Meters

	
	CNC
	Blast & Part Mark
	Intec Robot
	Linish/IPC
	EOL

	CNC
	N/A
	6
	N/A
	N/A
	N/A

	Blast & Part Mark
	N/A
	N/A
	12
	N/A
	N/A

	Intec Robot
	N/A
	N/A
	N/A
	13
	N/A

	Linish IPC
	N/A
	N/A
	N/A
	N/A
	110

	EOL
	N/A
	N/A
	N/A
	N/A
	N/A

	

	Number of deliveries From (     )    to (       ) in Orders

	
	CNC
	Blast & Part Mark
	Intec Robot
	Linish/IPC
	EOL

	CNC
	N/A
	11
	N/A
	N/A
	N/A

	Blast & Part Mark
	N/A
	N/A
	11
	N/A
	N/A

	Intec Robot
	N/A
	N/A
	N/A
	11
	N/A

	Linish IPC
	N/A
	N/A
	N/A
	N/A
	              11

	EOL
	N/A
	N/A
	N/A
	N/A
	N/A

	Total Transport Time = 1551 p m/h


Table 3 - Current State From to Chart
Waiting Time
The excessive waiting time was the main factor in the labour consideration. There are 74 minutes of waiting time included in the 182 minutes of flow time. This breakdown is seen in Figure 6. There are numerous obstacles to overcome before waiting times may be reduced or removed from the process for the CNC mill and the Intec robot. For instance, it is necessary for the CNC and Intec robot operators to be close to their machines while the cycle is running, and as you can see in Figure 12 the equipment is set apart. Since this waiting time accounts for 40% of the headcount, there would be a reduction in staff of two Operators if it were utilized properly, but to do so would require equipment moves.
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Figure 12 -Current state Map of equipment
Improvement Proposal
The proposed improvement is in two phases; 

Phase one - amalgamate the CNC Mill, Dry Blast and Part Mark in to one operation with one Operator, to create a Machining and prepping Cell. Delivery to the Intec Robot will be the end of the shift.
Phase two - amalgamate the Intec and Linish – IPC Operations which will have two Operators, to create a Finishing Cell. Delivery to EOL will be at the end of each shift.
Moves in the equipment are necessary to make these advancements achievable. So those moves are clear, the current and future state maps have been amalgamated and can be seen below in Figure 13. Measurements have been taken to confirm the moves are possible. 
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Figure 13 - Current & Future State Map of equipment
Phase One – Cell 1 (Machining).

According to the VSM in Figure 3, the CNC Mill will have 36 minutes of waiting time to complete the Dry Blast/Part Mark operation. You can see a breakdown of cycle periods in Figure 14 below. Adding Dry Blast/Part Mark during the cycle will not affect throughput with a cycle time of 29 minutes.  But there would still be some waiting time. For the CNC Mill operator to be able to monitor the machine while working on the other operations, the Dry Blast and Part Marking equipment will need to be moved. Phase One's future state is depicted in Figure 15.
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Figure 14 -Current Cycle times from VSM
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Figure 15 - Phase 1 Future State Map of equipment
Phase two – Cell 2 (Finishing)
Additional equipment moves are necessary to complete phase two; two spindles will be fitted in the area by the Intec robot. Figure 16 depicts the proposed Future state for Phase two.
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Figure 16 -Phase 2 Future State Map of equipment
Cost and Resource 
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Figure 17 -Breakdown of cost and resource required
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Figure 18 - External Quote for extraction
Inventory Management

To guarantee that WIP does not rise to current levels, inventory levels will be regulated by maximum and minimum work-in-progress racks, which will be managed by the leadership team and reported out via the shift handover. Figure 20's Future State VSM emphasises the WIP required for the process (30 batches).
The creation of a future transportation flow also demonstrates a definite reduction in transportation work for the direct operator. Deliveries will only be made at the end of shift, but lead times can still be met. 
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Figure 19 -Future State Transportation Flow

It is possible to significantly reduce transportation, and Table 4 quantifies the future state..
	Distance From (        )   to (       ) in Meter

	
	CNC, Blast & Part Mark
	Intec Robot, Linish & IPC
	EOL

	CNC, Blast & Part Mark
	N/A
	11
	N/A

	Intec Robot, Linish & IPC
	N/A
	N/A
	110

	EOL
	N/A
	N/A
	N/A

	
	
	
	

	Number of deliveries From (     )    to (       ) in Orders

	
	CNC, Blast & Part Mark
	Intec Robot, Linish & IPC
	EOL

	CNC, Blast & Part Mark
	N/A
	1
	N/A

	Intec Robot, Linish & IPC
	N/A
	N/A
	1

	EOL
	N/A
	N/A
	N/A

	Total Trasnsport Work (Future State) = 121 p m/h


Table 4 - Future State From to Chart
A future state VSM is shown in Figure 20. You'll see that the areas have switched from a process layout (Figure 3) to one that is more cellular. The example displays two cells. The first cell is for machining and product preparation; it will essentially get the product ready for finishing. Prior to delivery to the customer, Cell two will operate as a finishing cell. 
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Figure 20 - Future State Value Stream Map
Figure 3 compares many observations from the Future state VSM to the Current VSM. Table 5 illustrates the comparison.
	Value Stream Map Outputs
	Current State VSM
	Future State VSM
	Change

	Flow Time in Minutes
	182
	83
	-99

	Maximum Cycle Time in the process (mins)
	72
	42
	-30

	Line Efficiency
	63.1%
	97.6%
	+34.5%

	Balance Delay
	36.9%
	2.4%
	-34.5%

	Supplier
	Internal Stores
	Internal Stores
	N/A

	Customer
	End of Line (Internal)
	End of Line (Internal)
	N/A

	Total Inventory (Pieces)
	106
	30
	-76

	Total Inventory (£)
	£76,320
	£21,600
	-£54,720

	Number of Operators required
	5
	3
	-2

	Lead Time in Minutes
	3600
	2160
	-1440

	Total Yeild
	96.30%
	96.30%
	N/A

	Sigma Level
	3.28
	3.28
	N/A

	Total Non Value Added Activities (Minutes)
	104
	35
	-69

	Total Value Added Activities (Minutes)
	152
	152
	N/A

	Total Business Value Added (Minutes)
	21
	21
	N/A

	Total Transport Work (TTW)
	1551 p m/h
	122 p m/h
	-1389 p m/h

	Theoretical Number of Work Stations (Sum of Total Tasks/Cycle Time) 
	2.53 (Rounded up   to 3)
	1.95 (Rounded up to 2)
	-1 

	Actual Number of Work Stations
	4
	2 (in line with Theoretical)
	-2


Table 5 - Future Value Stream Map Outputs
Challenges

The proposal's main difficulties are not with the equipment moves; rather, they are with the management of change. Changes are made for the benefit of the company, but their effectiveness depends on how they are put into practice. The leadership team at Zimmer Biomet has faced major difficulties in implementing a new culture, but significant progress has been made as a result of involving all team members in the changes. Should this proposal be applied, Kaizen events would be required. Employees should be given the opportunity to weigh the advantages and disadvantages of the proposal.  The advantages and disadvantages should then be discussed. This should enhance group dynamics through a sense of achievement with group discussion. Through Kaizen events and routine meetings the buy in of operators should be achieved and implementation a success.
Conclusion

The advantages that can be realised as a result of the proposal greatly surpass the cost implications presented in Figure 17, as you can see in Table 5. The entire content highlighted in green indicates an improvement in the performance. Additionally, with WIP management in place and all workstation maximum and minimum levels established, the service level to the customer will rise. Should the proposal become reality, a project lead would be required and collaborative meetings will be set up. 
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