MAJOR PROJECT QUESTIONS

QUESTION ONE
In section 6.1.2.2 (pg 60), you discuss some of the findings from the audit/review conducted at Amcor and their comments relating to variation in their product (composition). When you identified that the quarantined foil had a different composition to the known ‘good’ foil, which specification metric would measure this difference and was this within the product specification (as originally defined by OCD)?  
	
[bookmark: _Toc43064661][bookmark: _Ref44012874]Table 1– Amcor Foil Material Specification.
	Material Composition

	Top Lacquer
	Chemical Base
	Epoxy

	
	Colour
	Gold

	
	Weight
	3g/m² ± 0.9g/m²

	

	Foil 
	Material
	Aluminium

	
	Specification
	EN AW-8021B

	
	Thickness
	70µm ± 5.6 microns

	 

	Heat Seal
	Material
	Polypropylene Epoxy

	
	Weight
	9g/m² ± 1.8g/m²

	 

	Total
	Thickness
	[bookmark: _Hlk536685951]82µm ± 16µm

	
	Weight
	201g/m² ± 17.8g/m²



The aluminium foil composition was chemically analysed and then compared to the Critical to Quality (CTQ) material properties specified within Amcor’s data sheet as shown in Table 1. The foil passed the material specification defined by OCD however, the weight of the heat seal was on the uppermost end of the specification at 10.7g/m² where the maximum passable criteria was 10.8g/m². 

Next, the lower preforming aluminium foil was compositionally compared to the known ‘good’ foil, it was immediately apparent that the heat seal was the only critical variant that changed considerably. Theoretically, the higher heat seal weight also provides confirmation that increasing the heat-sealing parameters is the right approach to take. The increased heat seal weight signifies that there are more polymer bonds, therefore more work is required to achieve the same level of seal integrity. If not enough Temperature, Pressure or Dwell Time is received then the part will not produce a peel force strength above the 4.1 Newton limit. 

Unfortunately, due to COVID-19, OCD were unable to visit the material specialists who conducted the foil composition analysis for further details. It has been identified however that there is a reduced level of material understanding within the Engineering team and therefore it has been requested that training is provided. An increased material knowledge within the team will prove beneficial for the continuation of the Foil Recovery project, and also for all future supplier quality issues too.





QUESTION TWO
When conducting your root cause analysis studies, were you mindful of any cognitive biases and how they may be mitigated? 
	Within manufacturing, I am always mindful of cognitive biases and the detrimental affects they can have on the success of a project. Throughout my career my mentors have continuously encouraged the use of the ‘Is, Is-Not’ problem solving tool as a rational process to confirm facts and rule out assumptions which could misguide root cause analysis. 

The literature review within the Foil Recovery dissertation improved my understanding of the different types of cognitive biases, as shown in Figure 1 and therefore prompted me to think of mitigating methods.
[bookmark: _Ref44001701][bookmark: _Ref44001675]Figure 1 – Cognitive Biases (Li Niu, 2009).
[image: How to Reduce the Impact of Cognitive Biases on Project Decisions]
An ‘Is, Is-Not’ was conducted during the daily meeting on the BioVue production line to gather a full understanding of all core departmental inputs, as well as remove any unproven conceptions. One comment continuously raised by the team was that the aluminium foil was the problem, but no one could answer why they thought this. Others however blamed the robustness of the heat-sealing process and pinned the reduced seal integrity on PT100 temperature probe issues, again not based on facts. Consequently, the first two investigations were exclusively focused on material and process analysis.

The material analysis investigation confirmed that the composition of the foil aluminium was a root cause, however this time OCD had statistical data to pinpoint exactly what the material composition issues were, and therefore could feedback their findings to the supplier. Without data OCD could have potentially wrongly accused the supplier of fault due to ‘overconfidence’ bias. 

Secondly, the process analysis investigation concluded that there were process weaknesses, however not associated to the PT100 temperature probes as first thought. Instead the weaknesses were linked to Pressure inconsistencies, Dwell Time discrepancies and non-optimised heat-sealing parameters therefore, none of these findings aligned with initial process ‘anchoring’ bias thoughts. 



QUESTION THREE
Has the learning from this study been captured and disseminated within the organisation for future reference? If so, by which means? 
	
The project had 3 improvement investigations:
1. Material Review
2. Process Review
3. Machine Parameter Optimisation 

Investigation 2 yielded the fastest improvements because the issues associated to Pressure and Dwell Time were directly addressed. Pressure variance was reduced from 0.6Bar to 0.06Bar, a mere 10% resulting in an improved Standard Deviation of 21.93 to 2.84; this improved the repeatability of the heat-sealing pressure. The dissertation drove an OCD site wide pressure system review, which found that large pressure variation was common across all manufacturing lines. Resultantly, more 300-litre receivers were introduced to accommodate any peak pressures and reduce process pressure variation. Furthermore, line Pressure capacity was increased from 5Bar, up to a maximum of 10Bar to allow OCD to provide more pressure during the heat-seal to encourage the entanglement of polymers. Lastly, discrepancies with Dwell Time was mitigated by improved control of cylinder set heights as discussed within the dissertation report.

One of the largest learnings disseminated from the Foil Recovery project was in relation to how to conduct a Design of Experiments (DOE) study. Previously, the engineering team had only used One-Factor-At-Time (OFAT) methodology which resulted in the necessity to use large sampling groups in the attempt to try and capture the interaction between factors. The alternative DOE methodology yielded lots of interest, and the training given from myself to others which was very well received.

Furthermore, there has been an increased understanding at OCD of the criticality of product testing incoming materials at lower, nominal, and upper tolerances to ensure that material specifications are appropriately determined. The addition of this pre-requisite testing criteria has also been included for all future validations of new incoming raw material, to improve supplier confidence reliability. 






QUESTION FOUR 
Are there any measures which you would recommend the company puts in place to ameliorate or mitigate quality issues such as this in the future?  
	
Short Term
OCD were incredibly lucky to trial the new material weeks before the old stock was depleted. Even though the heat-sealing parameters have been optimised which improves the overall seal integrity, the root cause has not been addressed. OCD are aware of the likelihood of repeat material issues and therefore should introduce control measures to either:
· reduce the material composition variability and fix the root cause, or 
· introduce precautionary measures to sample incoming goods to understand if the aluminium foil is comparatively similar. If similar, production can continue to manufacturer as per optimised parameters. If not, then another DOE study will be required to uniquely optimise parameters to account for the material variation. 

Currently at OCD there are incoming inspection activities conducted by Quality Control however, the inspection tasks do not include physically heat-sealing cassettes with multiple aluminium foil samples to test the peel strength. The introduction of this check will not mitigate the variability of the foil, but instead allow OCD to plan accordingly. Dependent on the foil composition, the parameter may require further optimisation to be unique to the next batch of foil.

Long Term
The Foil Recovery Project highlighted to upper management the shear volume of time and resource spent optimising the equipment parameters, and yet, the root cause was not resolved. To prevent the need to repeat the parameter optimisation studies to accommodate for the foil composition variation, OCD must direct resource efforts to either completing supplier initiatives with Amcor or consider an alternative supplier as suggested within the dissertation.
 





QUESTION FIVE
One of your proposed Control phase recommendations is to consider alternative suppliers. As you identify, this may prove problematic from the point of view of maintaining a good relationship with your supplier. Are there any principles, practices, theories which could help you to manage this relationship whilst addressing quality issues forthrightly? How do you think this could be taken forward? 
	
Within the supplier contract with Amcor, OCD’s customer expectations are outlined which includes the required level of contact from both parties. The contract also specifies regulatory standards such as ISO 13485 & 14971 as well as an ‘Audit Level’. Amcor was categorised as the highest Audit Level of 4, due to the criticality of the aluminium foil on the products seal integrity. 

Even though an Audit Level of 4 naturally promotes a close working relationship with Amcor, OCD should remain mindful that it is recommended within the Supplier Relationship Management Model to meet with suppliers face-to-face to build professional working relations and to improve their understanding of how OCD as a business operates. Transparency and clarity between OCD and the supplier ensure that Amcor have a true appreciation for the large resultant affects minor material composition variance can cause on the end user, a blood diagnostic patient. Understanding both how a supplier and customer work will provide a better sense of how each can support one another, as well as plan strategic changes to adapt and continuously improve. 

Common quality principles to prompt higher quality of incoming materials include Material Review Boards (MRB), Continuous Improvement (CI) tasks as well as Supplier Corrective Action Requests (SCARS) too. All these initiatives can only be implemented once the Root Cause has been determined. It is critical for OCD to verify whether Amcor have the necessary capability to achieve the required material specification and if not, to determine as a customer if Amcor have the scope to be supported to raise the quality standard, by narrowing the foil specification limits.

Some companies mistakenly swap suppliers too quickly, which can have a detrimental effect on product quality. It could prove beneficial to remain loyal with a current supplier, as over time a strong working relationship can be developed because the supplier will begin to better understand OCD’s business needs. Moreover, if a company needs to move suppliers to improve quality, then it is important that the project is planned wisely to prevent manufacturing disturbances. 

The introduction of a new foil manufacturer however is not a small task, especially as OCD is a highly regulated medical engineering company. The project would be very expensive and take may months of hard work by multiple departments including Process Engineering, Supplier Quality, Quality Engineering, Regulatory, Technical Authority, Operations, Purchasing and more. All of OCD’s customers however want to see a solution to the problem statement, it is not good enough to accept the likelihood of manufacturing BioVue cassettes with a peel strength lower than the 4.1N lower limit defined and resultantly risk of false blood diagnostic results. Building healthy relationships with suppliers is not a complicated process, however ignoring it completely can lead to confusions and misunderstandings which is not good for any businesses.
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Cognitive Biases

"The tendency to look for information that supports your existing belief
whilst rejecting data that goes against it"

Try to find other viewpoints or sources of data, and discuss your ideas
with your team.

"Jumping to conclusions based on information obtained early in the
process, even if it proves inaccurate later on. "

Make decisions more slowly where possible. Use a decision making
process instead of rushing to a conclusion.

"Relying only on readily available information"

Seek feedback and inputs from others.

"Placing too much faith in your knowledge, opinions, and contribution.
This flaw is often associated with entrepreneurs. "

Overcome by using good data sources, and reviewing past examples of
successes and failures.
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