



Introduction.

Of the Two options given in the assignment, I have chosen option 1; develop a data-informed, improvement plan for an operation or application within your place of work. 
 (2000 max word count)

The area I will be looking at for this assignment is our mouldroom. We produce a part in this area called an Anotomic bearing which is a critical part in the Oxford partial knee system. The bearing I will be looking at id made from ArCom polyethylene, it is used within the Oxford partial knee system as a bearing to eliminate metal on metal surfaces. By using a plastic bearing it will increase the life of the product and prevent metal particles (ions) being released in to the blood stream. 
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• Mobile bearing designed to remain fully congruent with femoral component throughout entire range of motion1 
• Increased wear resistance with ArCom Direct Compression Molded polyethylene
(http://www.biomet.co.uk)




Problem Statement
There has been a sharp increase in scrap levels on the anatomic bearing product line in the month of February 2020. The increase had been highlighted on the monthly scrap report by the Quality department. The increase in rejects has taken the scrap levels over our targeted levels that would be acceptable to the business so needs investigating by the manufacturing Department for root cause analysis. 



Data Collection
After obtaining the data from the QA department, I have generated a simple graph to compare the number of parts scrapped in January and February.
 


As you can see from the graph above, there is a significant increase in the number of inclusions. An inclusion could be anything that has been moulded within the bearing, examples are - hair fibers, clothing fibers, or anything else that can be seen by the naked eye. The other scrap codes you can see are consistent in both months. It is clear from the graph that the sharp increase with inclusions needs investigating, even though all other scrap codes seem consistent, I will also be investigating undersize and oversize dimensional scrap because of the number of parts we are seeing. 
I will be separating this in to two parts. Firstly, I am going to investigate the inclusion scrap. 

Analysis of the inclusion scrap data


 On reviewing the process map and walking the area the area, I have completed a fishbone diagram with some possible causes that came up during brainstorming. 
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During the brainstorming I focused on these things
· What would cause the inclusions
· Where would the inclusions happen
· What were the inclusions
· Is it operator related
· Is it process related
· Has anything changed in the process

If you look at the graph below, you will see that the inclusion scrap is relatively the same for each operator. This indicates that the issue is not related to any particular operator and it would seem to be a process issue.


 Here is the percentage of inclusion scrap per operator. As you can see, they all fall between 7%-11%.

While looking at the process I decided to watch the first operation (filling).

· The filling of the tools is carried out in a controlled environment. All operators within the environment should be gowned up as per a process spec. 
· All tooling, bins, work surfaces are cleaned daily while no production goes on
· Powder is filled up within a plastic bin every shift 
· The powder is very low in the plastic bin
· Powder is stored outside of controlled environment
· Storage room for powder is untidy
· Powder bags are ripped and broken
· Operator did not have gown zipped up to neck area as it should be

Looking at all the data and the issues it’s likely that there are a few issues that are impacting on the amount of inclusions we are seeing. 
1. The storage of the powder
This area is very untidy, racking was broken and bags were being ripped. When the bags are ripped, this was not being reported so the integrity of the powder was being compromised. On analyzing the powder against our quality standards, it fell short. We were finding more than 200 inclusions outside of the acceptable criteria. 

2. Storage of powder within filling room
A blue plastic bin is used to store the powder, it was noticed that the powder was low, the lower the powder got the more inclusions we found because they were falling to the bottom

3. The gowning up procedure was not being followed allowing fibers to be released in to the environment.

Corrective actions
1. New racking introduced and card access granted to only the operators in that area
2. Contact made with vendor of the powder to improve packaging, powder is packed twice with think plastic covering. Tool box talk held with operators regarding the inspection of the packaging prior to transfer to work area.
3. Training given to all operators with detail on the implications of not gowning up as per procedure.
Conclusion
After implementation, the next 2 months scrap data was plotted and you can see the results below.


As you can see, the corrective action have shown a drastic decrease in the inclusion scrap. 

The inclusion scrap has reduced from 1644 to 200. This is an excellent result and a great cost saving to the business, we have also seen an increase of 25% in our efficiency.


Dimensional scrap
There are two types of dimensional scrap, under size and oversize. Two issues, tooling wear or incorrect weight of powder being placed in tooling, can only cause both of these defects. 
A review of all tooling was carried out. The findings are as follows.
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· A total of 88 tools were located and scanned 
· 88 tools all fell within the specified tolerances
· All tooling visually checked for and damage – all tools were acceptable
On getting the results from the scanning, it’s clear the tooling being the root cause of the high dimensional scrap is not the case. All tooling is in very good condition.
I moved on to the filling of the tools, I have gathered 2 months of data. Please see below for number of scrap parts per operator.

As you can see, unlike the inclusion data, the dimensional scrap is a lot higher for Operator 8 and Operator 9. All other operators have a very low rate of dimensional scrap. 
With this in mind, I looked at pulling their training records to see how long they have been on the job. Please see below.


From the graph, you will notice that both operators, 8 and 9 have considerably less service on the job. If I merge the length of service and the scrap % here’s what it looks like.

 


There is a clear indication here that two operators that are relatively new to the role have more scrap than the others do. The two operator in question contribute more than 80% of the dimensional scrap.  This is what is known as the pareto principle. Around 80% of the scrap is caused by 20% of the people. 
What Is a Pareto Analysis? 
Pareto Analysis is a technique used for business decision making based on the 80/20 rule. It is a decision-making technique that statistically separates a limited number of input factors as having the greatest impact on an outcome, either desirable or undesirable.
(https://www.investopedia.com/terms/p/pareto-analysis.asp)


All efforts will now be to target and eliminate the 80% scrap.

What do we know about the process?
The filling of the tools with powder is a manual operation that has a lot of room for human error, especially for new operators. 
The operator will call up correct recipe on the computer by scanning barcode on MHR (manufacturing history record). Decant correct weight of powder into filling cup. (Correct weight is displayed in recipe and issued by engineering). When the correct weight is displayed on the scales, press the transfer button to send the measured value to the recipe. 

Below are examples of how we fill the tools, it’s a trial and error process that is quite difficult to master. 
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This process is not robust enough and requires extra measures to eliminate human error. 

Corrective actions 
For this part of the job a new system will be put in place where the operator will fill as per work instruction but the new software will not allow the operator to remove the filling cup unless the correct weight has been issued. If the cup is removed with the incorrect weight then it triggers an alarm. 

The data shows that operators 8 and 9 were not filling the tools with the correct weight powder, when reviewing the training records both had not been trained to the correct documents. Both have been placed on training. 


Conclusion
From the data collected for inclusion scrap, it is clear that the root cause for the high rate of reject parts is the process and not people. The packaging and storage of the powder was unacceptable. Ripped powder bags a big contributor here. The corrective actions in this report have proven to be successful and reduced the monthly scrap by over 1400 pieces. 
The data from the dimensional scrap indicated that there were issues with training and too much room for human error. The corrective actions put in place here also reduced the scrap. All operators are now below 10% scrap rate.

Monthly scrap pre and post corrective actions

Inclusion scrap before corrective action – 1644
Inclusion scrap after corrective actions – 200
Dimensional scrap before corrective action -  918
Dimensional scrap after corrective action – 103

There is a clear reduction in both sets of scrap, this verifies that the corrective actions in place have been sufficient and the root causes identified. 
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Inclusion scrap


inclusions jan	inclusion scrap Feb	634	1644	


Total number of peices scrap per operator

incusion scrap	
Operator 2	Operator 4	Operator 1	Operator 3	Operator 7	Operator 5	Operator 11	Operator 10	Operator 12	Operator 6	Operator 8	Operator 9	90	109	89	120	134	160	166	167	175	177	98	159	u/size scrap	
Operator 2	Operator 4	Operator 1	Operator 3	Operator 7	Operator 5	Operator 11	Operator 10	Operator 12	Operator 6	Operator 8	Operator 9	0	0	8	3	0	0	0	0	0	1	289	187	o/size scrap	
Operator 2	Operator 4	Operator 1	Operator 3	Operator 7	Operator 5	Operator 11	Operator 10	Operator 12	Operator 6	Operator 8	Operator 9	0	8	0	0	0	0	0	0	0	188	234	damaged	Operator 2	Operator 4	Operator 1	Operator 3	Operator 7	Operator 5	Operator 11	Operator 10	Operator 12	Operator 6	Operator 8	Operator 9	0	0	5	1	0	0	0	0	0	0	1	0	other scrap	Operator 2	Operator 4	Operator 1	Operator 3	Operator 7	Operator 5	Operator 11	Operator 10	Operator 12	Operator 6	Operator 8	Operator 9	0	0	0	0	0	1	0	0	0	0	0	0	Operator


number of parts scrap




Total number of peices scrap per operator

incusion scrap	
Operator 2	Operator 4	Operator 1	Operator 3	Operator 7	Operator 5	Operator 11	Operator 10	Operator 12	Operator 6	Operator 8	Operator 9	90	109	89	120	134	160	166	167	175	177	98	159	u/size scrap	
Operator 2	Operator 4	Operator 1	Operator 3	Operator 7	Operator 5	Operator 11	Operator 10	Operator 12	Operator 6	Operator 8	Operator 9	0	0	8	3	0	0	0	0	0	1	289	187	o/size scrap	
Operator 2	Operator 4	Operator 1	Operator 3	Operator 7	Operator 5	Operator 11	Operator 10	Operator 12	Operator 6	Operator 8	Operator 9	0	8	0	0	0	0	0	0	0	188	234	damaged	Operator 2	Operator 4	Operator 1	Operator 3	Operator 7	Operator 5	Operator 11	Operator 10	Operator 12	Operator 6	Operator 8	Operator 9	0	0	5	1	0	0	0	0	0	0	1	0	other scrap	Operator 2	Operator 4	Operator 1	Operator 3	Operator 7	Operator 5	Operator 11	Operator 10	Operator 12	Operator 6	Operator 8	Operator 9	0	0	0	0	0	1	0	0	0	0	0	0	Operator


number of parts scrap




Total number of peices scrap per operator

incusion scrap	
Operator 2	Operator 4	Operator 1	Operator 3	Operator 7	Operator 5	Operator 11	Operator 10	Operator 12	Operator 6	Operator 8	Operator 9	90	109	89	120	134	160	166	167	175	177	98	159	u/size scrap	
Operator 2	Operator 4	Operator 1	Operator 3	Operator 7	Operator 5	Operator 11	Operator 10	Operator 12	Operator 6	Operator 8	Operator 9	0	0	8	3	0	0	0	0	0	1	289	187	o/size scrap	
Operator 2	Operator 4	Operator 1	Operator 3	Operator 7	Operator 5	Operator 11	Operator 10	Operator 12	Operator 6	Operator 8	Operator 9	0	8	0	0	0	0	0	0	0	188	234	damaged	Operator 2	Operator 4	Operator 1	Operator 3	Operator 7	Operator 5	Operator 11	Operator 10	Operator 12	Operator 6	Operator 8	Operator 9	0	0	5	1	0	0	0	0	0	0	1	0	other scrap	Operator 2	Operator 4	Operator 1	Operator 3	Operator 7	Operator 5	Operator 11	Operator 10	Operator 12	Operator 6	Operator 8	Operator 9	0	0	0	0	0	1	0	0	0	0	0	0	Operator


number of parts scrap




years service

years servive	Operator 2	Operator 3	Operator 4	Operator 7	Operator 1	Operator 5	Operator 10	Operator 11	Operator 6	Operator 12	Operator 8	Operator 9	7	9	7	12	10	9	8	8	15	8	2	2	operator


number of years sevice



Years service/scrap %

% scrap	
Operator 2	Operator 3	Operator 4	Operator 7	Operator 1	Operator 5	Operator 10	Operator 11	Operator 6	Operator 12	Operator 8	Operator 9	6.9230769230769235E-2	8.0415045395590148E-2	8.2326283987915402E-2	8.5732565579014722E-2	8.6206896551724144E-2	8.646616541353383E-2	0.10283251231527094	0.10381488430268918	0.10774818401937046	0.11482939632545931	0.46526655896607433	0.35474006116207951	years servive	
Operator 2	Operator 3	Operator 4	Operator 7	Operator 1	Operator 5	Operator 10	Operator 11	Operator 6	Operator 12	Operator 8	Operator 9	7	9	7	12	10	9	8	8	15	8	2	2	% scrap


Years service





% scrap	Operator 2	Operator 4	Operator 1	Operator 3	Operator 7	Operator 5	Operator 11	Operator 10	Operator 12	Operator 6	Operator 8	Operator 9	6.9230769230769235E-2	8.2326283987915402E-2	8.6206896551724144E-2	8.0415045395590148E-2	8.5732565579014722E-2	8.646616541353383E-2	0.10381488430268918	0.10283251231527094	0.11482939632545931	0.10774818401937046	0.46526655896607433	0.35474006116207951	


Jan V Feb scrap reports

jan	inclusion	u/size dim	o/size dim	damage 	other	634	581	440	7	1	feb	inclusion	u/size dim	o/size dim	damage 	other	1644	488	430	7	1	scrap code 


number of parts
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