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1 Introduction

Manufacturing is a complex environment in which various processes, technologies, and human
influences come together. In such a dynamic and fluid workplace, understanding and controlling
risks are an integral factor when ensuring safety, reliability, and improving the efficiency of a
process. Engineers play a significant role in this process, and this report outlines the importance of
understanding some risk management techniques available. The primary focus of this report is to

complete an FMEA for a band saw and consider the effectiveness of an FMEA in this scenario.

1.1 Aims

This report will discuss the relevancy of risk management within a manufacturing capacity, with a
specific focus on Failure Modes & Effects Analysis (FMEA) as a critical tool and will look at Process

Failure Modes & Effects Analysis (PFMEA) of a cutting process using a Kasto band saw.

1.2 Objectives

The primary objectives include assessing the usefulness of an FMEA in the workplace, in mitigating

potential failures and understanding the legal considerations governing sound engineering practices

set out by the HSE and IMechE respectively.



2 Literature Review

Failure Modes Effects and Analysis emerged from the US military in the 1940's and was used as a

tool to analyze the root cause of failure through a structured and systematic approach. When

utilized correctly, FMEA not only helps understand potential failure routes of a product. It also

allows engineers to estimate the severity or impact of any failures along with offering a means to

calculate the effectiveness of prevention strategies implemented because of carrying out an FMEA.

(University of Cambridge, n.d.)

FMEA can be applied at both the design stage (DFMEA) or during the process stage (PFMEA). FMEA

is a mitigation tool that is employed during the analyze phase of the wider set of management

techniques known collectively as Six Sigma DMAIC cycle. (JM, 2015). It assists us practice

competently and maintain up-to-date knowledge and skills.

The application of DFMEA (design) initiates by assembling a multi disciplined team consisting of

individuals with expertise across a variety of roles, promoting sustainability and acting with integrity

and respect. This team can have expertise in fields including (but not limited to) design,

manufacturing, quality and marketing. This multi disciplined team will systematically exercise

leadership in examining the design component by component, identifying any potential failure

modes that may impact safety, profitability, customer satisfaction and reputation. Each identified

failure mode is rated based on severity, occurrence, and detectability. These factors are used to



calculate the risk priority number (RPN). The RPN is used to highlight and prioritize the most critical

failure modes for further analysis and mitigation. FMEA carried out at the design stage can be

extremely useful at preventing failure of an item during normal operating parameters. Once failure

modes are identified, the team can develop a plan to address them. These changes can include

alternative material selection, part or whole new design changes and additional testing to ensure

conformity in line with existing HSE guidelines.

PFMEA (Process) is focused on the manufacturing process itself, identifying and preventing

potential failure modes that could detrimentally impact safety, quality and reputation. PFMA

follows a similar approach to DMFEA. A multidisciplined team will examine the manufacturing

process in detail. The PFMEA can be carried out at any stage from the raw material receipt to the

final product inspection. Any potential failure modes identified will be scored by multiplying the

severity by occurrence and the detectability of failures with total given the RPN score calculated.

The RPN is used to highlight and prioritize the most critical failure modes for further analysis and

mitigation. Remedial steps are put in place to lower the RPN. These may include equipment and

technology upgrades, process modifications, changes to testing and quality inspections or

additional/more advanced training for technicians.



A properly conducted FMEA helps engineers understand the consequences of potential failures.

FMEA enables proactive risk mitigation and contributes to increasing the reliability of a given

manufacturing process. Within the manufacturing industry, reducing risks is essential due to the

intricacies of moving parts within the manufacturing process such as human factors, machinery and

external influences. The Institute of Mechanical Engineers (IMechE) emphasizes the responsibility of

engineers to prioritize safety, quality and ethical considerations in line with upholding the four main

principles of their code of conduct. This ensures members of the public and IMechE members are

protected along with the reputation of the organization and the engineering sector.

Adherence to legal frameworks is fundamental in good engineering practice. Compliance with H&S

legislation in line with the Health and Safety at Work act 1974 (HASWA) ensures that

manufacturing operations prioritize the well-being of employees and adhere to industry safety

standards. Engineers need to integrate legal considerations into their risk management strategies

to avoid legal repercussions and uphold professional integrity. When completing my PFMA for

sectioning using a Kasto band saw, | first consulted the HSE website to ensure the equipment met

the guidelines set by the HASWA 1974 (HSE, 2021) and Provision and Use of Work Equipment

Regulations 1998 (PUWER) (HSE, 2023) as seen in figure 1 below (ToolSense, n.d.). Some simple but

essential safety features required include an emergency stop button and guards.
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PUWER Key Requirements

e

Be safe and s Be used only by Have suitable Be used in
suitable for its Be mfamtalgiq g thqse(\;vhg have health and safety accordance with
intended use S&1S CONMItIon recewt?ai:megquate measures specific guidelines

Figure 1. PUWER 1998 key requirements (ToolSense, n.d.)

3 FMEA

The PFMEA shown below (see figure 2.) focused on the sectioning process within R-Tech Materials,

analysing potential failure modes whilst operating the Kasto band saw. The team consulted the HSE

website and PUWER regulations, identifying four potential failure modes attributed to the cutting

process. The team assessed their severity, occurrence and detectability and scored each out of 10

accordingly. The Risk Priority Number (RPN) was calculated for each failure mode observed.
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2 tem: Kasto Band saw Responsibility: Workshop Manager FMEA number: WS001
3 |Model: 600 / 360 Prepared by: Craig Bartle Page 1
4 |Core Team: R-Tech (STEEL) FMEA Date (Orig): _31/01/2024 Rev: 0
5
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delivery times. purched for saw.

Figure 2. PFMEA of a Kasto band saw.

The potential failure modes were identified and numbered as follows:

1) Sample incorrectly gripped.

2) Material being ejected during cutting operation.

3) Band saw blade catastrophically failing (snapping).

4) Coolant spillage.

The failure modes were given initial scores based on severity, occurrence and detectability which

were multiplied giving an initial RPN (in the column indicated in orange). The justifications for these

rankings were decided by considering historical data and expert opinions within the team. A failure
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mode with a high severity ranking may result in a safety hazard, whilst a high occurrence ranking

signifies a frequently occurring issue. The RPN numbers first calculated (orange) were surprisingly

high and it was immediately obvious remedial actions were required.

Remedial steps were proposed and applied based on the FMEA results. These actions included

putting systematic checks in place, improving preventive maintenance schedules, and enhancing

training for operators, as well as spill kits at the work location. Each proposed action aimed to

reduce the severity, occurrence or detectability of potential failures.

The RPN was recalculated in line with the newly implemented control measures (indicated by the

green column). All four processes observed a dramatic decrease in RPN score. This reduction in

RPN not only improved the safety of the process, but also helped to improve the finished product

by ensuring the samples were not damaged whilst carrying out the sectioning. Graphical

representation of the reduction in RPN can be seen in figure 3. below.



Change in RPN after FMEA completion.
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Figure 3. Graphical evidence of reduction of RPN score after remedial steps implemented.

4 Discussion

Although the overall RPN number reduced, the severity of the failure remained constant

throughout the FMEA.

Despite the changes, some risks remained due to inherent limitations and dangers of using

machinery. It's essential to document these residual risks, acknowledge their existence, and

continuously monitor and update risk management strategies accordingly.

The advantages of FMEA within the workplace are clear. However, it must be noted that there are

also some disadvantages to the process. FMEAs usually show a biasness towards high severity

ratings regardless of the associated chances of occurrence and detection. An example would be, the



severity of an exploding gas pipe could be ranked at severity 10, even though both the chance of

this happening and the likelihood of detection are rated at the lowest score of 1. As a result of the

high severity rating, no improvement in RPN is possible as severity ratings are inherently difficult to

reduce (ChatSmith, 2024). FMEA only provides a theoretical assessment and relies heavily on the

experience of the team completing the FMEA. It does not eliminate the problems it uncovers and

there is still a requirement to solve any problems and put any controls in place. These controls can

be both costly and time consuming.

5 Conclusions

The end user of any given product expects said product to be safe and fully operational. FMEA can

help meet these demands by improving both the design and processes, in turn, delivering superior

quality products and services. FMEA can be used proactively and adapted to many industries or

applications, from petrochemical to retail and medical to education. FMEA can improve product

design to deliver safer, improved quality and increased reliability, along with reducing the costs for

design, development and production. It can provide information to highlight products meet the

highest quality and safety standards like Six Sigma and ISO 9001. Whilst continuing to adhere to

health and safety laws and good practices set out under HSE and IMechE. These benefits mean

FMEA has become an integral tool in industry that is here to stay.
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7 Appendices

Persunal Development Plan

Mame — Philip Craig Bartle

Degree — DABNTS Material Science

Previous Qualifications — GCSE
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progress ta
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engineer (IMechE).
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Doctorate. degree and supplied by degree and

masters in UWTSD masters in

material science Material Science.
Becoming a Become a Access to courses | Gain promotion 2032
director. manager before to consultancy

becoming a Manager.

director within
R-Tech.

Xiii



1808882 Craig Bartle Technical poster screenshot.

Pritymgeal Cymeu

ﬂ\' Erreuice Dipw Sare
Ukirraraaty of Wales

Trmmy Sl 0 i

Understanding Failure Modes Effects Analysis

CRAIG BARTLE 1808882

School of Engineering
BEng {Hons) Material Science

What iz Process Failure
Modes Effects Analysis
(PFMEA)?

Fallure Modes Effects and Anakgsk emerged
roen Ehe LIS miliany in the 1930 s and) was weed
as & tool bo analyee the roat cause of falkure
throughsa structures and systematic approach.
whan utibzed comecthy, FMEA not only helps

understand potential falkure routes of a product.

talso allows engineers to estimate the severity
or impact of any fallures along with offering a
means to calouate the effectieness of
preventbon strateges mplemented after
carmying out an FRIEA. [University of Cambridge,
il

What iz Process Failure
Modes Effects Analysis
(PFMEA)?

Falure Modes Effects and Anaksk emerged
drcen ehie LIS militany inothie 1930 s and was wsed
as a tool bo analyze the roat couse of faikure and
improve quality through a structured and
systematic approach. ‘When utllized camrectly,
*IIEA not only helps understand potenitial
failure rotes of 3 product. it also allows
engineers ko estimate the severity or impact of
any failures along with offering ameans to
calculate the effectivenass of prevention
strabegies implemented after camyng cut an
FIIEA. [University of Cambridge, n.d.]

How we carried a PFMA of
Kasto Saw to improve
sectioning.

» Tearm ssemibed.

= HEE, PUWER and BechE codes
oansulied

= Falure modes identifisd.
= |nitial =eores allocated and RPN

F'lﬂ serry &f
N Mhasbiancomn,
— | nd.j

Towr aboor Mgy shonr the Koo row pelcs e i
Mwdfage o vhe FRALLY belag careind aur TR ddw
Eok

WEENE &r A-Tach
{F-Toch Slasmials, 10041

Tha FFMEA febla 1) balera flhesans fear falies modas
dasrcund Mo s Sevial AipA AR saear s waed
wremarine.ly radioed Civel Bl e S a Ty et
the FRMEA an the Mone cow o Ssplesmguring tha
L

Chgage in MEW afer IMES

Table 2 highlights the positiee effect
camying out an PFMEA on the Kasto
53w has had on the sectioning process
wthin R-Tech. The RPN score has
dropoed significantly. This reduction in
RPM has made R-Tech a safer place
and improwed the quality of our senace
fio our customers.

Teb{a I balow A{pALET e chan g fu BFTY valiar

BARLE 2 Lxly 1w HPS diry
Exibare Origirunl Rrdwocd Ll ]
ihinl i [T ihereene (i)
T E:]
H = El L
] [ T
. $

Summary of Key Findings

A team cartied out a PFMEM of the
Kasio saw wilh the aim of imgneying
sadety and quality. Four main faikune
modes wene identified and A BEN soore
was caloculated. Staps weare put in place
1o bawer the RPN soore with the gllipgale
el of improving salety and quality of
service. The RPN values were
recalculated with the new steps and
shirweed a lange reduction in RPN af 7%
plus!

The FMEA has proved a highly
suecessfiul wal in risk mitigasan. |

See yaur line marager if you would like
to carry out an FIMEA in yaur
dEparimeEnt.

S~

N

{Hanen Saifing Saices lec, 20T

References

dwtaa Saling Sokricns inc, 3017, Savea dm¥ey alzicar oom.

A dnbds Nr HJ

ke iated, madeband i-hand
. R OT b2 Hid]
'I:I:l'lh'ds-pl.l'.l'll.lbn!. koo, . Mihoesom, [l
dvaabia NT BRJCNT pdT C PPt o E
= e soares allocabed with condrols Ty
MSTAres. an " Rl nch Rimsorieds, 38, S-Tach Msans e iy woriabog. il
L . . PEFIEA ot rciifn A-Tinck Ui iy of Canbcga , n gL S0 ileageener Technciooy: [ Crine|
= Tratining given and sysiens oonfinualy ::-un weasmr A tdaik NE LS 0 BV ST BC WA BT NTS SOl .
e ored. (Ao &3 b3 Hid]

B AT E F & LS

school of Engineering

Xiv



