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1 Introduction

Inthe dynamiclandscape of the manufacturing sector, understandingand managing risks
arecrucial forensuring the safety, reliability, and success of engineering projects.
Engineers playa pivotal roleinidentifying, assessing, and mitigating the potential risks. It
isimperative thatengineersadhere to current codes of conduct as aduty of care. By
following these codes, they can ensure thattheir projects are notonly ethical, but also safe
forpublicuse.Toleave nostone unturned, athoroughriskassessmentprocessis
implemented, within thisinvestigationincludesthe use of Failure Mode and Effect Analysis

(FMEA).

1.1 Aims

The purpose ofthisreportistoidentify possible failures associated with the 10G Open Cap
inthe Biotage Sfar 10G Column using FMEA (Failure Mode Effects Analysis). Withaims to
examinethe preventative measuresthathave been established and putinto practiceto

preventthese failures.

1.2 Objectives

1. Explainthe needforriskmanagementwithintheengineeringsectorandthe
necessity for codes of conduct.

2. CarryoutaFailure Mode and Effect Analysis.

3. OrganiseanExcelspreadsheettodisplay resultsfrom FMEA.

4. Describetheneeded mitigating actionsand howtheywereimplemented.

5. Revisitthe4highestRPN resultsand further mitigate risks with actions.

6. Analyseallworkcarried outwithintheinvestigation.



2 Literature Review

2.1 Requirementfor Risk Managementin Manufacturing

The manufacturing sectoris characterized by multiple complex processes, machinery,and
materials, which makeitvulnerable to different types of risks. Therefore, itis crucial to
identify and mitigate these risks to ensure the smooth operation of production processes,
maintain product quality, adhere to safety standards, and comply with legal regulations. It
also preparesthebusiness on minimizing the effects thefailure hasandallows a

contingencyplantobe putinplace priortotheevent.

2.2 Useof FMEAin Mitigating Risks

Failure Modes & Effects Analysis (FMEA)is awidely accepted methodology for
systematically evaluating potential failure modes and their effects on a system, process, or
product. FMEA aidsinidentifying critical failure modes, prioritizing risks, and
implementing targeted corrective actions. By employing FMEA, engineers canenhance
the robustness of their designs, minimize the probability of failures, and improve overall
systemreliability. Typically, FMEAsrisk evaluationsis defined by using the RPN (Risk
Priority Number), whichformulates from multiplying the scores of Occurrence, Severity

and Detection.

RPN=0x5xD



2.3 IMechE Code of Conduct

TheIMechE Code of Conductemphasizes theresponsibility of engineersto prioritize
satisfyingall currentregulationsto ensure theirworkis ethical and safe. The Institution of
Mechanical Engineersfollows asetof standards outlined intheir royal charter and by-laws
document. By-law 30in thisdocumentestablishes the central ethical responsibilities for all

members of theinstitution. Below are afew points taken from the document;

¢ Theyshall quantify, balance and limitriskin all aspects of professional work,
includingwith thosewho areworking under their authority
e Theyshallavoid deceptive acts and refrainfrom corrupt practices.

e Theyshallcomplywithobligations for health and safety.

(Institution of Mechanical Engineers, 2021)

Thisdocumenthighlights the importance of adhering to high standards of work to meet
engineeringinstitutions' codes of conduct. Following these codes ensures accurate work
completionwith minimalrisk. Other laws and regulations, such as the Health and Safety at
WorkAct,imposelegal obligations on engineersto ensuretheyare meetingaminimum

requirementresulting in a safe working environment.

Underthe Managementof Health and Safety at Work Regulations 1999, the minimumyou

mustdois:

a) identifywhatcould causeinjuryorillnessinyourbusiness(hazards)
b) decidehowlikelyitisthatsomeone could be harmed and how seriously (the risk)
c) takeactiontoeliminatethehazard, orifthisisn'tpossible, controlthe risk

(HSE, 2024)



3 Methodology

3.1 ProcessofConducting FMEA
3.1.1 Scope definition

The FMEA process begins with defining the scope, outlining the boundaries of the analysis.

Thisinvolvesidentifyingthe product or process thatneedsto be assessed.
3.1.2 Assembling a Cross-functional Team

Adiverseteam comprising engineers, operators, quality control, research development
and safety specialistsis crucial for comprehensive risk assessment. Thisensures a
multidimensional perspective and expertise in different aspects of the

design/manufacturing process.
3.1.3 Identifying Failure Modes

Theteam systematicallyidentifies potential failure modes for each component or process,

considering past experiences, historical data, and expertknowledge.
3.1.4 Determining Failure Effects

The consequences of each identified failure mode are evaluated, considering theimpact

onsafety, productquality, and overall system functionality.
3.1.5 Assigning Severity, Occurrence, and Detection Ratings

Numerical scales are used to assign severity, occurrence, and detectionratings foreach
failure mode, facilitating a quantitative analysis of risks. Show belowin Table 1, Table 2and

Table3.



3.1.6 Calculating Risk Priority Number (RPN)

RPN is calculated by multiplying severity, occurrence, and detectionratings. This

prioritizes failure modes for targeted mitigation efforts.
3.1.7 Developing Mitigation Strategies
The team proposes corrective actions toreduce RPN values, addressing the root causes of

failuremodesand enhancing the overall system robustness.

Within Appendices, thereis a more detailed explanation of the process.



3.1.8 FMEA Layout within excel
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Figure 1-DFMEA Layout (For Illustration purposes only)



3.1.9 Criteria Tables used within DFMEA process

Table 7 - Design Severity Scale (Biotage 2024)

Design Severity Scale

Adapt as appropriate

Effect

Severity of Effect on product / customer

Ranking

High Failure renders the unit inoperable or unfit for use. 8
Moderate Failure causes a high degree of customer dissatisfaction. 7
Failure results in a subsystem or partial malfunction of
Very Moderate b . 6
the product.
Low Failure creates enough of a performance loss to cause 5
the customer to complain.
Failure can be overcome with modifications to the
Very Low customer’s process or product, but there is minor 4
performance loss.
Failure would create a minor nuisance to the customer,
Minor but the customer can overcome it without performance 3
loss.
Failure may not be readily apparent to the customer, but
Very Minor would have minor effects on the customer’s process or 2
product.
None Failure would not be noticeable to the customer and 1
would not affect the customer’s process or product.




Table 2- Design Occurrence Scale (Biotage 2024)

Design Occurrence Scale

Probability of Failure Occurrence of cause (Design life/reliability of item) Ranking

Almost Certain New technology/new design with no history 10

Failure is inevitable with new design, new application, or change in

Very High 9
/1A duty cycle/operating conditions

High Failure is likely with new design, new application, or change in duty 3

e cycle/ operating conditions.
Failure is uncertain with new design, new application, or change in

Moderately High & ) pp - 7

duty cycle/ operating conditions.
Frequent failures associated with similar designs or in design
Moderate ) . . 6
simulation and testing.
Low Occasional failures associated with similar designs or in design 5

simulation and testing.

Isolated failures associated with similar designs or in design
Very Low i i ) 4
simulation and testing.

Only isolated failures associated with almost identical design or in

Remote . . . .
design simulation and testing.

No observed failures associated with almost identical design or in
Very Remote o : i 2
design simulation and testing.

Absolute Uncertainty Failure is eliminated through preventative control. 1




Table 3- Design Detection Scale (Biotage 2024)

Design Detection Scale

Detection Likelihood of detection by design control Ranking
Absolute
. No known controls available to detect failure mode 10
Uncertainty
Very remote likelihood current controls will detect failure
Very Remote 9
mode
Remote likelihood current controls will detect failure
Remote 8
mode
Very low likelihood current controls will detect failure
Very Low 7
mode
Low Low likelihood current controls will detect failure mode 6
Moderate likelihood current controls will detect failure
Moderate 5
mode
Moderately Moderately high likelihood current controls will detect 4
High failure mode
High High likelihood current controls will detect failure mode 3
. Very high likelihood current controls will detect failure
Very High 2
mode
Current controls almost certain to detect the failure
Almost Certain mode. Reliable detection controls are known with 1

similar processes.




3.2 Justifications for Rankings

Biotage  Srar L1810
Dus 100 & 30 ym

.
- O

Figure2- Biotage Sfér Column & Liquid loading through Luer port

ShowninFigure2is aSfar Columnassembled and howasampleisloaded throughthe Cap.
Within the DFMEA process, itwas decided to break the Columndown into subassembliesto

truly capture the failure modes within each component.

3 key Potential Failure modeswere chosentofocus onastheresults ofthe RPN was the

highest;

1. Threadincorrectwithin CAP
2. Luerlock Connectionoutofspecification

3. O-Ringseat

AsshownaboveinTable 1, Table2,and Table 3these arethe criteria used to determine the
severity, occurrence, and detection withinthe FMEA carried out. Based on sound
engineeringdiscussions and the criteriatables, arealisticranking value was determined

for each elementwithinthe FMEA.

10



Table 4- Potential Failure Modes and their corresponding scores before mitigating actions

Potential Failure . . Severity | Occurrence | Detection
Mode Potential Failure Effects (1-10) (1-10) (1-10) RPN
Thread incorrect | Unable to assemble CAP onto barrel
o 8 3 5 120
within CAP correctly
Luer Lock Unable to connect instrument to
7 1
Connection out CAP 3 5 05
of specification
Leakage 9 3 5 135
O-Ring seat O-ring doesn't form correct seal 9 > 5 20
9 leading to leakage

Table 5 - Potential Failure Modes andtheir corresponding scores after mitigating actions

Potential Failure . : Severity | Occurrence | Detection
Mode Potential Failure Effects (1-10) (1-10) (1-10) RPN
Thread incorrect | Unable to assemble CAP onto barrel
iy 8 1 2 16
within CAP correctly
Luer Lock Unable to connect instrument to 7 1 > 14
Connection out CAP
of specification
Leakage 9 1 2 18
. O-ring doesn't form correct seal
O-Ring seat leading to leakage 9 1 2 18

11



3.2.1 Thread incorrect within CAP

Severity Rating

Deemedinoperable asthisisavital componentwithinthe assembly for holding pressure

andsecuringaninsertinplace.

Likelihood of occurrence

Asthereare other productsverysimilarto this design within the company, itwas decided

veryunlikely of occurrence.
Likelihood of Detection
Again, with previous designs playing afactorand carrying out DVP (design verification
plan)the chancesof detecting the failure were moderate.

3.2.2 Luerlock connection out of specification
The Luerlock had multiple failure effectsif the potential failure mode were to happen,
hence whyithastwo RPN scores for the two separate effects.

Severity Rating

Being unable to connectwith customers machinery, thiswould cause a high degree of
customer dissatisfaction. Leaking onthe other hand, would create noncompliance with

customer requirements.

Likelihood of occurrence

Verysimilar designto preexisting designs within biotage, giving averyunlikely chance of

thedesignhavingtheseissues.

12



Likelihood of Detection

Moderate chance of detectionasagain, coming fromvery similar designs within biotage

and being captured within DVP.
3.2.3 0O-Ring Seat

Severity Rating

Scoredvery high dueto creatinganoncompliance with customer requirements as their

tests couldn’tbe carried out successfully.

Likelihood of occurrence

Veryremote, no observed failures within biotage other products with this failure.

Likelihood of Detection

DVP hasamoderate chance of detecting thisfailure mode.

Risk Priority Numbers

With RPN numbers calculated, this gave indication which modes needed to take

precedence for mostrisk.

1. LuerLock Connectionoutof specification - Leakage-135
2. Unabletoassemble CAPontobarrel-120
3. LuerLock Connectionoutofspecification-Unableto connecttoinstrument-105

4. O-Ringdoesn'tformcorrectseal-90

13



3.3 Corrective Actions

With all Failure modes, the DFMEA & DVP results were reviewed.

- Reviewtolerancesthatcanbeheld
- Pressurethe CAP canwithstand
- Anyleakagedetected

- Threadfits

With knowledge gained from the DFMEA & DVP on these results, technical drawings were
modified to representthe necessaryrequirements needed to control the CAP within
specifications. Also, with discussions, it was decided that extra controls such as creating QC
gaugestocheckincoming product. This allowed specificfeaturesto be captured and

giving a high detectionrate.

14



4 Conclusions

Inconclusion, the FMEA processis a powerful tool for mitigating risks in the manufacturing
sector. By systematicallyidentifyingand addressing potential failure modes, engineers
canenhancethereliability and safety of systems. The effectiveness of FMEA liesinits ability
to provide a structured approach to risk management, aligning with the ethical
responsibilities outlined in the IMechE Code of Conduct. However, the tool's effectiveness
alsodependsonthe commitmenttoimplementing proposed corrective actions and

continuous monitoring of the evolving manufacturing landscape.

The FMEA process uncovered many potential failures within the design looked atin this
report, but, with the aid of RPN numbers, allowed a more efficient way of mitigating high
risk factors. Theresults after mitigating actions proved a positiveimpacton the designand

demonstrating the overall effectiveness of FMEA.

15
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6 Appendices

6.1 Howtoconductan FMEAanalysis: Astep-by-step guide

Lucidchart(2024)
Here's howto getstarted.
1.Choose aprocessyouwantto analyse

First, identifywhat product or processyouwantto assess. The FMEA analysisis
comprehensive, so youwantto focus on aspecific process witha narrowscope. Ifyou are

already aware of anissue, that'sagood placetostart.

Protip: For complex processes, consider breaking up the projectinto smaller partsand

conducting multiple FMEA analyses.
2.Gatherateam
Next, puttogethera cross-functionalteamto help conductathorough analysis.

Team membersshould be peoplewho aredirectlyinvolvedinthe processyou're analyzing.
They could come from design, manufacturing, maintenance, sales, or customer service.
Include peoplewhoarenotinmanagementrolesto geta clear perspective ofthe process

realities (and challenges)onthe ground.
3.Reviewthe process

Reviewyour currentprocess and identify each process componentand function. Be

specific. Consider whatthe purpose of the processis and what customers expectitto do.

18



Onceyou have your process components mapped out, you can documenttheminyour

FMEAdiagram.

4.1dentify failure modes

Brainstorm all the differentways the process could break down. These are called failure

modes. Whatarethe risks? How could each component fail or malfunction?

Keepin mindthatfailurein one component could cause another failure somewhere else.

ProTip: Usesticky notesto list failuresunderneath each process step to more easily

brainstorm andvisualize the potential risks.

5.0utline the effects of each potential failure

Onceyou'velisted allthe potential failure modes, gothrough eachone and identify all the

consequences on the system, process, customer, or organization.

Inotherwords, for each failure mode, ask:

Whathappenswhen thisfunctionfails?

How does afailure here affectthe customer?

Thenconsiderwhattherootcausesareforeachfailure(yourteam membersarean

invaluableresource here). Listthe causes onyour FMEA diagram.

19
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6. Determinethe severity of each failure

As noted earlier, FMEAranksthethree assessmentcriteriaonascaleof 1to 10. Thefirst

criterionisseverity.

Gothrougheach failuremode and assignitanumberbased on howserioustheissueis,
with 1 beinginsignificantand 10 being catastrophic. Add these rankings to the FMEA

diagram.

7.Rankoccurrence

Next, youwill rank occurrence or the probability of each failure mode to occur. Again,
assignaranking between 1and 10, with 1 being leastlikelyand 10 beinginevitable. Add

theserankingstothe FMEAtable.

8.Rankdetection

Thelastcriterionis detection.In otherwords, whatisthelikelihood the failure will be

detected and acted upon beforeithappens(orbeforeitis noticed by the customer)?

You'llneed tofirstidentify what controls are currentlyin place to prevent the failure from

happeningorkeeping the problemfromreachingthe customer.

Onceyou knowwhat controlsarein place, you can rank how likely those controls will
preventdetection. Again, rankthese probabilities for each failure onascale of 1-10, with 1
meaningyou're certain the failure will be detected and 10 meaningyou're certain the

failure will not be detected.

20



9. Calculatethe RPN

With each criterionranked and listed onyour FMEAtable, you can multiply the rankings to

calculate therisk priority number (RPN):

Severity x Occurrence x Detection = RPN

The RPN helpsyou prioritize which failures are most urgent so you can create a strategic

planofaction.
10.Createaplanofactionbased ontheriskpriorities

Withyour failure modes mapped out and ranked, you can quickly assesswhich areas of the
process need corrective measures and recommended actions. This mightmean making
changestothe processor productdesign oradjusting the measures and controlsin place

tomitigateriskand detection.

Your specificaction planshouldfocus onthefollowing objectives:
Eliminating failure modes fromthe process altogether where possible
Minimizing the severity and reducing the occurrence of failure modes
Improving detection of failure modes (i.e.,improving controls)

Asyou map outyour plans, note them onthe FMEA sheetaswell as whichteam members

areresponsibleforeachaction.

Afterimplementing these measures, notetheresultsandrecalculatethe RPN to assess

your progress and impact.

21



6.2 PersonalDevelopmentPlan

Name -Jordan Hessey

Degree - BEng Advanced Manufacturing Operations

Previous Qualifications -HNC Mechanical Engineering, HNC Electrical & Electronics

Engineering

Previous Experience - Qualified Toolmaker, Manufacturing Engineer, Senior

Manufacturing Engineer

Goal Objective Resources Measurement TargetDate
Required

Become Complete Degree and | University & Course Completion | 2027
Engineering many courses training institutes
Manager alongside to increase

knowledge
Team Learn how to Manager 1to1l, Manger input, 2027
Management | correctly manage Training institute Course Completion
training teams
NEBOSH Become Highly Training institute | Course Completion | 2027

efficient in knowledge

of H&S
Machinery Understanding PILZ training Course Completion | 2027
Legislative machinery legislation | facility
training in more depth, able to

challenge others
Fusion 360 Efficient in the use of | Fusion360, Course Completion | 2025
competent Fusion360 Training & use fusion

without help
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6.3 Technical Poster
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Corrective Actions

With all Failure modes, the DFMEA & DVP
results were reviewed.

scores before mitigating actions

- Review tolerances that can be held
- Pressure the CAP can withstand

- Any leakage detected

- Thread fits

With knowledge gained from the DFMEA
& DVP on these results, technical
drawings were modified to represent the
necessary requirements needed to

evaluating potential failure modes R instrument to CAP z 2 5 43 e S
and their effects on a system, out of speciication A g

rocess, or product. FMEA aids in Also, with discussions, it was decide
%entlfyi’ng critical failure modes = s . " e that extra controls such as creating QC
prioritizing risks, and ' g et Torm gauges to check incoming product. This
implementing targeted corrective m el A ) & 2 Bl allowed specific features to be captured
actions. b , il and giving a high detection rate.

otential Fail their corresponding sc: itigating actions
By employing FMEA, engineers can Severity | Oceurrence | Dete, Summary of Key Findings
enhance therobustness of their L || P ry y 9
designs, minimize the probability The FMEA process is a powerful tool for
of fa?lures, and improve overall ML EE Unatleto assemble caP g 1 2 16 gélct{%?tgygsr;fssléz r:r?att?c: lwa}g:rf]ziic'gytsrr]lggnd
hili h i within onto barrel correctly :

?éﬁg\gﬁgggﬂgﬁ e%:rﬁ?e” EFI\SE;‘:;S addressing potential failure modes,

L 420 y using engineers can enhance the reliability
thhe_ RhP{c\I (RISI? Ptrloglty Numlt%grl),_ a?g safefy of systergsl. The effecgveness
which rormulates from multiplying of FMEA lies in’its ability to provide a
the scores of Occurrence, Severity Rlsflock Hnele o cnnesy 7 1 2 14 structured approach to risk
and Detection. out of specification management, aligning with the ethical

res| ons%nlltgas 0LI|E||II’IEd in thre]e IMethE
= of Conduct. However, the tool's

RPN=0xSxD Leakage 9 1 2 18 effectiveness also depends on the

O-ring doesn't form . ’ 2 ;g commitment to implementing proposed

Explanation of failure modes

Methodology

1. Process of Conducting FMEA
1. Scopedefinition =
The FMEA ﬁrocess begins with defining the scope,
outlining the boundaries of the analysis. This
involves identifying the product or process that
needs to be assessed.
i . Assemblinga Cross-functional Team
A diverse team comprising engineers, operators,
and safety specialists is crucial for comprehensive
risk assessment. This ensures a multidimensional
perspective and expertise in different aspects of the
design/manufacturing process.
3. |dentifying Failure Modes K i
The team systematically identifies potential failure
modes for each companent or process, considering
East experiences, historical data, and expert
nowledge.
. Determining Failure Lffects .
The consequences of éach identified failure mode
are evaluated, considering the impact on safety,
product quality, and overall system functionality.

seal leadingto leakage

1. 1hread incorrect within CAP
Severity Rating
Deemed inoperable as this is a vital component within the assembly for holding
Eressure and securing an insert in place.

ikelihood of occurrence
s there are other products very similar to this design within the campany, it was
decided very unlikely of occurrence.
Likelihood of Deteciion
Again, with previous designs playing a factor and carrying out DVP {design
verification process) the chances of detecting the failure were moderate.

2. Luer lock connection out of specification

The Luer Io:kLhad muinp[g%‘aﬂure ef}eg(s me potential failure mode were to

appen, hence why it has two RPN scares for the two separale effects,
Severity Rating
Being unable to connect with customers machinery, this would cause a high
degree of customer dissatisfaction. Leaking on the other hand, would create
noncompliance with customer requirements.
Likelihood of occurrence
Very similar design ta preexisting designs within biotage, giving a very unlikely
chance of the design having these issues.
Likelihood of Detection
Moderate chance of detection as agDam, coming from very similar designs within
biatage and being captured within DYP.

5. Assipning Severity, Occurrence, and Detection R
R Ratings . N Severity Rating e
Numerical scales are used to assign severi Scored

ali
wery high due to creating a non(omFlian(e with customer requirements as
Tk cette LUREY b corTiat] 0 SICASIEON,.
Likelihood of occurrence

Very remote, no observed failures within biotage other products with this failure.
Likelihood of Detection

DVP has a moderate chance of detecting this failure mode.

Risk Priority Numbers

With RPN numbers calculated, this gave indication which modes needed to take

occurrence, and detection ratings for each %\Iure

mode, facilitating a quantitative analysis of risks.

Show below in Table 1, Table 2 and Table 3.

. 6 Calculating Risk Priority Number (RPN)

RPN is calculated by multiplying severity, =~

occurrence, and detection ratings. This prioritizes

falkire‘modssifos targEtEd m\tlgauon Stigrs: ?reﬁzgrrf&lzucromng;‘c(rl‘g:aulols ecification - Leakage - 135

3 < : . ion - =

Developing Mitigation Stralegies 2. Unable 1o assemble CAP onlo harrel . 120 e

The team proposes correclive actions Lo reduce 3. Luer Lock Connection out of specification - Unable to connect to instrument -
RPN values, addressing the root causes of failure 10!

modes and enhancing the overall system 4. O-Ring doesn't farm correct seal - 30

Figure 3- Technical Poster (Illustration purposes)

corrective actions and continlous
monitoring of the evolving
manufacturing landscape.

The FMEA process uncovered many
potential failures within the 10G Open
Cap, but, with the aid of RPN numbers,
allowed a more efficient way of
mitigating high risk factors. The results
after mitigating actions proved a positive
impact on the design and demonstrating
the overall effectiveness of FMEA.
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Introduction

The purpose of this project is to identify
possible failures associated with the 10G
Open Cap in the Biotage Sfar 10G
Column using FMEA (Failure Mode
Effects Analysis).

With aims to examine the preventative
measures that have been established
and put into practice to prevent these
failures.

FMEA brief overview

Failure Modes & Effects Analysis
(FMEA) is a widely accepted
methodology for systematically
evaluating Fotential failure modes
and their effects on a system,
process, or product. FMEA aids in
identifying critical failure modes,
prioritizing risks, and
implementing targeted corrective
actions.

By employing FMEA, engineers can
enhance the robustness of their
designs, minimize the probability
of falluresl, agcli improve ﬁ»verall
system reliability. Typically, FMEA’s
i’ék evaluations is c?;finecyby using
the RPN (Risk Priority Number),
which formulates from multiplying
the scores of Occurrence, Severity
and Detection.

RPN=0xSxD
Methodology

1. Process of Conducting FMEA
1. Scopedefinition L
The FMEA r[irc:cess begins with defining the scope,
outlining the boundaries of the analysis. This
involves identifying the product or process that
needs to be assessed.

2. Assembling a Cross functional Team
A diverse team comprising engineers, operators,
and safety specialists is crucial for comprehensive
risk assessment. This ensures a multidimensional

10G Open Cap
attached to the
Biotage Sfar 10G
Column & a Column
being filled through
the Luer port.

wiotage s 0
Due 1004 30 ym

-

Corrective Actions

With all Failure modes, the DFMEA & DVP
results were reviewed.

Potential Failure Modes and their corresponding scores before mitigating actions

Unable to assemble CAP

Thread incorrect
ithi onto barrel correctly

within CAP

Luer Lock
Connection
out of specification

Unable to connect 7 3 5
instrument to CAP

Leakage 5 3 5

O-ring doesn't form
O-Ring seat correct
seal leadingto leakage

Potential Failure Potential Failure e
Mode Effects

LLCELENTLIEEES  Unable to assemble CAP 2
within CAP onto barrel correctly
Luer Lock Unable to connect 5} 1 B
Connection instrument to CAP
aut of specification
Leakage 9 1 7
0-ring doesn't form
1 2

Explanation of failure modes

correct
seal leadingto leakage

. L Thread incorrect within CAP
Severity Rati
Deemed inoperable as this is a vital component within the assembly for holding
ressure and securing an insert in place.
ikelihood of accurrence
As there are other preducts very similar to this design within the company, it was
decided very unlikely of occurrénce.
Likelihood of Detection
Again, with previous designs playing a factar and carrying out DVP (design

perspective and expertise in different aspects of the verification process) the chances ol detecting the failure were moderate.

design/manufacturing process.
3 ldentif\{i_ngl ailure Modes . :
The team systematically identifies potential failure
modes for each compaonent or process, considering
L)ast experiences, historical data, and expert
nowledge,
. Determining Failure Effects N

The consequences of each identified failure mode
are evaluated, considering the impact on safety,
product quality, and overall system functionality.

5. Assigning Severity, Occurrence, and Detection

Ratings

Numerical scales?are used to assign severity,
occurrence, and detection ratings for each Tailure
mode, facilitating a quantitative”analysis of risks.
Show below in Table 1, Table 2 and Table 3.

6. Calculating Risk Priority Number (RPN)
RPN is calculated by multiplying severity,
occurrence, and detection ratings. This prioritizes
failure modes for targeted mitigation efforts.

7. Developing Mitigation Strategies
The team proposes corrective actions to reduce
RPN values, addressing the root causes of failure
modes and enhancing”the overall system
robustness.

. Luer lock connection out of specification
The Luter [Gck o aliple Eace eers T tential failure mode were to
happen, hence why it has twa RPN scares for the two separate effects.
Severity Rating
Being unable fo connect with customers machinery, this would cause a high
degree of customer dissatisfaction. Leaking on the other hand, would create
noncompliance with customer requirements.
Likelihood of occurrence B
Very similar design to preexisting designs within biotage, giving a very unlikely
chance of the design having these issues.
Likelihood of Detection
Moderate chance of detection as again, coming fram very similar designs within
biotage and being captured within DVP.
_ 3. O-Ring Seat

Severity Ratin
Scored ver’yhi?h due to creating a noncompliance with customer requirements as
their tests couldn't be carried out successfully.
Likelihood of occurrence
Very remote, no observed failures within biotage other products with this failure.
Likelihood of Detection
DVP has a moderate chance of detecting this failure mode.
Risk Priority Numbers
with RPN numbers calculated, this gave indication which modes neaded to take

recedence for most risk.

. Luer Lock Connection out of specification - Leakage - 135
2. Unable to assemble CAP onto barrel - 120
3. Luer Lock Connection out of specification - Unable to connect to instrument -

105
4. O-Ring doesn't form correct seal - 30

105

135

18

- Review tolerances that can be held
- Pressure the CAP can withstand

- Any leakage detected

- Thread fits

With knowledge gained from the DFMEA
& DVP on these results, technical
drawings were modified to represent the
necessary requirements needed to
control the CAP within specifications.
Also, with discussions, it was decided
that extra controls such as creating QC
gauges to check incoming product. This
allowed specific features to be captured
and giving a high detection rate.

Potential Failure Modes and their corresponding scores after mitigating actions

ccurrence | Detection
(1-10) (1-10)

Summary of Key Findings

The FMEA process is a powerful tool for
mitigating risks in the manufacturing
sector. By systematically identifying and
addressing potential failure modes,
engineers can enhance the reliability

and safety of systems. The effectiveness
of FMEA lies in'its ability to provide a
structured approach to risk
management, aligning with the ethical
responsibilities outlined in the IMechE
Code of Conduct. However, the tool's
effectiveness also depends on the
commitment to implementing proposed
corrective actions and continuous
monitoring of the evolving
manufacturing landscape.

The FMEA process uncovered many
potential failures within the 10G Open
Cap, but, with the aid of RPN numbers,
allowed a more efficient way of
mitigating high risk factors. The results
after mitigating actions proved a positive
impact on the design and demonstrating
the overall effectiveness of FMEA.
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