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Summary  
The report examined the efficiency of an asset and what could be done to reduce the energy 

requirement for optimum operation. Further study looked at methods of evaluating 

maintenance requirements from an engineering perspective, the goal being to reduce the 

amount of waste being produced and increase operation efficiency.  

The first task of the report was to present the background of the company involved. Caerbont 

Automotive Instruments, a manufacturing company specializing in classic car gauges for 

vehicles such a Porsche 911 to Land Rover series 1.  

The asset chosen was a fiberoptic laser cutter which produces various flat components within 

the assembly process of a car instrument. This laser cutter can produce hundreds of 

components per day due to its high-speed cutting and precision. It works when optical fiber is 

pumped using high powered lasered diodes, which then stimulates the active medium to 

generate laser light by the optical fiber. The laser beam fed to the cutting head uses optical fiber 

which then cuts the material to create the component.  

The next task was to review the current laser maintenance method. The evaluation showed that 

in the maintenance procedure set, there were areas of reactive maintenance being 

implemented and also breakdowns due to the machine creating defective components.  

When gathering data of performance metrics of the laser cutter, it was seen that one area of the 

laser could be improved to increase the overall effectiveness of the asset. It was through a 

cause-and-effect analysis that the root cause was identified as being from deterioration of 

consumables which then caused high number of defects in production. 

Through research, total productive maintenance strategy was the ideal suggestion to improve 

the current performance of the laser cutter. The team identified areas that require workplace 

organizational methodology and suggested implementation of new storage equipment to assist. 

It was suggested that when the machine is returned to its original condition, a record is made of 

the equipment’s overall effectiveness, the intention being of setting a new standard of quality. A 

further idea was a schedule would be followed, to prevent the deterioration of the laser cutter 

created. This would assist in training the maintenance and operating team , help in identifying 

their roles and improve overall quality of products. 
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Major costs were estimated to implement the previous techniques and illustrated shown 

through cost-benefit analysis. Areas were highlighted which had the largest impact on cost from 

labor needed for workplace organization and the initial training of maintenance practices set 

within the schedule.  

In conclusion, the study demonstrated that with correct preventive maintenance methodology 

and a greater understanding of its impact, this improvement can improve the production 

process. The evaluation can be a profitable solution for improving the asset quality and life span 

while producing a lower failure rate in components for gauge manufacturing.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Page | 4 
 

Introduction  
The assignment focused on the evaluation of a current piece of equipment used in the 

workplace and assessed the maintenance required for that asset. It further explored how to 

study the effect of equipment, its process and how the consumption of energy could be 

reduced. The study examined what is required from engineering to ensure equipment can 

operate effectively and enable a reduction in waste. 

The company the report focused on is Caerbont Automotive instruments, a manufacturing 

company that specializes in car instrumentation including gauges such as speedometers, 

tachometer and time clocks. The organization mainly provides services in the classic car market 

for brands such as Austin Martin DB5, Porsche 911 and Landover series 1.  

A fiber laser cutter was introduced to create flat metal components used in instrumentation.  

This investment by the company was to save costs in setting press tooling to create flat 

components which have multiple operations while the fiber laser has only one and would be 

considered a less labor-intensive process. 

The goal considered is the study is the effects of neglection of certain maintenance 

requirements of the fiber laser and the lack of resources proving to affect the quality and 

potentially the longevity of the asset.  

Problem Statement 
From August 2023 to January 2024, there has been a recorded loss of over £1,315 in revenue 

due to waste reported from the laser cutter. This proved to be an increase compared to the six 

months previous and has causing delays in production and further loss in income for the 

company. It was further suggested to review the laser asset due to the breakdowns caused by 

the high defect rate.
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Problem Statement Data 
 

 

 

 

 

 

 

 

 

 

 

 

Graph 1 Ok Quantity Components Vs Defected Graph 2 Cost of Material & Cost of Labour 

Graph 3 Comparison in Defected & Breakdowns 
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Reviewing the Asset  
Fiber optic laser cutting machines have become the driving force behind sheet metal parts. This 

has forced manufacturing to move away from more traditional methods of cutting such as 

cutting press tools or CO2 laser. As described by Dawe, M (2021), the modern fiber laser cutter 

enables an exceedingly high cutting performance while having the ability to cut singular parts 

and small or large quantities without having to invest in expensive equipment. Unlike CO2 

lasers, the fiber laser consumes less energy and because of the short wavelength can be forced 

to a smaller diameter resulting in faster cutting speeds. 

The process involves optical fiber cables passing through utilizing high powered laser diodes. 

This stimulates the active medium to generate laser light by optical fiber. Dawe, M (2021) further 

mentions that when the powerful laser hit the material, the high intensity light is absorbed and 

converts to heat which then melts the material. 

The laser head z axis is controlled by numerical system. The motor drives the ball screws and 

the laser head is connected to the plate replicate as described by Bodor (2023). For movement 

around the bed, the X axis and Y axis are driven by ball screws of servo motors.  

 

 

 

 

Figure 1 CNC Fiber Laser Cutter by Bodor (2023) 
1: Outer Enclosure4 

2: CNC Bed  

3: Worktable Racking  

4: Beam Runner  

5: Laser Z Axis 

6: Ball Screw Drive 
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Review of Current Maintenance Strategy   
Maintenance history checklists set by the company show the current type of maintenance 

would be described as mostly preventative or reactive.  The preventive maintenance could be 

mostly based around daily routine tasks that take up a low amount of time and labour to 

complete. For the laser, this is shown to be around cleaning and checking laser condition.  

Unfortunately, there is also reactive maintenance involved within the company’s processes. 

Areas that require reactive maintenance are causing higher labour times due being 

underprepared and lacking resources to perform some operations. Such maintenance areas 

such as laser head were somewhat neglected or partially complete which could prove to be 

impactful on performance and efficiency.  

The method of reactive maintenance is described by Mobley, K.R (2014) and used for the laser 

cutter because of the short-term cost savings as repairs are only performed when required. The 

company is only replacing resources when they break or run out therefore only paying for what 

they use. This also means there is no stock of replacement parts or stock control on site for the 

laser cutter resulting in a possible higher level of risk in performance.   

Reviewing Performance in Manufacturing  
Historical data in the performance of the laser cutter was collected to get to the root cause of 

the problem. To assess the current condition, the key performance indicator suggested by 

Peterson, D (2021) was the overall equipment effectiveness which is a combination of the 

losses from metrics, availability, quality, and performance. The problem statement suggests 

that the laser lacks efficiency due to the reject rate, meaning using OEE will help gain insight to 

where improvements to the failure rate can save the company money long term. 

The data gathered also shows the amount of rejects being produced by the laser cutter and the 

overall percentage of failure.
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Figure 2 Maintenance Data Showing the Cost & Efficiency 
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 Laser Cutter Performance Data

Figure 3 Historical Data of Laser Cutter Performance & Efficiency 
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Risk Management & Root Cause  
The next step was to gather information regarding the current condition with the goal of 

understanding what the potential causes affecting performance are. Collecting data on current 

condition or abnormality is also known as fuguai and is suggested by Hasrulnizzam, W (2021) to 

be any disturbance in the process that is not normal. This further involved inspecting the laser 

equipment, noting any abnormalities, and then recording them onto a log worksheet where they 

were graded on their level of risk to performance. The company assessed the risks involved and 

possible future problems. After reviewing the performance of the laser and current 

maintenance in the workplace, they were able to recommend practices to minimize risk as 

reasonably as possible - discussed by Cambell, D.J (2010). 

Failure modes also should be identified after inspection of the machinery to detect problems 

associated with the process. This is regarded as one of the elements in reliability centered 

maintenance as described by Mobley, K (2015) in The maintenance engineering handbook. The 

key advantage of this technique is by systemically evaluating each failure mode, the team can 

quantify and devise precise correction actions.   

With the data collected both historical and current, the team could determine what is the cause 

of the problem by using a cause-and-effect analysis. This would help identify different 

underlying causes so that the appropriate action is taken to correct the issue. This can be 

grouped with a 5 whys method to find the real cause and not a symptom.  

 

 

 

Figure 4 Managing Risk by Cambell, D.J (2010) 
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Figure 5 Risk Analysis of Laser Asset & Potential Root Cause 

Risk Analysis 
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Figure 6 FMEA Laser Cutting Components out of Sheet Metal  

FMEA 



Page | 13 
 

                 

       

         

           

             

            

                            

                      

                      

                  

                  

                       

                                           

                      

                         

                     

                            

                 

           

              

                          

                   

                

                 

         

              

                          

                  

                             

                    

                        

     

                              

                         

                             

                     

                              

       

                             

    

               
                   

             

                            

     

                      

                              

                                        

                                           

                                      

                                                 

                                                      

                                         

 Root Cause & Summary of Data Calculated  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Equation 1 OEE Calculations and MTBF 

Figure 7 Cause  & Effect Analysis, 5 whys also Included  

Data Summary  
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How to improve Current Maintenance    
For the company to improve current maintenance strategies and performance of the laser 

cutter research was made and solutions sought through total productive maintenance 

techniques.  This is a method to reduce equipment losses while maximizing the effectiveness of 

the production system. TPM is a set of practices, methods and tools that enables organizations 

to maximize effectiveness of production systems as defined by Suzuki, T (2017).  

Initially, TPM would be explained and introduced to the company in relation to being 

implemented with laser cutter production. When conducting TPM the members involved must 

communicate clearly and frequently on methodologies introduced. For this study the focus was 

on only a few techniques used as one piece of equipment was being monitored. TPM is a long-

term solution with the goal of zero defects and breakdowns, which is why this was an ideal tool 

for the laser cutter.  

The next step is to return the laser cutter back to its original condition. Borris, S (2006) stated - 

basic condition as being a method of returning to original specification. Consumables such as 

purified water, oil lubrication and laser head nozzle needed to be either replenished or replaced 

to be able to achieve this condition. The method is also based around 5-S system and 

autonomous maintenance, which involve cleanliness, standardization and sustainability, As 

mentioned by Trout, J (2023). He also explained the need for continuous improvement to keep 

equipment in its original condition.  

Once the baseline state of the laser cutter is established, autonomous maintenance could be 

introduced to give a more detailed examination of the equipment. This involved the equipment 

operators performing a set of basic daily maintenance activities on their equipment. This can be 

implemented to support smooth and effective asset operations, which is done by detecting and 

correcting equipment problems early.   Also included can be marking areas that were identified 

in the root cause, such as parts that are prone to wearing.   

The last section will be the schedule, which is based on more preventative maintenance 

methodology. The procedure means that the necessary tasks will be completed fully and at the 

set date to prevent the deterioration of the asset. Such tasks including consumable 

replacement and lubrication are major steps to solving the performance issues identified. This 

schedule is based on methods suggested by Mobley, K (2004) who further suggested that 

discipline is the major problem in organization and that control procedure’s must be 

established for the success.



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                             
     

 
 
  
 
 
  

                                                                   

                  

         

                                                        

                                                                            

                                                                             

                                                                              

          

 
 
  
 
 
 
 
 
  
 
 
  
 
 
 
 
  
 
 
 
  

 
  
  
 
 

                                                                                      

              

                                                                      

                                                                              

         

                    

                 

                                                                 

      

                                                                              

     

                                                                                                                           

 
 
  
 
 
  
 
  
  
 
 
 
 

                                                                            

    

                                                                         

    

                                                                                     

         

                

                                                               

         

                                                                                     

                                          

          

 
 
  
 
  
 
 
 
  
  
 

                                                                                    

                                                                            

                                                                         

                                                              

           

                                                                             

           

          

 
 
  
 
 
 
  
  

                                                                

                                                           

                                                            

                                                                            

                                                                                 

          

                         

                                       

                                                                         

                                                                                         

                                                                           

                                                                                             

                                              

         

       

     

                                                

        

   

                                              

  
                        

Checklist & Examples Taken from Place of Work 

Figure 8 5s Checklist with Examples From Site 



 

 

 

 

 

 

 

 

Figure 9 5s illustrations with Examples of 5s Solutions 

5s Implementation Examples  
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Further Checks in Autonomous Maintenance Stage  

Figure 10 Autonomous Maintenance Checklist 
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Figure 11 Schedule for planned Preventative Maintenance 
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Preventative Maintenance Asset Guide Map  
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Cost Implementation  
One impact of the discussed maintenance improvement would be the company having to 

invest more resources in time and people to implement the change. Many of the costs involved 

could be not readily identified during the process development.  

Communication with stakeholders can be considered one of the costs involved as it may be 

necessary to promote the change and illustrate the benefits. Abbas, T(2022) suggests engaging 

with members of the maintenance team on the new plan would also be an essential step for 

successful change. 

New stationary equipment would be identified as a branding cost. This type of cost could 

involve the instruction of items such as the storage of consumable equipment for the laser. 

Budget restrictions would impact on purchasing such items like storage units and containers. 

Training on the new schedule, with associated resource, would be required with the associated 

maintenance engineers and operators. The suggested preventive maintenance techniques 

would be considered a culture change from current methods of reactive procedures. The map 

previous illustrated aids in this, as it will assist in explaining what the leader of the project is 

trying to achieve.  

The time needed to implement this change and the disruption that it would cause will be one of 

the greater factors of cost. Production would be impacted, and it would be essential that the 

project manager acknowledge this factor to create allowances, as mentioned by Jorden, A 

(2022) 

A cost- benefit analysis would show the actual cost of the change to the laser procedure, and 

attempt to achieve better quality components. This method, stated by (Campbell and Brown, 

2022) ,helps the team identify, measure and compare the benefits and cost of an investment.  
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Cost-Benefit Analysis  

Figure 12 Cost-Benefit Analysis of Suggested Improvement 
Method 
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Conclusion  
The report focuses on the study of a single piece of equipment in the production process and 

evaluates what can be done to improve the current maintenance approach with an alternative 

maintenance strategy that could prove beneficial for the company and improve overall process. 

Reviewing current maintenance practices showed that reactive maintenance is introduced 

when more defects occur in production. Some areas in maintenance are either only practice 

complete or prove to be reactive maintenance. This type of maintenance strategy was chosen to 

reduce the cost needed to be able to complete operations while maintaining the asset enough 

for it to prove effective.   

The data gathered showed that the overall quality of the laser cutter was impacting negatively 

on the performance of the laser cutter. The root cause analysis suggested that the wearing of 

certain laser components has impeded the production of lasered components. 

To improve the current maintenance strategies, it was researched to use methods based on 

total productive maintenance because this technique has the similar goal of having minimum 

defects in production processes. Scheduling a new preventative maintenance plan could assist 

the company in understanding the proposed changes and to get stakeholders on board by 

predicting future benefits. 

The value in the reports study was that it shows that preventive maintenance can potentially 

improve the quality of components when produced from the laser cutter. This could then result 

in less rework, faster production of car instruments and then increase customer satisfaction. 

Convincing the company to have a preventive mindset while using correct techniques to lower 

the risk of costly repairs could also save the company revenue in the long term. 
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Further work  
For further work, one area that could be investigated is the actual implementation of total 

productive maintenance and studying the results from the new overall effectiveness of 

performance after base condition is established. The task was to evaluate what could be done 

to improve maintenance procedures, however piloting the new schedule suggested and 

monitoring the results could prove beneficial in providing evidence in the improved preventive 

strategy.  

Another area which could be improved would based around the laser compressor. Principles of 

servicing the compressor were introduced into the new schedule, however the compressor 

could be suggested as another project entity considering the amount of attention is needed 

according to Bloch, H.P (2024) -who  mentioned that in order to achieve high reliability and 

availability of a compressor asset depends on operating philosophy, maintenance strategy 

employed and the extent of predictive and production instrumentation deployed to indicate the 

health of the compressor. 
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