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INTRODUCTION

This assignment details a process improvement that, when implemented into the Bridgend Production Process, could eliminate several ‘wastes’ and improve some of the company’s reported KPIs.

Using factual production data, this assignment will explain how a current process is haemorrhaging wastes that can be eliminated without too much effort.


The current process

The ZB Bridgend site manufactures a medical device called an OsseoTi Shell, see figure 01 below.  This Shell forms part of an assembly of parts to replace the Hip section.


To appreciate an understanding of the function of this shell (Acetabular Component in medical terminology), refer to figure 02 which is an illustration where the OsseoTi Shell is located in a total Hip Replacement operation.


Figure 01 – OsseoTi Shell			Figure 02 – exploded view drawing
[image: ]   [image: ]
(Zimmer Biomet, 2022)		           (MBBS, 2022)



The OsseoTi Shell is supplied to ZB Bridgend as a raw material 3D printed shell, however it needs to be processed further before it is supplied to our customers.  

Figure 03 overleaf details the manufacturing process flow of the OsseoTi Shell; this assignment will be looking to suggest improvements at the Polishing stage (highlighted yellow).





Figure 03 – Process Flow Map
[image: ]



We will look at the types of waste being generated in this process, what parts of the process are creating value, an evaluation on how the process can be made leaner, and finally a consideration of the problems associated with this improvement, the costs, and how we can overcome them.






















WASTE

Before we begin to analyse the process, we need to understand what the objective is.  The objective of this project is to develop a Leaner process.  What is a lean process?

Lean Manufacturing is a management philosophy aimed at generating the maximum amount of value for the customer with the least amount of waste. Waste is anything that doesn’t add value to the product in the eyes of the customer, or doesn’t add value to the business as a whole. 
(University of Bedfordshire, 2022)

As it says in the referenced paragraph above, Waste is anything that doesn’t add value to the product.  So we need to identify the Value Added activities and the Non Value Added activities of the process, and focus on removing the Wastes.

Value Added are activities performed which have an effect on the aesthetics, fit, form or function of the Shell.  Basically, what the customer is paying for.

The Non Value Added activities are what the customer doesn’t want to pay for, and unfortunately such tasks exist as they form part of the manufacturing process.  These activities do NOT add any value or worth to the OsseoTi Shell.


We should focus our efforts on the Non Value Added (NVA) activities, but it is quite difficult to eliminate ALL of the NVA activities, so we must focus our efforts on the unnecessary NVA activities.  How do we determine between necessary and unnecessary NVA activities?

Necessary NVA tasks are activities that exist in the production process that are essential to manufacture the product.

Unnecessary NVA tasks are activities that can, with some appropriate analysis and consideration, be removed from the process without affecting the manufacture of the product.


In order to improve the Polishing task in the OsseoTi manufacturing process, we have to identify and remove some of the Unnecessary NVA activities; the Wastes of the process.



What are the Wastes of an inefficient process?  

According to many Websites, there are 8 wastes preventing a lean manufacturing process, figure 04 overleaf is an illustration of the wastes as outlined by Go Lean Six Sigma website.



Figure 04 – 8 Wastes
[image: ]
(Go Lean 6-Sigma, 2019)


Defects
OsseoTi Shells with dimensional errors, or have visual damage, requiring additional resources and time to ‘rework’.

Overproduction
Producing too many Shells before the scheduled production date, i.e. producing ahead of the production plan; building up WIP just in case of equipment failure.

Waiting
Waiting around for the previous, current or next stage of the process to finish.

Employees: skills, knowledge, ability
Employees that are not trained, over-trained, don’t have the skillset, over qualified, or not fully engaged in the process.  Ignoring employees improvement suggestions.

Transportation
Transporting batches of Shells from one location to another because of poor machine layout.

Inventory
Build-up of WIP for various reasons, increasing the costs of unfinished product, extra handling prone to damage, extended exposure to manufacturing environment.

Motion
Unnecessary movements by operators due to workspace, searching for tools or consumables, or unconsidered ergonomics (or 5S) of the immediate work area.

Extra Processing
Any NVA activity that the customer is not paying for, in-process washing, inspection, etc.


And a ninth waste covered in our lecture:

Energy and Environment
Any NVA activity that consumes electricity such as ‘trapped powder removal’ and in-process washing.  Any NVA activity that has an impact on the environment, such as in-process packing and unpacking for internal transportation.





































ANALYSIS OF OSSEOTI SHELL PROCESS

In comparison to the other Shells we produce, the OsseoTi shell manufacturing process is shorter because we don’t coat it with a titanium porous coating; that is already done by the 3D printer.  

To appreciate the difference between the two products, the process flow of the OsseoTi and PPS Shell is illustrated below in figures 05 & 06.  Images are screenshots from our SAP system. 

Figure 05 – OsseoTi Shell
[image: ]
(SAP, 2022)

Figure 06 – PPS Shell
[image: ]
(SAP, 2022)

The OsseoTi Shell is 3D printed, the porous coating that covers the whole of the outer shell is printed onto the shell.  This is entirely different to our PPS Shells, Finned Shells, and Stems products because they are all processed through the Vacuum Plasma Spraying Chambers where a porous titanium coating is applied to the outer part of the shell.  This process is done in the Porous Coating cell.


A visual flow of how the shopfloor is laid out, Figure 07 shows the physical movements that each batch of OsseoTi Shells will make, from removing trapped powder to the Polishing stage of the process.


Figure 07
[image: ]
(Thomas, 2022)


As per the process flow listed in Figure 05 SAP transaction, you can see from this floor layout plan the OsseoTi Shell is Machined and washed in the same area, then it is transported to the other side of the factory to the Polishing Wheel in the Porous Coating cell (step 6). 
 

Why?



The other Shell products, PPS Shells and Finned Shells, have a titanium porous coating applied to the outer part of the shell via the VPS chambers, so it makes sense to have the polishing wheel located in the Porous Coating cell.

The polishing wheel in Porous Coating is a single unit that is connected to an extraction system that services all the Porous Coating Linishing and Polishing Spindles.

We only have one polishing wheel in service, so even though the OsseoTi Shells aren’t coated in the Porous Coating cell, they are still transported to the Porous Coating cell to be polished, along with the PPS and Finned Shells.


Figure 08 – Omegapol polishing wheel
[image: ]



Every week we machine and polish a total of 3,550 shells, a combination of:

· 2,290 PPS Shells (porous coated)
· 315 Finned Shells (porous coated)
· 945 OsseoTi Shells (3D printer coated)






These figures are true manufacturing figures taken from our weekly production plan, shown in figure 09 below.


Figure 9 – Planning Schedule
[image: ]
(Evans, 2022)


Why are we pushing all 3,550 shells through one single polishing wheel, especially when OsseoTi doesn’t need to be transported to Porous Coating cell?

Something else to consider, we are expecting the operator to polish over 250 shells every shift, without fail.  Such a large target has the potential to impact on our quality, output rate and OTIF score.  We’re relying on an operator to make sure the finish is correct, that they haven’t removed too much material, achieve 250 shift target, complete paperwork correctly, and ensuring they polish the batches in correct date order, which can significantly impact on our OTIF score.


But, what if we found an alternative polishing method just for the OsseoTi Shells?  That would reduce the work rate of the current polishing wheel to 2,600 shells a week; 186 shells a shift?  It would give the operator proper time to check over their work, quality, dimensions, paperwork, etc?  It would eliminate transporting all those batches across the factory floor?  It would increase our chances of managing our OTIF score?  It would reduce inventory?

Review of the unnecessary NVA Wastes

We are suffering with the following wastes in our OsseoTi Shell manufacturing process:


Transportation
Carrying batches of OsseoTi Shells across the shopfloor to the only polishing wheel available.  If we had another polishing wheel positioned in the OsseoTi CNC cell, it would eliminate repeated transport movements and lost time.

Inventory
Build up of WIP at the polishing wheel because we’re routing too many shells through the polishing wheel as it’s the only one available.  If we reduced the amount of WIP through this unit, we could manage the WIP levels better.

Waiting
Waiting for an operator to bring the OsseoTi Shells to the polishing wheel, all other shells naturally progress to the rack next to polishing wheel as they’re processed through the Porous Coating cell.  OsseoTi Shells are carried into the Porous Shell from some distance away.

Motion
Limited space around the polishing wheel due to significant amounts of batches waiting to be polished.  A reduction of work in this area would free up space and allow the operator to develop a more efficient work flow.

Overproduction
As this is the only polishing wheel available, the operators tend to ‘over produce’ just in case the unit fails.  If it fails, they have overachieved enough WIP to cover breakdown time.  This does create high WIP levels at the next stage of the process, and negatively impacts on our OTIF score.




Benefits

We will reduce loading the porous coating polishing wheel by 945 shells a week, which is a 27% reduction; reducing the shift target to 186 shells.

We will reduce the distance operators walk.  Currently we produce 78 batches of OsseoTi polished every week, operators are making 150 steps from CNC to the polishing wheel; 78x150=11,700 steps.  
New polishing wheel will reduce walking distance to 40 steps; 78x40=3,120 steps.  That is a 73% reduction on steps, time and motion.


IMPROVEMENT SUGGESTION

Cutting straight to the point, introduce a second Omegapol polishing wheel, but locate it in the CNC cell.  As OsseoTi Shells don’t need to go to the Porous Coating cell, they can be polished in the CNC cell. 
PPS and Finned Shells need to be porous coated, so their process route into the Porous Coating cell remains unchanged, and will be polished on the existing Omegapol there. 


This suggested improvement will:

· Eliminate the Transportation of 945 OsseoTi Shells every week to the polishing wheel in Porous Coating.
· Reduce the amount of shells processed through the existing polishing wheel by 27%, thus reducing the Inventory at that work centre.
· Eliminate the Waiting for OsseoTi Shells to be delivered to the existing polishing wheel, as they’ll be polished in the CNC cell instead.
· Allow the operator to make use of the extra room around the existing polishing wheel, reducing the Motions and searching for consumables.
· Reduced shift targets will prevent the operator from ‘panicking’ over potential equipment failure and Over producing to compensate.



Where, and how, would we install another polishing wheel?

In the CNC cell there is a redundant linishing spindle that was used for a now obsolete product.  This linishing spindle is connected the main overhead extraction system, we could situate the new polishing wheel here.

The polishing wheel runs off a standard 240v supply.  We will have to run a cable to the linishing spindle area and terminate it into a standard 3-pin socket, this will be the power supply for the polishing wheel.

There are no amendments needed to any paperwork, work instructions or standard operating procedures, we are NOT changing the process, only introducing another polishing wheel, so all that is needed is to update the visual process flow maps.

Once connected to the power supply and the extraction system, we will conduct a standard IQ/OQ (Installation Qualification / Operation Qualification), and it’s ready for production.

Overleaf is the updated visual factory floor layout, updated with the proposed polishing wheel in the CNC cell.  The first thing we notice is the significant reduction in transportation.




Figure 10 – proposed site for additional polishing wheel
[image: ]
(Thomas, 2022)


To get a true appreciation of the real distance batches of OsseoTi are transported, the two drawings overleaf represent a ‘comparison’ of reality vs proposed improvement. 
 
Figures 11 and 12 are CAD drawings of the shopfloor layout, figure 11 is a drawing that represents the actual OsseoTi route to the Porous Coating cell.  Figure 12 represents my proposal, to install an additional polishing wheel in the CNC area.

















Figure 11 – actual route of the OsseoTi shell
[image: ]
(Thomas, 2022)

Figure 12 – proposed route of the OsseoTi shell
[image: ]
(Thomas, 2022)


POTENTIAL ISSUES WITH IMPLEMENTATION


Costs


Omegapol polishing wheel

We already have a spare Omegapol unit, but the motor is burnt out.  Maintenance have informed me that the new motor will cost £400, our internal maintenance technicians can undertake the work.


Figure 13 – spare Omegapol
[image: ]



Extraction connection

We are polishing a titanium product, titanium is a flammable material, we have to connect the polishing wheel exhaust to the main overhead extraction system, via a spark arrestor unit.  We use a contractor company called Dustraction Services who will supply the materials and undertake the work for a quote of £800.


Power Supply

Our facilities department contract a local electrician to attend site for 3 days every week, I have asked the Facilities Manager if the electrician can run a cable from the nearest 240v supply, and terminate it into a standard 3-pin socket where we plan to locate the polishing wheel.  Luckily, the costs of the electrician are already covered by a rolling service contract.


The total costs for the installation are £1,200, it is difficult to quantify the costs of the time of the electrician for the power supply, and the maintenance technician for replacing the motor.

The advantages of a second polishing wheel in the CNC cell far outweigh the installation costs, after all we’re removing 5 wastes which will benefit the company in several areas.



Culture

For over 10 years we’ve been polishing all shells with the one polishing spindle in the Porous Coating cell, this proposal will change that, it will create a new working methodology.

[bookmark: _GoBack]I have spoken to operators about my proposal, initial feedback is they may feel ‘removed’ from their comfort zone due to working in a different area; they may feel excluded from the Porous Coating camaraderie.

Break times are structured by Cell areas; CNC machinists go together, and Porous Coating operators go together. The polishers worry they’ll have to switch break times and go with the CNC team. 

People are always weary about change, we will overcome that with careful planning, open communication about the progress of the work, and address any issues, concerns or worries.
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