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[bookmark: _Toc131166336]Introduction
Continental is multinational organisation in that specialises in the automotive industry. Since it was founded in Germany 1871 continental has continuously grow and now has plants all over the globe. When continental was founded it was to manufacture performance orientalised tires but has now branched out into other areas of the automotive industry such as brake systems, drivetrains, chassis components, automotive safety and vehicle electronics. 
Continental Tevez based in Ebbw Vale specialise in brake systems for a wide range of car manufacturers such as Maserati, JLR, Fiat, BMW and Volkswagen to name a few. The brake systems produced for these companies are OES, continental Ebbw Vale have over 3500 active part numbers that can be requested by the customer at any time, this wide range of part number offers a unique challenged to meet customer satisfaction. Producing the components requested by the customer requires ingenuity to use in house materials to keep costs low as it is not possible to have set tooling and fixtures for each part number as some of the larger plants in the continental group do.

[bookmark: _Toc131166337]Define
[bookmark: _Toc131166338]Problem Statement
An issue has been raised with a high production CNC machine at continental, the machine in question is having issues with reliability as numerous minor breakdown are occurring during production. The operator places a component on the machine and then uses two push buttons to activate the hydraulic clamps, figure 1 shows the fixture in the clamped state. The machine uses a number of proximity sensors to detect when the machine is in this clamped state, the machining cycle will not being until the output for all the proximity sensors are one. 
[bookmark: _Toc131166357][image: Diagram

Description automatically generated]Figure 1 – Fixture clamped

During the machining cycle a large volume of swarf is produced, a mixture of the swarf as well as dust from the castings is producing a fine layer of silt on the sensors used in the unloading cycle. The machine uses a vertical robot arm to unload the component and deposit it down a shoot at the end of the machining cycle. This robot also has a proximity sensor which detects if there is any obstructions preventing it from lowing. This is where the issue is occurring, swarf is landing on this sensor giving the machine a false signal that there is on obstruction, this is shown in figure 2. This [image: A close-up of a machine

Description automatically generated with low confidence]sends a signal to the PLC telling the machine to stop the cycle to prevent any damage.
[bookmark: _Toc131166358]Figure 2 - Sensor in alarm state
The swarf causing the false alarm can be seen on the left side of the sensor, this shows that a minor piece of debris can cause this fault. This can also affect the sensors that detect if the fixture is in the clamped state. If the cycle starts due to a false signal caused by swarf there will be catastrophic damage to the machine and tooling.

[bookmark: _Toc131166339]Problems and/or needs that justify the project
The excessive breakdowns of the machine are a clear indication that the current process is not reliable. These consistent breakdowns slow down the production on the product running on the machine, this issue is also occupying a portion of the team leaders time which could be better utilised elsewhere. These breakdowns have been occurring regularly for a long period of time and is now part of the team leaders daily routine as they carry out the repairs alongside other daily tasks, this highlights why this issue needs to be resolved, the breakdowns are being delt with but nobody has looked into why they are occurring. The problems mentioned above show that the issue needs to be addressed and rectifying the issue has a high potential for success. 

[bookmark: _Toc131166340]Goals/Targets
The basic goal of this project would be to increase the units being produced on the machine. In achieving this goal, the number of breakdowns would also be reduced, making the machine more reliable. This project would have additional benefits such as freeing up time for the team leaders to complete other tasks. According to Shackleton (1981), repetitive and monotonous tasks can be perceived as ‘boring’ to some individuals, so eliminating this one mundane task may improve moral in the workplace.  
[bookmark: _Toc131166341]Voice of customer


[bookmark: _Toc131166342]Scope
The scope of this project will be to identify an issue on the suitable for a green belt six sigma project. After a suitable project has been identified suitable data will be collected on the current process, this data will be suitably organised and then analysed to identify areas for improvement. The current process will then be amended, and new data will be gathered. A successful project would show a significant improvement in the reliability of the machine, this improvement in reliability should also directly correlate with an improvement in yield. A successful project would accomplish this without any major disruption to production.
Benefits
This project has the potential to benefit people internally within the company and externally. Internally the project will benefit maintenance staff, the machine operator, and the supervisor. It can also benefit the logistics department due to the increase in production, this increase will also benefit the customer receiving the components manufactured on the machine.
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[bookmark: _Toc131166344]Gantt chart
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[bookmark: _Toc131166345]Measure
Before data collection begin an SOP was created to insure consistent and reliable data would be collected. Middleton (2019) states that consistency of data is dependent on the measurement, meaning if the initial data is not measured reliably and with good technique then the results will not be valid. The data being collected for this project will require the cooperation of several team leaders and operators across two shifts. With many employees involved in the data collection there will be potential for human error in the data entry, Barchard (2011) highlights this issue with numerous individuals inputting data and how human error can negatively impact the results. To minimise the opportunity for an error to occur an SOP was created, this will instruct the team leaders and operators on how to record the data consistently. Before the data can be collected all participants will be called for a meeting and informant on how to follow this SOP, these measures should ensure the data is valid and true to the actual events taking place. A copy of the SOP can be seen in figure 3. A copy of the data record sheet can also be seen in figure 4.
It was decided that the data would be gathered over a four-week period. This length of time will allow for sufficient data collection to take place, any anomalies in the data will also be analysed closely. Events such as major breakdowns or preventative maintenance may affect the data collection so this will need to be considered. Due to high demand the machine is occasionally operated thought the operators break which may also affect the outcome of the yield.


















Copy of SOP 
	Title:
Downtime data collection
	Version Number:
1
	Effective Date:
09/01/2023
	Authorised by:
Jordan Williams





	Purpose
	The purpose of this SOP is to inform team leaders and operators on how to consistently gather data relating to the downtime on the specified machine. This data collection will then aid in the improvement in reliability of the process
 

	Scope
	The scope of this SOP is for all operators to be able to record downtime more accurately to give a true representation of the current downtime and reasons behind the machine stoppages.


	Responsibilities
	The machine operators will be responsible for recording the exact time that a stoppage occurs.
It will also be the responsibility of the machine operator to inform the team leader when a stoppage occurs.
Team leaders have the responsibility of recording the cause of the breakdown
Team leaders will also be responsible for recording the time the machine was handed back to the operator.
It will be the team leaders responsibility to collect the data sheets when they are full and to replace them. 


	Procedures 
	In the event of a machine breakdown, the operator will first write down the time on the data record sheet.
The operator will then inform the team leader that the machine has stopped.
The team leader will then go to the breakdown and identify the cause of the machine stoppage, if the stoppage is related to a false alarm triggered by debris on the sensor, then it will be recorded on the data collection sheet.
The team leader will then rectify the issue and then hand back the machine to the operator, the team leader will record the time the machine is handed back in the data collection sheet provided.
When the sheet is full it will be dated and handed to the supervisor and a new sheet will be issued.







	Approved by: C. Davies
	Date: 15/12/2022



[bookmark: _Toc131166359]Figure 3 - data collection SOP


Copy of Data Record Sheet
	Name:

	Team Leader:

	Date:

	Time of Stoppage
	Time Handed Back
	Team Leader Name
	Description

	
	
	
	



	
	
	
	



	
	
	
	



	
	
	
	



	



	
	
	



	
	
	
	




	
	
	
	




	
	
	
	




	
	
	
	




	
	
	
	




	
	
	
	




	
	
	
	





[bookmark: _Toc131166360]Figure 4 - data record sheet
[bookmark: _Toc104402278][bookmark: _Hlk131003228][bookmark: _Toc131166346][bookmark: _Hlk67511690]Initial Data
[bookmark: _Hlk69670521]Week 1
	[bookmark: _Hlk67511630]Date 
	Day
	Operator 
	Team Leader 
	Downtime (minutes)
	Number of stoppages

	[bookmark: _Hlk131008526]09/01/2023
	Monday
	J. Davies 
	 J.C./N.C.
	35
	4

	10/01/2023
	Tuesday
	J. Davies
	J.C./N.C.
	14
	2

	11/01/2023
	Wednesday
	J. Davies
	J.C./N.C.
	23
	6

	12/01/2023
	Thursday
	A. Richardson
	R.J./J.M.
	28
	4

	13/01/2023
	Friday
	A. Richardson
	R.J./J.M.
	33
	5

	
	
	
	Total
	133
	21



Week 2
	Date 
	Day
	Operator 
	Team Leader 
	Downtime (minutes)
	number of stoppages

	16/01/2023
	Monday
	R. Hedges 
	 R.J./J.M.
	46
	6

	17/01/2023
	Tuesday
	R. Hedges
	R.J./J.M.
	12
	3

	18/01/2023
	Wednesday
	R. Hedges
	R.J./J.M.
	0
	0

	19/01/2023
	Thursday
	A. Punton
	J.C./N.C.
	38
	7

	20/01/2023
	Friday
	A. Punton
	J.C./N.C.
	27
	4

	
	
	
	Total
	123
	20



Week 3
	Date 
	Day
	Operator 
	Team Leader 
	Downtime (minutes)
	Number of stoppages

	23/01/2023
	Monday
	M. Johnson
	J.C./N.C.
	54
	3

	24/01/2023
	Tuesday
	M. Johnson
	J.C./N.C.
	33
	5

	25/01/2023
	Wednesday
	M. Johnson
	J.C./N.C.
	22
	5

	26/01/2023
	Thursday
	M. Smith
	R.J./J.M.
	49
	7

	27/01/2023
	Friday
	M. Smith
	R.J./J.M.
	8
	2

	
	
	
	Total
	166
	22



Week 4
	Date 
	Day
	Operator 
	Team Leader 
	Downtime (minutes)
	number of stoppages

	30/01/2023
	Monday
	M. Smith
	R.J./J.M.
	24
	3

	31/01/2023
	Tuesday
	M. Smith
	R.J./J.M.
	46
	5

	01/02/2023
	Wednesday
	M. Smith
	R.J./J.M.
	75
	7

	02/02/2023
	Thursday
	M. Johnson
	J.C./N.C.
	17
	3

	03/02/2023
	Friday
	M. Johnson
	J.C./N.C.
	22
	3

	
	
	
	Total
	184
	21



Number of stoppages over 4 weeks: 84
Total minutes of downtime: 606

[bookmark: _Toc131166347]Analyse
[bookmark: _Toc131166348]Root Cause Analysis
[image: ]
[bookmark: _Toc131166361]Figure 5 - root cause analysis
Conducting this root cause analysis, shown in figure 5, has highlighted key factors in why breakdowns are occurring. From analysing this they key areas that will need to be addressed are employees, environment and equipment. Strengthen these areas will help to reduce breakdowns as well as decrease the length of downtime on the machines. Improving areas such as process and management will also help reduce the machine stoppages, however the areas mentioned above will take priority.
[bookmark: _Toc131166349]Graphical analysis

[bookmark: _Toc131166362]Figure 6 – downtime

[bookmark: _Toc131166363]Figure 7 - stoppages
The initial data gathered was put into the graphs shown in figures 6 and 7. Representing the data gathered in this form allows it to be easily understood, it will also be important when coming the data gathered after the improvements made on the process. Both graphs show that the current process is erratic, there is no obvious patterns in the data, this shows a great opportunity to refine the current process.




[bookmark: _Toc131166364]Figure 8 - data comparison
Figure 8 shows both types of data gathered on the same graph. Plotting the number of stoppages and the minutes of downtime on the same graph shown a general relationship between them. Generally, the minutes of downtime and number of stoppages increase and decrease together, they do not directly relate as there are many variables that control the amount of time the machine is down for. Such as the availability of team leader to rectify the issue. There are a total of four team leader than work on this machine, all with varying skills experience which will also give inconsistencies in the time it takes to hand back the machine.

[bookmark: _Toc131166350]Data Collection
Data needed to meet a certain criteria to be eligible for the research, this made the data being gathered more reliable and more focused of the issue being targeted. The chosen criteria were that machine breakdown related to sensors would be recorded separately to other breakdowns, this was to highlight the machine stoppages being targeted. Other criteria selected was that all data would be recorded on day shift, the reason for this was to gather data when production was at the highest. Less staff work on the afternoon and night shifts, this might have given inaccurate data.
 A new standard operating procedure (SOP) for machine breakdown was also produced. The new procedure was that operators needed to record the exact time of the machine stoppage on the document provided, only after the time had been recorded can the operator inform a team leader about the stoppage. When the team leader hands the machine back to the operator the team leader recorded the time and the reason for the stoppage. The document containing the results would be collected at the end of the shift and the data would be transferred to excel.
Before the data was analysed it was check for any anomalies. All data was put into excel and displayed in a graph format. The downtime caused by issues being highlighting was compared against all other downtime.

[bookmark: _Toc131166351]Improve
From further investigation it was decided that poor coolant flow was partially responsible for the sensors actuating. It was decided that new coolant lines would be fitted to the machine to apply a direct flow to the sensors, all this would use in house materials. Before implementing the project, a meeting was held with the engineering department, this was to ensure changes to the machine would not affect the function of the machine. A meeting was also held with the production manager to eruption to ensure that there would be no major disruption to production. The initial data gathered showing the current stoppages was shown in the meeting along with the solution proposed. The project was then approved by the production team.  The project was them implemented in the allocated time and new data was collected.
[bookmark: _Toc104402280]

[bookmark: _Toc131166352]Results
The data being collected post change to the coolant system would follow the same SOP that was produced for the initial data, this is to ensure unbiased results. The same operators and team leader were also used
Week 1
	Date 
	Day
	Operator 
	Team Leader 
	Downtime (minutes)
	Number of stoppages

	13/02/2023
	Monday
	J. Davies 
	 J.C./N.C.
	0
	0

	14/02/2023
	Tuesday
	J. Davies
	J.C./N.C.
	0
	0

	15/02/2023
	Wednesday
	J. Davies
	J.C./N.C.
	13
	2

	16/02/2023
	Thursday
	A. Richardson
	R.J./J.M.
	0
	0

	17/02/2023
	Friday
	A. Richardson
	R.J./J.M.
	8
	1

	
	
	
	Total
	21
	3



Week 2
	Date 
	Day
	Operator 
	Team Leader 
	Downtime (minutes)
	number of stoppages

	20/02/2023
	Monday
	R. Hedges 
	 R.J./J.M.
	5
	1

	21/02/2023
	Tuesday
	R. Hedges
	R.J./J.M.
	14
	1

	22/02/2023
	Wednesday
	R. Hedges
	R.J./J.M.
	0
	0

	23/02/2023
	Thursday
	A. Punton
	J.C./N.C.
	8
	2

	24/02/2023
	Friday
	A. Punton
	J.C./N.C.
	0
	0

	
	
	
	Total
	27
	4



Week 3
	Date 
	Day
	Operator 
	Team Leader 
	Downtime (minutes)
	Number of stoppages

	27/02/2023
	Monday
	M. Johnson
	J.C./N.C.
	0
	0

	28/02/2023
	Tuesday
	M. Johnson
	J.C./N.C.
	0
	0

	01/03/2023
	Wednesday
	M. Johnson
	J.C./N.C.
	8
	1

	02/03/2023
	Thursday
	M. Smith
	R.J./J.M.
	8
	1

	03/03/2023
	Friday
	M. Smith
	R.J./J.M.
	0
	0

	
	
	
	Total
	16
	2



Week 4
	Date 
	Day
	Operator 
	Team Leader 
	Downtime (minutes)
	number of stoppages

	06/03/2023
	Monday
	M. Smith
	R.J./J.M.
	27
	3

	07/03/2023
	Tuesday
	M. Smith
	R.J./J.M.
	0
	0

	08/03/2023
	Wednesday
	M. Smith
	R.J./J.M.
	10
	1

	09/03/2023
	Thursday
	M. Johnson
	J.C./N.C.
	6
	1

	10/03/2023
	Friday
	M. Johnson
	J.C./N.C.
	6
	1

	
	
	
	Total
	49
	6



[bookmark: _Toc131166353]Graphical analysis

[bookmark: _Toc131166365]Figure 9 - post implementation downtime

[bookmark: _Toc131166366]Figure 10 - machine stoppages

[bookmark: _Toc131166354]Data comparison
The new data gathered was then compared to the old data so show a visual representation of the improvement

[bookmark: _Toc131166367]Figure 11 - data comparison downtime


[bookmark: _Toc131166368]Figure 12 - data comparison stoppages
This data shows a significant decrease in the number of stoppages and the amount of downtime on the machine. A simple fix in changing the flow of the coolant has significantly improved the reliability of the machine.

[bookmark: _Toc131166355]Conclusion
The purpose of this for this project was formulate and plan a project that will provide a solution to an identified engineering problem with regards to downtime. I then had to conduct and plan project activities to generate outcomes which provided a solution to the identified engineering problem. As a result of this I identified a reoccurring issue with a high-volume machine, the issue was that the machine was breaking down numerous times in the shift for faults alarms. This was an excellent opportunity to improve the maintainability by reducing the number of breakdowns, maximizing efficiency and reliability of the machine. 
This project was successful in achieving the goals set at the start of the project has downtime has been decreased. This has also feed up time for team leaders to carry out more important tasks such quality checks.
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