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[image: Renishaw - YouTube]Renishaw is a multinational engineering technology company that develops highly accurate metrology and healthcare equipment. The touch-trigger probe, Renishaw's first product, was created when David McMurtry and John Deer founded the company in 1973. Since 1973, Renishaw Products has had significant growth, offering a variety of goods including coordinate measuring machines, metal 3D printers, and encoders for example. [bookmark: _Toc165219335][bookmark: _Toc165227978]Figure 1 – Renishaw Logo

With 77 sites in 36 countries, the company has a significant worldwide footprint. Renishaw's headquarters are in Gloucestershire, which is also the location of most of our R&D and production operations. In addition, there are production facilities in the USA, India, France, Germany, and Ireland (Renishaw plc, 2020)

[image: AGILITY L 122010 CMM]The goal of this Six Sigma project is to lower the amount of assembly downtime in the manufacturing of coordinate measuring machines (CMMs). The CMM Production line in Renishaw is experiencing a big deal of machine downtime resulting in low efficiency and the potential of not making deadlines. The aims or benefits of this project will be to improve efficiency in CMM assembly and where possible find the root causes of any problems that may lead into downtime. This project will help the Agility Division produce more machines each month and will help the whole production line run smoother. [bookmark: _Toc165219336][bookmark: _Toc165227979]Figure 2 – Coordinate Measuring Machine 


When it comes to inspecting manufactured components in a production setting where temperature control and a clean environment are not assured, Agility CMMs offer a reliable and highly accurate solution. With five axes measurements, each machine offers exceptional performance. The most precise machine has sub-micron precision, and even the biggest one is defined at less than 2 µm. CMMs come in 16 distinct varieties and sizes, all of which are made from scratch. 
Pictured on the right is a fully built up CMM L Model. 
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Downtime in a manufacturing process can be detrimental for many different reasons:

· Lower Efficiency Output: Downtime has a direct connection with an interruption in production activities, which reduces the number of machines produced in each month. Poorer productivity and unmet production goals are the effects of this.

· Bad Reputation: Frequent periods of downtime might harm the company's credibility as a dependable and effective business if deadlines are not met. Buyers can become less confident in the business's capacity to deliver goods on schedule.


· Increased Costs:  Downtime may result in scrap and inefficiencies, which raises operating expenses. In order to make up for missed production time, the company must pay for possible overtime on the weekend. Also, the company will waste money on idle labour costs when machines are down. 

· Quality Issues: Operators may rush to complete the machine build in order to make up for downtime, which might result in more major faults and rework or decrease the quality of the final product.


· Loss of Revenue: Reduction in output because to downtime has an immediate effect on generating money. Missed sales opportunities might result from delays in processing orders from customers. Some customers may cancel their existing orders if their deadlines are not met. 
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The CMM division has undertaken an analysis of machine downtime over the past six months, and the primary downtime offences that have been observed include;

Material Shortages 
Lack of materials causes production lines to stop or the flow of production to slow down since the operator is doing the operation in a different sequence or carrying on without that specific part for now, which results in downtime and lower productivity. Material/part shortages can be internal or external parts. 


Software Issues 
Software issues can appear anywhere in the assembly stage from Commissioning, LabVIEW, Verification and Mapping. Productivity can be negatively impacted by software problems since they make it difficult for operators to complete their jobs. The entire output of the manufacturing line may decrease as a direct result of this productivity loss affecting productivity and efficiency.


Operators not available to work on machine.
The CMM division has very few component technicians to assemble the machines because it is new to production after being unproductive for a few years. Holidays or illness might put the department in a precarious position where machines might not be manufactured.
  

Operator error 
Operator errors can be seen as a numerous of things such as not following Work Instructions (WI), inadequate training or not following standard preventive maintenance. This results in equipment damage or malfunction. 





Granite base landed on wrong day.
Landing the granite base onto set build feet is the first step in CMM production where each base must require 24 hours for the base to stabilize temperature. The next step is gluing and attaching the 4 bolts into the granite legs to the granite bed in the assembly process. There is a 33-hour drying period that needs to be completed when the legs are glued. Following this procedure, Y beams are attached to the legs, requiring a further 33 hours to cure. Consequently, the machine's total assembly time varies depending on the day you glue the legs. 
[image: A large grey rectangular object with holes
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Description automatically generated] [bookmark: _Toc165219337][bookmark: _Toc165227980]Figure 3 – Granite Leg 
[bookmark: _Toc165219338][bookmark: _Toc165227981]Figure 4 – Granite Gluing Process











[image: Image preview][bookmark: _Toc165219339][bookmark: _Toc165227982]Figure 5 – Y beam Plate Gluing 

[image: Image preview][bookmark: _Toc165219340][bookmark: _Toc165227983]Figure 6 – Y beam 
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	Project Name
	Reduction in CMM assembly downtime 

	Project Charter Author
	Jamie Leung 

	Start - End Date
	November 23 – April 24 

	Project Supervisor
	Joe Hardwick (Engineer) 

	Project Description
	
The Renishaw Agility manufacturing line is suffering from a significant amount of machine downtime, which is causing low productivity and efficiency and raising the possibility of missing some deadlines. The intention of this project is to gather data on the frequency and length of current downtime events for each CMM that is being constructed. Find the root causes of any downtime that occurs and implement control measures.


	Project Scope
	

The project's main goal is to decrease CMM assembly downtime. The project will pay particular attention to locating and resolving instances of downtime. With an emphasis on data-driven analysis and focused improvement initiatives, the project will cover the stages of the DMAIC.


	Business 
	
Increased build bay usage in the manufacturing process.


	Goal/Metrics
	
· Increased Productivity 
· Increased Efficiency 
· Production of more machines (Monthly)


	Risks
	
· The project's scope may go beyond its initial parameters, resulting in resource overruns and delays in schedule.
· Resistance to change. 
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[bookmark: _Toc165228006]Measurement Variation Identification

It is crucial to take into account the variables that might lead to measurement variation before starting the data gathering procedure. Measurement variation may influence the reliability and accuracy of data gathered. Operators are one factor that affects variation. It's possible that each operator builds the machine to a different degree of expertise or experience. Furthermore, training might be an additional variable since different persons may have trained different operators, and they may approach duties in different ways.

The next variable is Temperature. For the CMMs to pass Mapping and Verification which is a testing sequence, the room temperature must be stable with no spikes of increase/decrease in temperature. This is the reason why any doors or ovens in the main production hall can not be turned on/opened if testing is in process.

Organisations can enhance equipment dependability and reduce downtime in the CMM assembly process by locating and resolving these sources of variance.


[bookmark: _Toc165228007]Determine Data Type 

Prior to capturing any results or establishing a plan for data gathering, the type of data must be determined. Quantitative discrete data will be the primary type that is captured. Based on counts, this kind of data may be categorised using a classification system. 
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	The objective is to collect data on downtime events and their causes to identify patterns and trends and inform improvement efforts.


	DATA BASICS

	Data type?

Quantitative discrete data will be used for the downtime causes.

	What is the source for data collection? 

Observations 

	What type of data will be collected?

Machine downtime duration & causes
Time taken to build machine. 
Machine start and end dates 

	How much data will be needed?

Sample size of the next 6 months’ worth of machines

	COLLECTING DATA

	What is your plan for starting data collection? 


Observing each build bay and logging down any downtime. (Each machine will have a separate doc) 

	When will you collect data?

Nov 2023 – Apr 2024

	How are you going to measure the data?

Analyse the data by using Pareto graphs and line graphs to determine the main causes of machine downtime.

	Who is going to collect the data?

Jamie Leung 

	RECORDING DATA

	How will the data be recorded?

Manual data entry

	Where will the data be stored?

Microsoft Excel  

	How will you ensure consistency and stability?

Downtime will be logged onto the excel as soon as it occurs. Also, the operators have been told to raise PICAs if they are on stop. 




[bookmark: _Toc165228009]Measurement System Analysis 

Measurement System Analysis (MSA) is an essential tool for guaranteeing the precision, consistency, and dependability of data gathered to evaluate the process's present status. The project team can guarantee the accuracy of the data gathered for estimating downtime in CMM assembly processes by carrying out an in-depth Measurement System Analysis during the Measure phase. This will establish a strong basis for further analysis and improvement efforts during the Analyse and Improve phases of the project.
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Currently in the Agility line set up there are 7 Build Bays where the CMMs are assembled. For the last 6 months, analysis and collection of downtime data has been logged for each machine being built. All data that is being recorded is stored in a Microsoft Excel sheet and will be manually entering the data. For example, seen below is a screenshot of one of the machines data logs where key information like date started, downtime causes/ duration and total days taken to complete the machine.
2

[image: A screenshot of a spreadsheet][image: A screenshot of a computer

Description automatically generated][bookmark: _Toc165219341][bookmark: _Toc165227984]Figure 7 – Average time in Build Bay
[bookmark: _Toc165219342][bookmark: _Toc165227985]Figure 8 – Excel 

[bookmark: _Toc165228011]Analyse 
[bookmark: _Toc165228012]Pareto Graph 
[bookmark: _Toc165228013][image: A table with numbers and a number of machines
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[bookmark: _Toc165219343][bookmark: _Toc165227986]Figure 9 - Pareto Results
[bookmark: _Toc165219344][bookmark: _Toc165227987]Figure 10 – Pareto Graph



To assist in prioritising concerns, a pareto graph has been created, which highlights the most significant contributors. Data is presented visually in Pareto charts, which allow quick interpretation and understanding (Lamarre, 2019). A cumulative percentage line and bar graphs showing frequency, or occurrences enable stakeholders to swiftly see trends and patterns. The above chart illustrates that the four primary reasons for downtime are material shortages, granite curing, software problems, and open doors, all of which are shown to be below the 80% line. 

[bookmark: _Toc165219345][bookmark: _Toc165227988]Figure 11 – Days Spent in Bay
[bookmark: _Toc165219346][bookmark: _Toc165227989]Figure 12 – Actual Build Time

[bookmark: _Toc165219347][bookmark: _Toc165227990]Figure 13 - % Build Bay 
















Figure 11 shown above indicates time taken to build a machine WITH downtime included. The average time the machine spent in the build bay is around 40 days.

Figure 12 displays each machine's real build time in days WITHOUT any recorded downtime. Since the data collecting began, the trend line appears to have somewhat decreased, with an average real build time of around 25 days. 
It is evident from comparing the two graphs below that downtime is significantly affecting the total build bay time. With any kind of downtime, each machine is taking on average 15 days longer to assemble. 

The build bay usage of each machine is displayed in Figure 13 above. This data includes a breakdown of the last 75 machines' real usage of the bays with the amount of downtime that occurred. While the percentages vary widely, agility build bay utilisation usually averages at 62%. 62% bay use is unacceptable in a production context with machine goals specified. 

[bookmark: _Toc165228014]Process Analysis Methods

To comprehend the data that was previously collected in the measure phase, a variety of process analysis techniques can be applied during the analyse phase.
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[image: A group of rectangular boxes with white text

Description automatically generated][bookmark: _Toc165219348][bookmark: _Toc165227991]Figure 14 – 5 Whys 
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[image: A diagram of a process

Description automatically generated][bookmark: _Toc165219349][bookmark: _Toc165227992]Figure 15 – Fishbone Diagram
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As seen above, several outcomes are visible from both the process approaches and the graphical analysis. The Pareto graph, for instance, reveals the precise downtime reasons that are most frequent and need to be investigated. Since the data is visible, the pareto graph is a straightforward yet effective method of displaying the data.
Additional analytical techniques include the use of the Ishikawa fish bone diagram and the Five Whys. These analytical techniques assisted in determining the underlying reasons of the various downtime incidents and will support the introduction of a solution proposal to address CMM downtime. 

[bookmark: _Toc165228018]Identify Sources of Variation

The many causes of variation within the process have been identified with the aid of the analytical techniques mentioned above. Variation sources may be divided into two categories: the operator and the environment.  After conducting a study, it was determined that the materials were the most likely cause of variation related to the downtime. The materials can then be divided into groups based on the various causes of the downtime.



Failure Mode Effect Analysis (FMEA) is a helpful technique for locating possible failure modes in a process, evaluating their likelihood, severity, and ability to be detected, and prioritising steps to take to eliminate their effects (Tools, 2022). Applying an FMEA to this kind of project is challenging because the CMM process is too large to track every possible failure. As a result, a very basic FMEA, which is displayed below, has been performed for downtime. 

[image: A close-up of a green and white box

Description automatically generated][bookmark: _Toc165219350][bookmark: _Toc165227993]Figure 16 - FMEA
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[bookmark: _Toc165228020]Improvement Alternatives

The most common cause for downtime is material shortages. However, striving to avoid shortage of materials is a challenging scenario since there are things beyond your control. Hiring a specialised material controller to manage all the supplies is the best approach to avoid material shortages. Material controllers may make sure there are no shortages of materials by using tools like safety stocks. Safety stock is extra inventory kept on hand in addition to what is normally needed to guard against lead time changes. Products may differ because of things like production problems, supplier interruptions, or delays in transit. By guaranteeing that there is adequate inventory on hand to meet demand during longer-than-expected lead times, safety stocks assist protect against these risks (Jenkins, 2022). Additionally, the company may set up a trigger to automatically restock stock or notify the appropriate parties when stock reaches a predetermined level. Planning is another important factor when it comes to material shortages. Planning enables businesses to proactively manage inventories and foresee any shortages.

Idea A
An option is to change the glue used with a shorter curing period. Currently Agility uses Permabond 2-part Structural Adhesive ET5429 which is vibration resistance which is vital within the assembly. The ET5428 Permabond glue, which is similar to the adhesive now in use, is the only one that appeared appropriate. However, based on the data sheets below, it appears that the handling time and useable life are far too short for the application of gluing the legs and beams. It may be more difficult for the operator to set the adhesive since each leg or beam needs to be adjusted to a precise tolerance, which might take anywhere from 10 minutes to 1 hour.
[image: A table with text and images
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Description automatically generated with medium confidence][bookmark: _Toc165219351][bookmark: _Toc165227994]Figure 17 – ET429 Data Sheet
[bookmark: _Toc165219352][bookmark: _Toc165227995]Figure 18 – ET428 Data Sheet


Idea B 
[image: A screenshot of a computer

Description automatically generated]Assessing the ideal day to land the granite base down is the first step towards improving build bay utilisation. Where the granite base was landed on Monday, Tuesday, Wednesday, Thursday, and Friday, an analysis of this has been conducted to see how this affects the whole build time.[bookmark: _Toc165219353][bookmark: _Toc165227996]Figure 19 – Excel Sheet for Granite base days 


[bookmark: _Toc165219354][bookmark: _Toc165227997]Figure 20 – Graph of Granite days 



Based on the figures above, it is recommended to land the granite on Monday or Tuesday to give the base time to stabilise. The machine may be built in 19 days overall if it lands on Monday or Tuesday (with no downtime), 20 days total if it lands on Wednesday, and 23 days total if it lands on Thursday or Friday. This shows the impact of placing the granite base at the right day as it has an overall effect on the build time.




So, the percentage difference is approximately;
· 5.26% difference from 19 days to 20 days
· 21.05% difference from 19 days to 23 days 

Therefore, landing the granite base on Monday or Tuesday will enable the build bay to be 100% efficient.
Wednesday = 94.74% efficient.
Thursday/Friday = 78.95% efficient.
This is the results WITHOUT any downtime. Although it isn't always possible to land granite on Monday or Tuesday, this illustrates which day works best to maximise build bay efficiency. This method is also known as line balancing.





[bookmark: _Toc165219355][bookmark: _Toc165227998]Figure 21 – Graph showing Build Bay Usage 
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Idea C was the improvement implemented. The above graph shows data captured for the existing 75 machines and the next 75 machines captured WITH the granite base landed on Monday or Tuesday. The data collected since the change was put into place indicates that the adjustments made appear to have been successful. Even though several variables and the amount of downtime that occurs may be taken into account, landing the base on a Monday or Tuesday has increased build bay use overall by an average 8%. 

[bookmark: _Toc165228022]Control

The improvement must be monitored now that it has been put into practice. One way to monitor is to create thorough control plans that specify the actions, accountability, and schedules for keeping an eye on and sustaining the changes. Another one is to organise training workshops for refreshers to reinforce knowledge and abilities to decrease the amount of potential downtime for human errors. 

To stop more downtime from occurring, continuous monitoring is a good idea. For each machine, keeping an eye on important performance indicators including the downtime frequency, duration, and reason of any downtime. This will make it possible to analyse performance data and spot trends, patterns, and areas that might need development.

To permanently apply any changes, the next step is to raise a Process Change Authorisation (PCA). A PCA needs to be approved by appropriate people, such section leaders, and trainers. 

[bookmark: _Toc165228023]Conclusion 


In conclusion, this Six Sigma project has successfully identified and discussed some significant sources of downtime in the CMM assembly procedure, optimizing efficiency and reliability. The reasons downtime in a production setting is detrimental to company and how it impacts output have been explained in this study. Various analysis methodologies, including the five whys, Ishikawa, and FMEA, were employed to identify the underlying reasons of downtime.
The project may have been better in terms of putting an actual improved concept into practice, but there isn't a straightforward fix or solution because of the nature of the downtime reasons, such as material shortages. The Agility Division will be able to make better use of the build bays with the aid of the Granite Day exercise, which involves line balancing. Based on the data collected, the build bay use increased by 8%. Consequently, the project's main goal was to increase build bay utilisation, which has been accomplished, demonstrating the project's success.
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