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Introduction

This introduction will include assumptions made from the information provided to a Consultant Process Improvement Engineer to develop a data-informed, improvement plan for an existing manufacturing process. 

Assumptions:

· Each pair of technicians are both using and have the same equipment available.
· Each pair of technicians uses and adheres to a set process when working.
· Each pair of technicians works the same shift patterns / equal working time.   

The following report is a continued investigation into defects identified at the end of two individual processes. A detailed set of data tracking each type of defect was completed after each process. 

Common RCA (Root Cause Analysis) were looked into to try and identify what was potentially causing the defects to occur, this is detailed further in the report.


Problem identification/problem statement

In a manufacturing facility, there have been a number of defects identified on or within components being manufactured within the sand casting and machining areas of the facility.  The issue here, is to identify if there are a number of issues and/or identify the root cause. This may be down to training or sub-standard materials, however, once identified, with a continuous improvement plan in place, this should alleviate the need for costly changes and/or material wastage.






[image: ]Data Summary / Data Analysis

I have created the table above, to simplify and identify any common denominators within the defects occurring. From which we can see that operators B and D produced the highest number of defects throughout the period recorded.

From the data in the above table, there are a number of issues that require attention, such as.

· All operators have a poor outcome in regard to their surface finish. This is to be reviewed in terms of up to date training and monitoring. As well as an awareness of quality expectations and tolerances.
· Operators A and B both have poor outcomes for Blow Holes when assessed. The probable cause(s) have been identified and investigated within my Root Cause Analysis. However, these causes may be in conjunction with further training requirements to eliminate further defects. This corresponds with the lean manufacturing principles which should already be in place.
· Defect counts for Blow Holes within the machining operations would potentially be down to the casting process. These may not have been identified at all or were potentially thought to be reworkable in the later process(s).

 




Root Cause Analysis

Sand Casting:

[bookmark: _Hlk39554594][image: ]Surface Finish – During the sandcasting process there is a wide range of contributing factors to the cause of surface finish issues. I will present some of the most common root causes for surface finish defects. (See image opposite). 

[image: ]When sand casting multiple factors in each individual process can have a massive effect on the final product when complete. What is known as “Misrun” is a common fault in the casting process. This is where the molten metal does not completely fill a given mould. Again, this can have multiple sub contributors. A “Misrun” is most commonly down to a lack of fluidity within the molten metal or a too narrow cross section within the mould. These factors may be down to inconsistent temperature throughout the molten metal or potential impurities with varying melting points.

Another factor could be what is known at “Cold Shuts”. This can cause major flaws within the casting’s structural integrity. A “Cold Shut” is where, two streams of relatively low temperature molten metal meet from different gates and the gas from both streams prevents a full and correct bond between the streams. If not detected this could give a final product that may not be able to cope with its intended purpose. (Examples of defect opposite).

Impurities can have major implications if used within the casting process. They can prevent the metal setting and forming correctly. This can cause further internal issues such as weakness and inconsistent grain structure within the metal.
[image: ]Blowhole – A blowhole is where a cavity forms in the casting. These can be present both within the casting or visible from the surface. These once again can cause irreparable defects within the casted component. (See image opposite)

A common cause of “Blowholes” is too damp / wet casting sand just prior to metal pouring. The reaction of the molten metal and the moisture in the sand causes rapid steam to build up. If this gas cannot / does not get released it can create “blowholes”. Optimum sand conditions must be met to avoid this, varying on material used.

Another cause of this defect can be overheating of the mould when casting. This can cause the mould to overreact in terms of expansion especially on first point of contact. This can potentially give the mould massive deformation. With this occurring it has consequences which will be a potential scrap product.
[image: ]
Improper Shape – This covers any defect which prevents proper form of the casted part.

When a component is casted, if the mould is not completely clean or there is a defect on the surface of the mould, it has potential to cause a defect within the casted component. If this occurs there is potential of producing a scrap component that is not salvageable.

Another potential contributing factor for improper component shape, could be the grade of casting sand used in the process. If the incorrect grade / sand mixture is used, there is potential to have deformation in the casted component. This could be down to different properties of the varying grades when subjected to the heat of molten metal.

When casting, consistency of temperature is key to give a properly formed component when finished. If there is significant differences between molten metal and the mould used, there is potential to deform the mould giving a deformed product / improper shape.

Machining:

Surface finish / Defective finishing – When using a milling machine there is a wide range of contributing factors that can present a high risk to the surface finish of a component. This can be down to the type of tool, the speed the cutter is running at, the speed of the feed (assuming it is not being manually fed to machine) and cutting temperatures. This also applies for when components are being drilled. The correct bit must be used as well as an appropriate rpm with the correct cooling fluid.

When milling, good practice is to inspect both machine and tooling that will be used in the process to be carried out. For example, assuming that when milling down a component surface it is done using a traverse (automated bed feed), the correct speed of the feed must be used. If not, this could potentially cause significant damage to the component being machined.
The same applies for the speed the cutter is running at. If the cutter is running at too high of a speed it can potentially score / damage the machined surface leaving defects. The speed must be appropriate to the material being machined as well as the size of the cut being removed. Before any cutting were to take place, the correct cutter should be selected and inspected for any obvious defects, as any damaged cutting teeth can give an uneven surface finish.

Blowhole – This defect would primally be caused in the casting stage. However, if this defect were to occur below the surface, it would not become apparent until the component was starting to be machined. This defect would only have been detected after the machining process if the blowhole were not able to be machined out. This defect cannot be prevented within the machining phase, or potentially removed, but not guaranteed removal.

Improper Shape – This is also mostly controlled by the previous process as milling would be difficult to cause any deformation of the machine component. However, after this process is carried out the definition of “Improper Shape” is defined by whether the machining was not carried out to be finished within tolerance or it was not able to be controlled and caused when being casted.


  
Action Plan

After looking into potential RCA (Root Cause Analysis) a holistic approach should be undertaken, and the following actions should be taken to prevent these defects reoccurring as best possible. Continuous Improvement Strategy should also be implemented to ensure all issues are encompassed from management to workforce
   
Firstly, and most importantly, process training must be carried out immediately, with all staff involved with the process. This is of the utmost importance, due to potential health and safety risks imposed by untrained personnel. Once formal and in-depth training has been carried out this must be documented appropriately and continuously reviewed annually / every 6 months, as a live document. This requirement has become apparent due to the high volume of defects documented by all personnel reviewed. 
Any alterations throughout the life of the process should be readily available and made clear to all technicians effected, via clear and concise training and if necessary, an electronic workbook.

Secondly, FLM (First Line Maintenance) checks must be implemented. These include a check of the working environment ensuring the technician can work efficiently and safely. These checks also include checks of all tooling used, for example the machinist must check oil levels and all cutters to be used ensuring there are no defects. These checks must be documented and completed by each individual technician at the beginning of every shift.

Thirdly, communication between both individuals in either team or cross functional communication is essential to achieving required quality standards. Such communication such as “Buddy Checks” should be implemented in some form. This acts as a sieve, helping to identify any defects within the components produced at any stage of the process. This works in line with lean manufacturing principles in reducing waste from scrapped components that do not meet the quality standards. This could be in the form of a “sign off” sheet to ensure ownership and accountability
from the employee.



Also, I would recommend that the manufacturing engineering team review the manufacturing process. From the defects shown, there seems to potentially variables within the process that are uncontrolled. The uncontrolled variables could be significantly contributing to some of the defects being identified. These could also be entered and considered when producing the DFMEAs for these manufacturing processes which currently there seems no evidence of.

Another gap identified is potential variance in quality of incoming material. This again gives variables that are unknown when the incoming material is assumed to be of correct standard and quality when arriving at the facility. A sampling area should be incorporated for every batch of material that arrives in the facility. Understanding there is an upfront cost for setting up an area to carry the process out, however looking into the bigger manufacturing picture, this minor sampling process could evolve into a massive companywide cost saving.  A Quality Management System (QMS) would work well in this given scenario.























Appendices

· Surface Finish Diagram - www.tanfel.com
· Casting Diagram – www.open.edu
· Defect Example Diagram – www.researchgate.net 
· Blow Hole Diagram – www.mechanicalbooster.com 
· Search Engine – www.google.co.uk
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