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[bookmark: _Toc131355373]Introduction

This report aims to evaluate a piece of equipment used for production purposes at Laser Wire Solutions and provide a brief background to what the equipment does as well as reviewing the maintenance strategy of the equipment and suggest some improvements. 
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Within the Engineering department at Laser Wire Solutions, there is a comprehensive additive manufacturing production facility in the form of four high end 3d printers; Ultimaker s5 pro’s.  
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Figure 1 A printer and material feeder bay.
The printers feature a build volume of 330 x 240 x 300, swappable print cores and filament run out sensors. The Ultimaker s5 is capable of a layer height of just 0.25mm and resolution of 2.5 - 6 micron. 
The pro versions consist of an automatic material handling station with six spool bays and a humidity management system. Humidity management is critical for some of the materials used and to the quality of the printed component. 
The 3d printers are used for rapid prototyping and concept validation on any first article projects, as well as, components for their in-house contract wire machines and a small volume of components that feature on production machines.
The printers are mostly used by the three separate roles within the company: the mechanical design engineers, application engineers, and a manufacturing engineer.  However, it is the mechanical engineers that are the main users and are also responsible for meeting the demands and requirements of the production department. 
It is, therefore, assumed within the company that the maintenance responsibility falls to the mechanical design engineers.  However, this has never been defined and, therefore, the maintenance of the machines often gets neglected and could be described as run to failure/breakdown maintenance, at best.  There could be a case to implement a total productive maintenance system.
The printers can run with faults and are often running in a state of reduced quality. 
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Figure 2 The feeder bay showing the faulty ports blocked with tape.

The feeding mechanisms of the material bays require regular scheduled cleaning and maintenance.  Without this, there are regular issues with feeding the material to the print head. As this scheduled maintenance doesn’t get completed, they are often left in “broke down” state, as can be seen in figure ….., Red and white tape blocking the material ports can cause feeding issues. The printers will stay in this state until it completely stops 3d print production. 
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Figure 3 The maintenance screen used to turn off material flow sensor.

The machine’s feature a flow sensor that monitor material flow, which is critical to the quality of the print. As the material bays become problematic, the flow sensor regularly stops the machine and puts it in to fault mode.  When this happens, and the machine down time increases.  Instead of putting the machine down to complete the maintenance, the flow sensor gets turned off and, therefore, reduces the down time. 
[bookmark: _Toc131355375]Production Data.  
The machines feature a datalogging facility and the data between 01/01/23 and 23/03/23 was retrieved and analysed for all 4 printers:
[bookmark: _Toc131355376]Printer 1 Production Data
	total parts
	93
	
	

	good parts
	71
	total bad parts
	21

	aborted
	8
	
	

	failed
	6
	
	

	deleted
	7
	
	

	total cycle time (s)
	2619486
	
	

	total cycle time (h)
	727.64
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	Quality (good parts/total parts)
	76%
	
	




Figure 4 Printer 1 usable data and pie chart

[bookmark: _Toc131355377]Printer 2 Production Data.
	total parts
	90
	
	

	good parts
	68
	total bad parts
	22

	aborted
	12
	
	

	failed
	1
	
	

	deleted
	9
	
	

	total cycle time (s)
	2429061
	
	

	total cycle time (h)
	674.74
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	Quality (good parts/total parts)
	76%
	
	





Figure 5 Printer 2 usable data and pie chart

[bookmark: _Toc131355378]Printer 3 Production Data. 
	total parts
	56
	
	

	good parts
	46
	total bad parts
	8

	aborted
	6
	
	

	failed
	0
	
	

	deleted
	2
	
	

	total cycle time (s)
	1378624
	
	

	total cycle time (h)
	382.95
	
	

	
	
	
	

	
	
	
	

	Quality (good parts/total parts)
	82%
	
	




Figure 6 Printer 3 usable data and pie chart
[bookmark: _Toc131355379]Printer 4 Production Data. 
	total parts
	62
	
	

	good parts
	39
	total bad parts
	23

	aborted
	7
	
	

	failed
	11
	
	

	deleted
	5
	
	

	total cycle time (s)
	1481149
	
	

	total cycle time (h)
	411.43
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	Quality(good parts/totalparts)
	63%
	
	




Figure 7 Printer 4 usable data and pie chart.
The data recorded lacks information to comfortably workout the overall equipment effectiveness, as the assets are not running identical products under identical conditions.  Also, as downtime isn’t recorded it is impossible to workout availability. 
As time is only logged on a successful print, an average run rate was worked out (Total parts/Total cycle time). It was also possible to work out the quality of the assets (Good parts/Total pieces).
	 
	Printer 1 
	Printer 2
	Printer 3
	Printer 4

	Total Parts
	93
	90
	56
	62

	Good parts
	71
	68
	46
	39

	Total cycle time
	2619486
	2429061
	1378624
	1481149

	Quality
	76%
	76%
	82%
	63%

	Run rate (average Sec's part per)
	28167
	26990
	24618
	23889.5



The data clearly shows that although the through-put varies, the run rate is similar per machine and, therefore, at 63% quality, printer 4 isn’t running as efficiently as the others. 
[bookmark: _Toc131355380]Improvements
The 3d printing production facilities would benefit from any form maintenance plan.  The basis of the following improvements are related to a reliability centred maintenance analysis and a planned maintenance schedule. 
Reliability Centred Maintenance (RCM) is a systematic approach used to optimize maintenance tasks and maximize equipment performance. It was first developed in the 1960s by the commercial aviation industry as a response to the high cost and safety concerns associated with equipment failure. Since then, RCM has been widely adopted in a variety of industries, including oil and gas, power generation, and manufacturing.
The RCM analysis process involves several basic questions:
1. What are the functions and associated performance operating context?
2. What ways does it fail to fulfil its functions?
3. What causes each functional failure?
4. What happens when each failure occurs?
5. In what way does each failure matter?
6. What can be done to predict or prevent each failure?
7. What should be done if a suitable proactive task cannot be found?

RCM has several benefits, including:
Increased equipment reliability by identifying the most critical failure modes and the most effective maintenance tasks. As well as reduced maintenance costs, Improved safety, and overall improved asset management. (j, 2001)
According to (j, 2001, p. 37) the first step in a comprehensive review of maintenance requirements is to establish a plant register. In large organisations with many assets, the assets can be spread over large areas or even different sites. They generally range in size, from small pumps to large office blocks.  In this situation, it is critical to start a plant register. A plant register is a list of all the plant/equipment which require maintenance of any sort. An asset register has been completed for the 3d print equipment and contains information such as an asset I.D, the department in which it belongs and cost/value.  However, an asset register such as this is generally kept by the accounting department and are prepared by people whose objectives are different and are, therefore, seldomly suitable for maintenance purposes. 
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Figure 8 Asset register
For this register to be any good, in terms of being used for any form of maintenance plan or maintenance record keeping making it more of a plant register and not an asset register, it should include the following improvements: 
1. A better asset numbering scheme which could include a serial or hierarchy structure and a cost centre number. 
2. A description of what the item does, manufacturers details such as a serial number.
3. Details of local suppliers or local service companies.
4. Technical details such as rated speed, power, size, and mass. 
5. Manuals and drawings such as spares lists, operating/technical manuals.

[bookmark: _Toc131355382]Functional and failure analysis
The next step in an RCM is to define the functions of each asset in its operating context, together with the associated desired standards of performance. What users expect the assets to be able to do, can be split into three categories:  Primary functions, secondary functions, and protective devices.
The Primary function is given by the name of the asset (i.e. a pump is to pump something) and are generally the reason why they exist at all.  Therefore, they should be of special interest to anyone wishing to develop any form of maintenance of that asset.
The secondary functions are less obvious but if they fail, theses failures still come with consequences. 
Protective devices are described as automatic protective devises and are primarily used to reduce the chance of a severe failures (j, 2001),  As well as defining the functions, it is also important to identify the failures or functional failures that can occur. This is achieved by identifying what circumstances amount to a failed state and asking what events can cause the assets to get into a failed state. A functional failure is not only defined as a total inability to function but can also include a partial failure, where the asset has still fulfilled a function but at an unacceptable level of performance. 
Below is the analysis performed on a 3d printer and material feed station bay to identify the functional failure, the failure mode, and failure effect: 

[image: ]

In an RCM analysis the failure consequences can be classified into 4 groups: 
1. Hidden failures: have no direct impact but expose the organisation to multiple failures with catastrophic or serious failures.
2. Safety and environmental: if the failure could kill or hurt someone it is classed as a safety issue.  It could lead to a breach of any corporate or legal requirement and can be classed as environmental. 
3. Operational consequence: if it effects production it is described as an operational failure. 
4. Non-operational: Evident failures fall into this category, and they affect neither production nor safety but involve the direct cost of repair. 
All the above failures identified can be classed as either non-operational failures or operational failures.  None of the failures identified can be classed as a safety risk.  When a partial failure has occurred and the printer has completed a print and the quality isn’t acceptable, the component gets put into waste and doesn’t get recycled. Therefore, if there is a lot of failures like this, it could lead to a large amount of waste and it could be argued that this may be classed as an environmental failure.  An action could be to investigate waste reduction or the possibility of recycling the failed components. 
According to (j, 2001) every time a failure mode occurs, the organisation which uses it can be affected in some way.  Actions that must be taken to deal with failures can be divided into two groups and correspond to the last two questions of an RCM analysis: preventative tasks and default tasks.
The following can be described as pro-active tasks or solutions to reduce the functional failures and should be carried out on a routine basis. 
To combat layer shifts, scheduled inspection of timing belts and print bed clamps can be performed and replaced, if necessary. To be able to do this, some training would be required, and work instructions completed. 
To combat issues related to the print head blockage, the machines feature a print head cleaning program, and the manufacturers supply a cleaning filament with the machine to be used. 
The details of the process can be found at the following website:
https://support.makerbot.com/s/article/1667411136256
This is a maintenance task that has never been carried out within the company.  A work instruction on a company template has been completed and shared with the engineering department for them to follow when the failure rate for print head related issue start to increase. 
As the material feeder maintenance is detailed and very time consuming, this is the main reason its maintenance gets neglected. A spare material feeder could be purchased to form a “stand-by” and used to switch over, to maintain the uptime of the printers and allowing the maintenance to be done on the faulty feeder whilst offline. However, this incurs a big financial cost and greater consideration would need to be given to this. 
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Conclusion

The report uses only a small amount of RCM theory and with more time it could be fully utilised to be able to better understand and predict potential failures and also be able to use it to provide some on-condition tasks, however just by creating functional/failure analysis a remarkable amount  was learned about how the equipment actually works and what goes into producing production quality 3d prints. The report would also benefit by deeper research into the cost implications of the proposed improvements. 
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printer data for plant and assett^.xlsx


Printer 1 Production Breakdown. 

total parts	good parts	aborted	failed	deleted	93	71	8	6	7	

Printer 2 Production breakdown.

total parts	good parts	aborted	failed	deleted	90	68	12	1	9	

Printer 3 production breakdown.

total parts	good parts	aborted	failed	deleted	56	46	6	0	2	

Printer 4 production breakdown.

total parts	good parts	aborted	failed	deleted	62	39	7	11	5	
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The machine s   feature   a data logging  facility   and th e   data   b etween 01/ 01/23 and 23/03/23 w ere  retrieved   and   analysed   for all 4 printers .  
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ASSET REGISTER  

Item Name   ( I.D)  Description    Keeper  Bought/Donated  Cost/Value  Year Acquired  Year Disposed  

Ultimaker S5 (lws1)  3d printer   Engineering  Bought  $3000  2021   

Ultimaker S5 (lws 2 )  3d printer  Engineering  Bought  $3000  2021   

Ultimaker S5 (lws 3 )  3d printer  Engineering  Bought  $3000  2021   

Ultimaker S5 (lws 4 )  3d printer  Engineering  Bought  $3000  2021   

Ultimaker material  bay (lws1.1)  Material bay station  Engineering  Bought  $ 2 000  2021   

Ultimaker material  bay (lws 2 .1)  Material bay station  Engineering  Bought  $ 2 000  2021   

Ultimaker material  bay (lws 3 .1)  Material bay station  Engineering  Bought    $ 2 000  2021   

Ultimaker material  bay (lws 4 .1)  Material bay station  Engineering  Bought  $ 2 000  2021   

                         Total Asset Value :  $  20000    
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Item: 3d printer and material bay RCM number:1

Model: Ultimaker s5 PRO

under extrusion

1.Material not flowing 

through print core 2. 

Inconsistent flow

1. Print head not hot enough 

2. Material bay not feeding 

material 3.print core fully or 

partially blocked. 

1. Flow senor interrupts print and pauses process 2. printer 

carries on with out material flowing 3. printer completes print and 

the quality is unacceptable 

Good first layer of material. 

First layer of material not 

adhering to print bed

1. inadequate material flow 

2.no Adhesive applied to 

machine bed 3.Bed 

temperature to low. 

Component doesn’t stick to bed and fails to complete print. 

Layers not bonding

Layers fail to bond to each 

other to create structure

1.inconsstant temperature 

2.inconsistant flow

component fails to print or prints with gaps in layers and quality 

is un acceptable

printer head correct 

temperature

Material burned or bubbling1. Print head too warm

Print head cooling fan failed to keep print head at constant 

temperature, bad quality print. 

Layer shift Shift in position of layers 

1. Axis timing belt slipped or 

broke 2. Print bed moved. 

Quality of print effected. 

Material delivered from bay 

to feeder

Material failed to make it to 

material feeder

Material feeder inlet jammed 

material ground in initial 

feeder

Print fails to start and remains in fault mode until un jammed

Material stuck

Material failed to get to 

print head

Material stuck in feeder or 

Bowden tube. 

Print fails to start and remains in fault mode until un jammed

Air manager circulating air Air manager filter blocked

Filter not changed in line with 

schedule

Print process stops until filter changed or air manager turned off



Failure effect (what happens when it fails) Function

Prepared by: Ryan Williams

Functional Failure (loss 

of function)

Failure mode (cause of 

failure)

Core Team: Design 

Engineering


image1.jpeg
* Ultimaker





image2.jpeg




