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Executive Summary

The project “Power Of The People “ is all about utilising the resources which we have around us to improve and reduce scrap. One recourse which is not used enough and is greatly undervalued is the operators which run and work on machines every day, these operators tend to know that machine they are working on better than anyone else and this was the main focus. 
Having a major scarp concern with the largest running product, which Calsonic makes highlighted it globally and it became a bench marked product and with this title came a target scrap percentage, which needed to be achieved.  
Reviewing data it was immediately noticed it wasn’t good enough to make any sort of judgment on and need to be improved, With this the method of measuring was changed and more accurate measuring equipment was using, from a two decimal place reading to a three decimal place reading. The method was also improved making the measurement reliable and repeatable no matter who used the gauges. Alongside this data capture was improved making it easier, more operator friendly, also paper copies of documentation was removed from the cell, and a new computer capture system was introduced.
Improving all this made sure we were getting good reliable data which accurate analysis could be performed on and working as a team a full range of analysis tool were used from FTA documents, fish bone diagram , full process reviews. With all of this being controlled and followed in the form of a timing plan to make sure all actions were completed in a timely manor   
With the route cause being established which was incorrect set of the airway machine, the engineering team ensured it couldn’t happen again by installing a poka yoke. But also issuing new machine setting sheets for the maintenance to follow during planned maintenance. 
The key to all of this is in the control of the airway and with the combination of new measuring equipment, easier method of recording and analysing data along with trained operators. A data dash board could be established to display measurement trends assist and prevent any future potential concerns. 













Table of Contents
Executive Summary	1
Introduction	3
Main Project	4
Define	4
Measure	7
Analyse	10
Improve	13
Control	15
Conclusion	16
Works Cited	18
UPDATE TABLE FREQUENTLY – CHECK IT HAS BEEN UPDATED PRIOR TO SUBMISSION

Figure 1 -DMAIC	4
Figure 2 - Pareto analysis by failure mode	5
Figure 3 - Key component features	6
Figure 4 - Project Timing Plan	6
Figure 5 - New DTI	7
Figure 6 - Trouser press gauge	8
Figure 7- Tube Mino                                                                       Figure 8 - Airway height	8
Figure 9 - SPC of cores	9
Figure 10 - Timing plan	10
Figure 11 - Process Review	12
Figure 12- airway lean	12
Figure 13 - three pin plug	13
Figure 14- examples of training	14
Figure 15- Potential Tolerance Change	14
Figure 16 - Faulty bonding graph	15
Figure 17 - Data Dashboard	15
Figure 18 - completed timing plan	16
Figure 19 - Japan image	17








Introduction  

During the time this project was undertaken, the company which I worked for was named Calsonic kansei and was a Japanese owned company with the headquarters in Japan. The Llanelli facility of Calsonic Kansei where the project took place is part of the thermal cool systems divisions and predominately makes heat exchangers in the form of radiators and condensers. Although being a Japanese owned company the Llanelli’s site main customer was unique with it being Jaguar Land Rover and not Nissan like all the other Calsonic plants word wide.  This site had around 400 employees working varied shift patrons from three shifts which is morning, afternoons and night to a small majority mainly staff working days only. 
As like every company it won’t be successful if it doesn’t make any money, to monitor this key performance indicators are used ( KPI’S) and track the performance of the company, spend, amount of scrap produced, sickness and absence, output of product against the shedual and machine down time. When one of these of KPI’s falls below the target line set by management, it triggers an action to solve the issue and return the KPI back over the set target line. 
Internal scrap is something, which is monitored very closely, as it lends itself to identify issues within the process. Due to this it broken down into 3 main sub heading loose scrap, pre braze scrap and FA scrap. Loose scrap refers to child part, which have yet to be assembled into the product, this will generally be tubes or airways which make up the core matrix. Pre-braze scrap refers to a product which has been assembled but yet to be brazed done a furnace, lastly the FA scrap is anything which has been through the furnace and is brazed. 
To control this and monitor concerns, a daily scrap meeting takes place on the shop floor call QRQC ( Quick Response Quality Control) and also a weekly scrap meeting held by the plant manager. 
During the weekly scrap meeting, it was identified that one of the main JLR products, which is a PLA 27mm Radiator core was having a large fallout during the final leaking testing process of the part. This product is considered a bench-marked product for CKLL and therefore its internal PPM failure rate needed to be reported to the Japanese headquarters on a weekly basics, as a direct result of this action needed to be taken to reduce the scrap on this product. 









Main Project 

When starting a project, a logical approach must first be established to give clear direction to how the root cause is going to be achieved, for this project a DAMAIC approach was going to be used as when the acronym is broken down it will provide clear headings at each stage of the investigation. Define, measure, analyse, improve and control this will hopefully keep the project on track. As shown in Figure 1 -DMAIC

Figure 1 -DMAIC
This is also a logical approach which is a data driven, strategical approach which brings together a cross functional team from Quality, manufacturing, engineering and even the shop floor operator team. 
For this project the team was made up of this cross functional team
Quality Manger  - Hugh John
Manufacturing section leader – Barrie John 
Engineer – Tim Ryall
Quality engineer – Adam Evans
Operator team who manufactures the PLA 27mm product. 
This team will give us the technical ability to gather data, do control experiments and implement a permanent countermeasure to solve to concern. 
Define 

Before we defined the issue we firstly reflected over the data which has been presented to us in the weekly management scrap meeting. The PLA 27mm radiator for FY16 had an internal PPM of 31000  which had risen to 49709 by the start of this project. Due to this is was given a Global bench marking status with a target of achieving 8000 PPM for the rest of FY17. However, this does not tell us what is causing the high the PPM figure but has highlighted the concern. 
Breaking this PPM figure down to what the concerns are will point us in the right direction and will give us an are to focus on and define the cause. 
To do this a pareto analysis of all the failures generating scrap on the PLA 27mm was plotted this is shown in Figure 2 - Pareto analysis by failure mode

Figure 2 - Pareto analysis by failure mode
This pareto analysis has identified that the top concern, which was faulty bonding, this failure mode is generated at the core build which is during the first stage of product production before brazing. 
The core build machine is where the main body of the radiator is manufactured where multiple components come together to make the radiator, these include airway, tubes, side casing and tubeplates. The core build is made up of a central build bed and two feed machines where the airways and tubes are manufactured from plain coils of aluminium. When all the parts come together forming the sandwich, we refer to this as the PLA radiator “core” 
The Key components which could effect the core and potentially produce faulty bonding are the airways and the tube, the key feature on these parts are, Airway height and Tube Minor. Figure 3 - Key component features


Figure 3 - Key component features
 
Now that the concern has been identified as “faulty bonding on the 27mm PLA radiator “ the team got together to create a timing plan which would to guide us through each stage of the investigation, something which is key is to create a plan which is achievable and based on people day to day work commitments. This is shown in Figure 4 - Project Timing Plan

Figure 4 - Project Timing Plan



Measure

Before starting any analysis, the team firstly needed to establish that the measuring equipment and system we were going using was capable, if not it could lead us down an incorrect investigation path. To do this we did gauge R&R on the production measuring equipment which the operators were using. 
To measure the tube minor which is thickness of the tube after being formed, a 750mm digital vernier was used which gave a reading to the nearest two decimal places, when you consider the measurement being taken is of a tube which is 1.5mm with a tolerance of plus and minus 0.05 this equipment immediately didn’t seem the correct choice. 
To measure the airway height a DTI is being used this also is only to two decimal places, the method of measurement although used a DTI there was a addition of a parallel bock which the operators would place on top of the airway and bring the DTI nib down to touch this. Looking at this method the reading will pick up on the highest point of the airway and not a localised method. 
When the R&R was conditioned, we used 3 operators and asked each of them to measure the same set of airways and tubes using the current production equipment. The result was not good and meant that the method of both needed to be improved. 
For the airway the DTI clock was changed from two decimal places to three decimal places, the parrel was taken away and the DTI nib was replaced with a 5mm disk, also a back stop was added to the base of the DTI to ensure the reading location is consistent. Figure 5 - New DTI

Figure 5 - New DTI

The tube minor measurement was made more repeatable by removing the use a digital vernia caliper and replacing it with something we call “the trouser press gauge “  as shown in Figure 6 - Trouser press gauge. 

Figure 6 - Trouser press gauge
This gauge had a three decimal place clock on it to give a more accurate reading. To take the variable of the operators out of the equation, a compression plate was added with the tension controlled by springs, this made sure the same amount of pressure was being applied. Also a back stop was added to ensure the position was consistent.  Repeating the gauge R&R using the new gauges provided us with an acceptable result. 
Now that we knowingly had gauges which would provide us with reliable information, these were also gauges which under anyone’s use would give the same level of reliability, use these a 30 off study was done on both the Tube Minor and the Airway height. These were all consecutive samples produced at the same time so that process variation could be measured. 
Plotting the results using Minitab which a type of data annalistic software, it was clear to see that the tube minor was giving a capable variation with a CP of 3.56 and a CPK of 3.38 Figure 7- Tube Minor. Where the Airway height had significant variation although still within spec of a CP of 0.78 and a CPK of 0.67. Figure 8 - Airway height

Figure 7- Tube Mino                                                                       Figure 8 - Airway height


From this machine capability, it is clear to see that the area to forces was the manufacturing process behind the airway and not the manufacturing process behind the tube. 
Another area to check for variation was the process, to do this required assistance from the operators as the process was going to be measured over time. The reason behind this was that the failure mode being seen is not constant; although there are lot of them, it could happen over any shift at any time. So by monitoring the process hopefully a trend or a pattern could be established 
For this every core produced off the PLA 27mm Core built was numbered, these numbers could then be checked against a new data capture sheet which was introduced that captured valuable information focusing on the airway height. 
This information was plotted in an SPC formation and would require the operators to measure the airway every hour and record the core number at that time against that measurement. If a coil change takes place, the airway is to be measured before and after the coil change with the core numbers also being recorded. This information is shown below Figure 9 - SPC of cores with the circled X representing a coil change. 

Figure 9 - SPC of cores

The reason SPC charting was introduced to the line instead of asking the operators to record actual numbers. Is that it is a simple control chart that is easy follow and understand, it can also display an unusual event to anyone who is filling it in without any forms of data analysis training, such as a very high reading or a very low reading which could produce an out of spec part. As these would fall into the coloured bands on the graph. 



Analyse

As the team was working through the project following the timing plan weekly meetings were held to make sure we on track with our action and to disuses the next stage of investigation, below in Figure 10 - Timing plan is an updated timing plane coving the next stage of the DMAIC process which is Analyse. 

Figure 10 - Timing plan

With the process being monitored good data was now starting to be gathered, to link the data to the failure mode each PLA 27mm which was rejected after braze was analysed as priority in the shop floor wet test analyse facility. Although the failure mode of the cores is not causing the product to leak, the team wanted to keep the reject analysis down to one person who would gather the data and feedback correctly. 
The data, which was being captured, was the number written on the core and the location of the lack of bonding, this information was recorded on Measles chart, this provide a quick clear information which again could be collected by someone with basic understanding of data capture.  



Combining the information which was being gathered at the core build and the information which the wet test analysis was gathering, the failures could be tracked back to within a one hour manufacturing widow, this gave us focus and understanding of the best dimensional mix of parts which would result in the best part condition. 
To produce a core with no lack of bonding could easily be solved by increasing the airway height on the airway, however too much height will cause other issues, such as crushed airway. Even through the airway is only being increased by 0.04 mm over a complete core, which hold 95 airways the whole core can grow in size by 3.8mm. Again doesn’t seem a lot but when the core in put into a clamp for brazing the core needs to be compressed to the size of the clamp. This is what then results in crushed airways in the core. An effect also applies if the airway height is too low, this would be called dropped airways, although the clamp would seem to fit during the brazing process due to the core-sitting slacker between the clamp legs the airways will sag and fall partially out of the core. So understanding the correct height to manufacture the airway to critical. 
To verify the dimension mix would give us the correct compression in the core to prevent lack of bonding and the other process concern related to this, a check was conducted using a force meter. This allowed us to pull airways out of a pre braze core, which were at a known height providing a value in Nm which we determined as the OK value for this test. 
With the airway height being established it now needed to be kept as a constant to remove any variation, which could result in a core being produced with lack of bonding. 
To do the a large variety of process analysis tools were used by the team to establish the root cause, These included FTA / Ishikawa diagram , Full in death process review and a review of documentation including FMEA and PCP. 
The Ishikawa is always a going starting point to any investigation as it provides itself very well with controlled methodical brain storming, to every possible root cause related to the failure mode, which is being seen. These are often called fishbone diagrams due to the shape which they are drawing with the head being the defined issue and the bones being the branches to the brain storming activity. 
This method provided us with several root cause but nothing could be proven, which started a full process review on the machine. For this to be done each area of the machine photographed and required checking against the master machine settings, also other areas which could cause variation were to be looked at like, worn bearing, worn shafts, bolts which are holding key equipment secure like the airway rolls were tight any items that are subject to wear were still in spec.  


Figure 11 - Process Review
As areas of the machine were being worked and improved, the operators continued recording the airway height every hour, which acted as a running verification to the working being carried out. Every time a change was made the machine was left 24 hours to gather information otherwise if too many changes were done at once the root cause would never be established. 
The root cause was established and it was a result in airway roll set up, As part of the a weekly cycle the airway roll which form the airway are removed off the machine and given some planned maintenance ,at the same time the airway machine itself is given a PM. At the exist of the rolls there is a set of packing fingers and a guide plate which need to be removed as part of the PM. During the re-fitment of these, the guide plate was incorrectly assembled resulting in an airway lean Figure 11- airway lean. This then provided variation in the airway during the packing / bunching operation. 


Figure 12- airway lean
Improve 

Continuing the DMAIC process the next stage after finding the route cause is to improve the process and implement a robust countermeasure to prevent the failure mode from happening again, or to detect the failure mode before large amounts of scrap can be produced.
Tackling the main root cause to the concern the engineer Tim Ryall needed to introduce a method to prevent the incorrect assembly of parts afters the machine had been stripped down for a PM. The best way to ensure an assembly is correct every time is to introduce a Poke Yoke. 
A Poka Yoke is a method used to fool proof something ensuring it can only be assembled, inserted or done a certain way. A perfect example of explaining this is a house three-pin plug, as this can only be put into a wall socket one way, all other orientation will not allow the plug to enter. Show in Figure 12 - three pin plug


Figure 13 - three pin plug
Adapting this method of introducing a Poka Yoke on the cell the guide plate was doweled to the main holder which only allowed it to be put on one way, The maintenance were also training using a new working standards and setting sheets these covered a variety of factors which would reduce the variation in the process at source. All of the factors were established during the analyse stage during the FTA and process flow analysis. 
The method of recording data was highlighted during the measure section of the DMAIC process, it was clear that the amount of information being captured was not adequate to do any in depth analysis. It was also a very time consuming process due to the fact everything was being recorded on pre-printed SPC graphs which needed to be collected and then information extracted and analysed off these. To solve this a computer was added to the operator station, this eliminated paper from the cell instantly. However something which people take for granted these days is that they think everyone can use a computer. This was not the case, so training was set up and provided to the operators in basic IT skills, the use of Microsoft Excel and going one step further, tool and techniques on how to identify concern before they happen and what to do.  Figure 13- examples of training

Figure 14- examples of training
Doing this not only provided a format of data capture which could easily be analysed but also lifted moral in the team as operators were being and asked to get involved, where they are normally left out. 
Now that the process is stable and with the continuation of data capture the data was being monitored and plotted. What it showed was that although the airways, which were being produced, were within the tolerance band and there was no lack of bonding present, therefore the process was optimised. The graph was one sided and the airways were not being produced at a nominal spec, conducting a Design For Manufacture a further improvement proposal was suggested which would require a tolerance band shift to bring current optimised process in as normal spec.  Figure 14- Potential Tolerance Change

Figure 15- Potential Tolerance Change

With all actions place there was immediate reduction in the scrap produced due to faulty bonding core, below is a graph that shows from the date the actions were implemented and over a 15 week window there were no faulty bonding cores, and the team had saved £6447.63. Figure 15 - Faulty bonding graph


Figure 16 - Faulty bonding graph

Control

To maintain the good work, which the team have managed to achieve, a good form of control needs to be implemented . Utilising the systems which have be put in place as part of the improve and measure sections of the DMAIC process keeping control via an overall dashboard that was displayed on the line and also subjected to daily management review was put in place. The confidence in this to provide good reliable data is due to the fact the measuring equipment was easy and simple to use, also the operators were trained to input the data digitally which provided instant data. 


Figure 17 - Data Dashboard
Information displayed in this format also allowed the engineering team to notice any trends which could lead to potential issue, or if there were any issue the data was on hand for quick analysis to point them in the right direction. 


Conclusion

Conclusion I do not think is the correct word to use for this investigation but a lesson learnt approach would be more suited. 
Vital to any sort of investigation is the accuracy of the data, which is provided, but if the methods of capturing that data isn’t robust enough or is open to the users interpretation who is taking the measurements. It could lead you down an investigation root, which is incorrect, or even mask the root cause to concern. Therefore, It was vital that one of the first thing which the team did was to investigate the data capture method and improve making it a repeatable / reliable method, 
Very similar to this was how the data was being recorded and how frequently, due to the sheets being set up just to record a data reading once a shift, after a coil change or after any major stoppage. No data trends could be established and the relevance of the data was unknown to operators.  This was changed to capture Data every hour and to be recorded in an SPC format not only was easier for the operators it also displayed instantly if the part was in or out of spec. 
This project was also conducted without any significant investment, but focusing on the resources we had around us and most importantly utilising the operators who work within the cells every day. 
We named this project “Power Of The People “due to the cost saving which was achieved and how we completed it to the timing plan Figure 18 - completed timing plan

Figure 18 - completed timing plan






We were chosen to represent Europe in a global conference in Japan, where this was presented in front of management in head office Figure 17 - Japan image

Figure 19 - Japan image
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