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Introduction

An assignment brief has been issued to review a single piece of equipment that is used on the production line within the industry which I work for. Evaluate it to see if there are ways of improving the current method to which planned maintenance is carried out, the effects if maintenance isn’t carried out, the effects which could happen on the business if this maintenance isn’t carried out correctly and during the time scale which has been advised. The methods of detection to ensure premature failure doesn’t accrue. 
The evaluation will also consider if there is any equipment which could be implemented to prolong the effects which would require major maintenance intervention, which could lead to considerable machine down time and cost implications to the company. For this a full cost comparison will need to be done to see if implementing a change is beneficial to the company or if there is a greater cost associated to it. 


Business Background

Marelli is currently the 9th largest independent automotive supplier, the factory shown in (Figure 1 - Marelli birds eye view) below is of the South Wales facility which is part of the thermo solution division. This site was previously known as Calsonic Kansie but as part of a merger in 2019 with a company called Magnetic Marelli it became Marelli. 
The product base has stayed the same specialising in automotive heat transfer product in the form of engine cooling systems known as radiators and air conditioner components known as condensers. These are supplied to a range of customers which include Jaguar & Land Rover, VAG, Nissan and Stelantis 

Figure 1 - Marelli birds eye view

Core build Evaluation.  

One of the main pieces of equipment within Marelli Llanelli is a core build (Figure 2 - core build.) this as the name suggests builds the radiator core before the brazing process happens.   Shown in (Figure 3 - Radiator Core)



      

The core build as a machine is made up of three sections. 
An airway machine.
A tube mill. 
An assembly station 
These three sections all work together to produce the core, with the airway and the tube machine both feeding into the assembly station to form the core, if one of the feeder machines stops, the whole process will stop. 
As the core build process is made up of three, this assignment will be focusing on one of these which will be the airway machine, As just like in the production environment the machine is split regarding its planned maintenance. This is to ensure that the stop in production doesn’t affect the supply of the product. 
The purpose of the planned maintenance or which is sometimes referred to as scheduled maintenance, is any maintenance which is planned, documented, and scheduled to be conducted. The aim of the activity is to reduce unplanned downtime by ensuring all the necessary resources are on hand and that manufacturing have enough stock in place to realise the machine. 
Airway Machine 

The airway machine produces the airway which goes into the radiator core, this starts the process as 0.2mm gauge coil of aluminium which Is feed through two sets of rolls and some packing fingers before being cut at the correct length. This sounds a very simple process but when you break the process down and look at what the roll does to the product, the engineering can be seen. 
The two sets of rolls which are on the machine are both unique the first is a cutting roll and the second is the forming roll. 
The forming rolls is what gives the airway it shapes and form, as when the material passes thought the rolls it bends the aluminium in the correct areas to allow the airway to fold forming the shape and form (Figure 4 - Airway form). This height is critical to the build as the height formed will govern the whole width of the product when the core is built as there could be up to 90+ airways in the larger radiator cores built. 


Figure 4 - Airway form


Cutting Rolls 

The cutting rolls is one of the key parts of the process, as this puts small incisions into the aluminium material at a angle to allow air to pass through these are called louvers. these turbulent the air against the tube to create the most efficient cooling possible. This must meet customer specifications and must pass performance testing making this simple process a critical process. 






Cutting Roll Maintenance 

To ensure that the airway meets customer requirements every run the rolls must be maintained, and the condition of the airway being produced must be checked. 
The cutting rolls are made up of x number of cutting blade which themselves are made from steel, due to the material which the rolls are made from they will over time loose the cutting edge and become blunt and start to pick up material.
Pick up material is when the material starts sticking the edge of the blade making them less effective and causing the blades to edge quicker than normal. 
Currently in place there are several methods in to prevent material pick up on the rolls. 
There are daily tasks which the operator who Is running the machine must perform and record as evidence they have performed the tasks. These tasks are detailed in a machine care document which is associated to the machine.  For the airway the operator must check that the evaporating oil which is sprayed onto the rolls to act as a cutting compound, Machine guarding, the slitter rolls are not showing are signs of pick up, machine bed is clean, and the waste oil container is empty. ( Figure 5 - machine care Airway rolls)


Figure 5 - machine care Airway rolls
A direct effect if the cutting compound was not being sprayed onto the rolls correctly,  it would dry the rolls up causing friction between the blades and the aluminium being cut, which could lead to heat being generated and pick up happening on the blades which will increase the rate of wear.  an image has been attached showing what pick up can do to a set of rolls. 

Figure 6 - pick up on rolls
Another failure mode which could happen is wrap around, this is when the material picks up on the blades surface but instead of braking off the full strip of aluminium wraps around the rolls. This will require a full strip down of the rolls causing a large amount of down time to the machine.  There is a detection which will stop the machine if a rap around does happen, but it will never stop instantly preventing any material wrapping around. This is in the form of a sensor bar which run 0.3mm off the roll surface, so if a wrap around happened the material would increase to 0.4mm hitting the sensor and stopping the machine.  

Figure 7 - sensor bar.
The rolls have a planned maintenance schedule which takes places not on a given date but on the revolutions which the rolls have done, this will take effect when the rolls have done 6 million revolutions (typically the rolls do 1million a week). This is generated through an automated system known as EMP2 which is an electronic data base for the maintenance system which, stores all the planned maintenance activities for all the equipment within MLUK. 


Figure 8 - MP2 example.
The planned maintenance on the rolls requires the rolls to be removed from the machine and taken to the roll maintenance area within MLUK. The rolls are fully stripped down and each blade is stoned on a flat surface to maintain the cutting edge and cleaned. Each blade must be reassembled in the correct order to ensure the correct form is cut back in to the aluminium. This planned maintenance can take up to 8 hours to compete, so each machine has a spare set of rolls which is put on during this period.  
To ensure the rolls are producing the correct specification to meet customer requirements the airway is checked weekly on a Jodon Machine 




Figure 9 - Jodon machine.
This Jordon machine checks the amount of light which passes through the louver angles which have been cut into the aluminium, this process is called checking the bulk transmission. The bulk transmission will detect if there is increasing wear in the cutting disks on the rolls, if the cutting disks have been misaligned after a P.M has taken place which will result in a lower percentage reading. 

This check is done weekly, and the status of the report is displayed on the machine, as part of the operators first off check they must ensure that the report being displayed is within an age of one week and there is an OKAY to run stamped on it. (shown below in Figure 10 - example of Louver angle check)
Figure 10 - example of Louver angle check.

As shown in Figure 8 - MP2 example the rolls need to be sent away for a re-grind after 21 million revolutions, which is about 21 weeks of running. 
A regrind on a set of rolls will require the rolls to be sent to Japan and will take a minimum of 4 mouths, this means that due to every 7 million revolutions the rolls need a P.M a third of fourth set of spare rolls are needed for the machine. 
Currently the cost of a steel set of rolls is £35,000 with a regrind of cost of £20,000 due to the time length of a regrind there must always be a spare set of rolls at MLUK and one on the airway machine ensuring we have critical spares. Based on one machine having 4 sets of rolls this would give a total cost of airway rolls per machine £140,000 with a minimum of £20,000 every year for re-grinding. 
In 2021 MLUK spent £320,000 on regrinds to ensure that all the machines are performing correctly. 
“Critical Spares - Key parts and/or components of an asset that need to be in stock or readily available because of the potential production, service and/or financial implications of an equipment failure requiring these materials.”

Carbide Rolls

Currently the airway rolls which are used in MLUK are made from high-speed steel or HSS, these although do the purpose and provide good results the life of the cutting face does not tend to last resulting in a frequent cleaning schedule and regular re-grinds. 
To maintain a cutting edge for longer the rolls can be made from carbide steel, although over time these will lose the edge but due to the material make up the edge can last up to five years. 
Although as always carbide rolls do come with their risks, one of their main disadvantages is that it is brittle and more prone to chips and breaking, also when they go blunt, they cannot be easily sharpened or reground like the HSS rolls. 

However, a set of carbine rolls cost £70,000 but as you don’t need to send away for regrind you only need one spare set so the total cost would be £140,000 
If you base sending a set of HSS rolls away once a year for a regrind for five years it would cost £135,00, with a machine needing 4 sets of HSS rolls the cost would be over the five years £540,000, where two sets of Carbide rolls would cost £140,000. Resulting in a saving of £400,000

Steel Roll Cost	Re-grind 1 year	Re-grind 2 year	Re-grind 3 year	Re-grind 4 year	Re-grind 5 year	Total
35,000	20,000	20,000	20,000	20,000	20,000	135,000
35,000	20,000	20,000	20,000	20,000	20,000	135,000
35,000	20,000	20,000	20,000	20,000	20,000	135,000
35,000	20,000	20,000	20,000	20,000	20,000	135,000
Carbine Roll Cost						
70,000	0	0	0		0	70,000
70,000	0	0	0		0	70,000


The reason for having two sets of carbide rolls is that they will still be subjected to the same maintenance schedule as current HSS rolls. So when one set is off being cleaned the other can be on the machine, also it is always good practice to keep spares of keep equipment. 



Conclusion 

Planned maintenance is key to any process within a factory but also to ensure that the equipment is running correctly additional checks are implemented, these additional off process check can highlight a concern or an issue before the planned maintenance is scheduled or before a major unplanned stoppage occurs. In the event of an unplanned stoppage critical spares should always be readily available. When selecting critical spares one of the main items which needs to be considered is lead time, as due to recent event lead time on products has increased dramatically and something which previously you could get off the shelf these items could take days, weeks or even months before they are readily available. 
When looking at the process which has been reviewed and its critical spares, A number of spare sets of rolls are available to go onto a machine at any one time, this means that down caused by the airway machine is kept to a minimum. 
With the comparison of airway rolls HSS against Carbide rolls, there is definitely a large cost saving of introducing carbide rolls, although the smaller P.M will still take place the re-grind of the product will no longer need to happen. 
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