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1. [bookmark: _Toc158050495]Introduction
The definition of an FMEA (failure modes and effectiveness) is the process of finding faults and failures in design, the manufacturing process, product and/ or service. (techtarget.com) and the purpose of an FMEA is to help continuous improvement within the company to ensure that customers are satisfied with the work and/or service and to ensure the company works to the best to its abilities. 
The art of thread cutting on a manual lathe is a procedure which requires skill, patience and is a fundamental part of turning. It is used to manufacture precision threads both an external (male) and an internal (female) thread i.e. nuts and bolts. 
The accuracy and precision of threaded components are paramount for the reliability and functionality of various mechanical components and procedures. However, there are plenty of issues that can occur. 
1.1 [bookmark: _Toc158050496]Aims 
The aim of this report is to identify any problems which could possibly occur when thread cutting components on a lathe and help improve the procedures within place at the company (Sirus Fluid Power) and ensure the customers receive quality products. 
1.2 [bookmark: _Toc158050497]Objectives 
The objective this FMEA is to help improve the procedure and reduce any further problems within the procedure of thread cutting. Hydraulics and pneumatics have the potential to be extremely dangerous, and the components need to be machined and tested to ensure that they are safe and to continue customer satisfaction. 




2 [bookmark: _Toc158050498]Literature review

The literature used to conduct this report was wide and varied,
 
· www.cms.gov. 
· Xometry 
· Essential Hydraulics:  Fluid Power-Basic- M Winston 2nd Edition 
· Zeus Book 
· Richard Jacob Pulman Sirus Logbooks 
· Sirus 


3 [bookmark: _Toc158050499]Methodology
Manual turning operations are conducted on a lathe, the same results can also be accomplished on vertical borers, and CNC milling machines, along with CNC lathes.
On both a conventional (and CNC) lathe, there are only 2 axis, X and Z (however some CNC lathes do have attachments which allow CNC lathes to have more than 2 axis such as 3, 4, 5 and all the way to 7).
For the nature of hydraulic pistons, the tolerances are very tight and crucial. Sirus purchases the material already chromed, then the machinists machine the components to the specified tolerances. 
 Due to the nature of the company, refurbishment and maintenance, the new piston rods are reconned from previous jobs, whether that be damaged components, or the warranty has expired. 
The procedure is as follows. 
•	Measure the component. 
•	Manufacture a drawing for the component. 
•	Order the material for the component and/or a cylinder pack. 
•	Machine  the component to specific tolerances .
•	Assemble the component. 
•	Test the component.


[bookmark: _Toc158050500]3.2 Tools of the trade 
The measurements are conducted by using a wide variation of measuring tools; Dial test indicator (DTI), turning tool, undercutting tool, thread cutting tool, micrometres, internal micrometres, surface gauges, vernier callipers, internal callipers, thread gauges, rules and tape. 
[bookmark: _Toc158050501]3.2.1 Dial test indicator 
The dial test indicator, or DTI or colloquially known as a “clock” is used to ensure that the components is running true within the chuck of a lathe. 
[bookmark: _Toc158050502]3.2.2Turning tool 
Theres a wide variation of cutting tools but they are generally used for turning component diameters to size as well as turning components down to length. 
[bookmark: _Toc158050503]3.2.3 Undercutting tool 
Undercutting tools are usually used to either part off components or to machine grooves into a cylinder, for the purpose of this company, we usually use then for machining the undercut for thread cutting as when thread cutting there must be an undercut that’s at least the depth of the thread pitch. For example, if the machinist is machining an M30 external thread, the material is machined to 29.90mm (+-0.05mm) and the pitch of the thread is 2mm, then the undercut need to be a minimum of  27.90mm

[bookmark: _Toc158050504]3.2.4 Micrometres: 
Micrometres are used for tight external measurements, from 0.01mm to 0.20mm or 0.00039” to 0.0078”
[bookmark: _Toc158050505]3.2.5 Internal Micrometres.
Internal micrometres are used measuring internal bores from 0.01mm to 0.20mm or 0.00039” to 0.0078”
[bookmark: _Toc158050506]3.2.6 Vernier Callipers 
These are used for general machining tolerances, +-0.25mm and are also used to measure critical lengths of the components especially when it comes to shafts within the rod with multiples dimensions, or “steps”.
[bookmark: _Toc158050507]3.2.7 Thread Gauges
Thread gauges  are used to measure the depth and pitch of the thread which can vary from 0.25mm all the way to 5mm pitch (for the purpose of this company) But the imperial versions are also used depending on the previous component. The standard pitches used, in metric, are either 1.5mm pitch or 2mm pitch, and the imperial version is 12 TPI (threads per inch) or 16 TPI
[bookmark: _Toc158050508]3.2.8 Internal callipers 
Internal callipers are also used for internal dimensions such as bores and use the same tolerances as the vernier callipers, +-0.25mm
[bookmark: _Toc158050509]3.2.9 Rules and tapes. 
Rules and tapes are used for the rough turning procedure and to measure the whole length of the component, and these can vary from 250mm to 3 meters or 9.84” to 118.11” and due to the nature of the component the tolerances are far larger plus or minus 2mm. (Pulman, 2023)
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[bookmark: _Toc158050510]3.3 The Procedure
The material is bought in already “chromed” and because of this the feeler gauges are not needed, but it is paramount to protect the bar from “scorning” and to this there’s some simple tools we can use. 
· The cardboard the material comes in. 
· The netting that is used as a secondary protection underneath the cardboard. 
· Then the component is measured, the lengths, the diameters and the thread(s) and a quick sketch is drawn up. Once this is drawn up, the turning procedures can begin.
· Set the speeds and feeds (this is already dictated by the company for the component) 
· Place protection on the component, by utilising tools such as soft jaws (should be noted that when ever using soft jaws an extra layer of protection is needed, usually it is emory cloth or 3 pieces of cardboard (for a 3-jaw chuck, then 4 for a 4-jaw chuck) or use copper shim but ensure they’re all the same thickness. 
· Ensure the tooling is at centre height for each turning operation.
· Clock the component into the chuck to within 0.05-0.10mm and turn the component down to the desired lengths and diameters and the machinist must ensure the component is machined, to within the tolerances of the previous component.
· Once the step, or steps that need threads have been machined and undercut in the step and creating a leading edge, should also be noted that every step needs a leading edge to allow the seals to “flow” over each step.
· In the case of a 2mm pitch thread, we must work in imperial because the machines are old and are still in imperial. To get the right depth, we need to take off 0.100” or 2.5mm in 0.010” increments or 0.25mm. Once the thread takes shape, check with the thread gauges, or ideally the piston head from the previous component.
· Clean the components up with emory cloth and check with your nail and surface gauges to ensure that the component’s finish is up to standard.
· Check the dimensions of the component and check for any damage or blemishes.
· Submit for assembly.  (Pulman, 2023)











[bookmark: _Toc158050511]4. Discussion

[bookmark: _Toc158050512]4.1 Potential Failure Modes 
As the previous chapter indicates, there are a lot of procedures in the manufacturing of thread cutting and many problems can arise. Some of the potential failures are; 
•	Measuring tools not calibrated 
•	Inaccurate or out of date drawings
•	Using the wrong tooling for the wrong job 
•	Damage to the previous components effecting the dimensions. 
•	Machinists’ skills 
•	Lack of training 
As the potential failure mode listed shows; there’s are a lot of potential problems when conducting thread cutting on a lathe. One can be the best turner in the world but if the wrong tooling is used or the tools are not calibrated then mistakes can and will occur, as Murphy’s first law states: “Anything that can go wrong, will go wrong”.  An FMEA was conducted and is featured at the bottom of the page to highlight some of the issues, and what recommendations to help improvement the components as well as satisfied customers. 
[bookmark: _Toc158050513]4.2 FMEA Table 

	Process Step 
	Potential Failure Mode 
	Sev 
	Potential Causes 
	Occ
	Current Process Controls 
	Det
	RPN 
	Action Recommended 

	Thread Cutting 
	Thread could be loose and fail testing 

	8
	No original drawings 
	3 
	Measure previous components 
	4 
	96 
	Produce accurate and up to date drawings 

	Connect to Hydraulic Piston Head 
	Hydraulic piston fails testing 
	8 
	Components machined incorrectly due to lack of experience 
	2 
	Vigorous training programmes in place 
	4 
	64 
	Up to date training 



Template to gain inspiration from (Target, n.d.)

4 [bookmark: _Toc158050514]Conclusion 
In conclusion, the FMEA shows that the potential for unsatisfied customers and/or the machine failing is quite high, and that remedial work is needed. Hydraulics are very powerful and potentially dangerous, so it is the of the utmost importance that components are machined correctly and within tolerances and spec. 
By conducting the FMEA and continually monitoring all the process; design, tooling, manufacturing, testing and dispatch; It improves the quality and the reliability of both the female and male threads of the component which then ensures both a quality component and a satisfaction of the customer. Updates to the FMEA should also be conducted, especially if new issues should arise, as well as reviews should also be conducted to ensure that the machinist is working to spec and/or to the FMEA’s recommendations. Paraphrased from (Smith, n.d.)
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