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[bookmark: _Toc768344130]1. Introduction

[bookmark: _Toc2076429754]1.1. Workplace Context
[bookmark: _Int_KiNnPk70][bookmark: _Int_Ia7UIjE0]In automotive manufacturing, even small mistakes can create big problems, especially when they involve braking components. At my workplace ZF TRW Automotive Pontypool, we build rear brakes caliper assemblies, and these parts must be handled carefully throughout the entire process. Earlier this year, we received a customer concern involving a scratch on the copper washer sealing surface of one of our calipers. Although the defect appears minor, any damage to this sealing surface can affect hydraulic brake performance and therefore have serious safety implications.

[bookmark: _Toc821691107]1.2. The Issue at Hand
During the 8D investigation, we confirmed that the caliper was completely free from damage during machining and during the automated in-process camera inspection. This meant the defect must have occurred after assembly, which led us to focus on the final handling stage as the most probable cause.

[bookmark: _Toc1749490191]1.3. Report Aims
[bookmark: _Int_PqjUxwMe]This report aims to analyse the handling process, identify why the damage occurred, and develop a plan to reduce handling-related defects within the post-assembly stage. To support this investigation, I am going to use basic quality tools such as a fishbone diagram and a pareto analysis to breakdown the potential causes and prioritise improvement actions based on our workplace data.





[bookmark: _Toc225167622]2. Problem and What Went Wrong

[bookmark: _Toc422827697]2.1. Overview of Brake Caliper Process
The brake caliper goes through several steps depending on the product and specific customer needs. Typically, the caliper housings will be received as a raw casting then go through OP10 and OP20 CNC machining After machining, the parts move into assembly where they are fitted with the actuator, pistons and other components. This is followed with in-process camera checks and a final inspection, and then manually put into packaging.
Most times this process runs smoothly, but a recent customer concern highlighted a scratch on the sealing surface of the caliper. Even though only one caliper was flagged, the issue required investigation because damage to the sealing surface can affect brake performance, and there is a risk that similar issues could appear on other parts that have not yet been flagged.
  
[bookmark: _Toc156537005]2.2. Evidence from 8D Investigation
[image: ]
Image 1 – Spot Face Damage and Camera Detections (Smith, 2026h)

[bookmark: _Int_5ieMnzVE]From the 8D evidence gathered we could see that parts had passed the automated camera inspection with no defects recorded. The damage appeared to have occurred after assembly, as the scratch and the worn anodised layer suggest the part had been hit or scraped by something during handling. The packaging also did not appear to be strong enough to fully protect the part in all situations. We confirmed with the customer that no mishandling took place on their side, meaning the issue originated within our factory. As a result, the handling stage was identified as a key point in the process that required closer attention

[image: ]
Image 2 – Containment and Inspection Sheet (Smith, 2026a)

[bookmark: _Int_K6S2ZhOi]During containment we took 1800 units to then be inspected before they were sent for shipping. In this a total of 22 defects were identified all with the form of damage to the spot face. The various categories can be seen it is the defect description. 




[bookmark: _Toc173589339]3. Root Cause Analysis (RCA)

[bookmark: _Toc772754017]3.1. Problem Statement
The customer raised a concern after finding a scratch on the copper washing sealing surface of a rear brake caliper assembly. From our investigation we can confirm the caliper was undamaged during machining and in process camera inspection. This means the damage occurred after assembly during the handling before packaging.
When conducting the RCA, the 5 whys method was chosen. This technique is a problem-solving tool that uncovers the root cause by asking why? Multiple times. This technique was implemented in the occurrence and detection of the root cause. (American Society for Quality, 2024)

[bookmark: _Toc1640090380]3.2. 5 Whys – Occurrence Caused
[image: ]Table 1 – Root Cause Analysis Occurrence Table (Smith, 2026g)

For the occurrence, the part was mishandled after assembly because handling controls were weak. There were no protective fixtures and the process relied heavily on the operator technique.

[bookmark: _Toc347293395]3.3. 5 Whys – Detection Caused
[image: ]Table 2 - Root Cause Analysis Detection Table (Smith, 2026f)

For the detection, the part was seen with no damage prior as the damage occurred after the final inspection, and the remaining detection relied on manual inspection which this method could not detect post inspection mishandling.

[bookmark: _Toc1480603096]3.4. RCA Summary
The occurrence root cause was manual mishandling after assembly which was caused by inconsistencies with handling processes and a lack of protective equipment. The detection root cause was that the damage occurred after the final inspection and that the process relied on manual inspection with no automated detection at final stage. The RCA shows a clear justification for the improvement actions needing to be added.






[bookmark: _Toc1372993609]4. Quality Tools

[bookmark: _Toc334220633]4.1. Fishbone Diagram

[image: ]Image 3 – Ishikawa Diagram of Causes (Smith, 2026c)

Looking at the handling damage through the fishbone tool it shows multiple causes such as people; operators may not always handle parts the same way sometimes rushed. Machines; no special tools or fixtures for safe handling. Methods; there are no strict rules on how parts should be moved or positioned after assembly. Materials; packaging might not protect parts fully if something knocks them. Environment; space around the packing areas can be tight leading to collisions. And finally, measurements; relying on only human inspection can lead to defects missed due to eyesight or concentration.
Using the fishbone diagram was useful as it showed the handling problem was not due to an individual mistake, but a variety of potential causes that show it was a mixture of process weaknesses. (Botezatu et al., 2019)

[bookmark: _Toc1133654381]4.2. Pareto Analysis
[bookmark: _Int_JZatnTDu]To understand which defect types were contributing most to the spot face damage problem, a pareto analysis was carried out using real time data from contaminated parts. From the total of 1800 parts there were 22 which had contained damage, which were then grouped into four categories based on the 8D evidence. These were mishandling after assembly, pallet movement impact, packaging weakness, and abrasion between parts.

[image: ]
Table 3 – Pareto Analysis Table of Defects and Percentages (Smith, 2026d)

From the table we can see the different defect types, total of defects, percentage of the defect and a final cumulative percentage.
From these values the pareto percentages were calculated. When using the 80/20 rule we can see 50% came from mishandle and 27.27% came from pallet movement meaning these to defects alone almost make the total 80% at around 77.27%.

[image: ]
Graph 1 – Pareto Percentage of Defect Types (Smith, 2026e)

A pareto chart was then created to visually present this distribution showing the defects and cumulative percentage. This chart shows the 80/20 rule where mishandle and pallet movement make up all the 80%. (Brooks, 2014) 
The chart supports the finding in the 8D investigation which concluded that the damage occurred after assembly due to handling weaknesses like dropping, knocking, incorrect manual transfers and pallet movements.






[bookmark: _Toc1053139404]5. Improvement Plan

[bookmark: _Toc1648627334]5.1. Goal of the Improvement Plan
The purpose of this improvement plan is to cut handling related defect in the post assembly stage of the caliper process. This plan is based off the containment data and the root causes found through the 8D investigation and 5 whys analysis.

[bookmark: _Toc673167046]5.2. Short-Term Improvements
The 8D investigation confirmed that the caliper was damage free during machining and during the in-process camera check, showing this system was fully confirmed and reliable. As for this we will use the in-process camera inspection as the final quality check before parts are shipped as this will remove the final visual inspection to reduce unnecessary manual handling after assembly. This will address the detection root cause by preventing defects that occur after inspection from escaping.

[image: ]
Image 4 – Handling of Caliper and Packaging (Smith, 2026b)

Another improvement will be providing a short session on how to handle the caliper when packaging. This will consist of how to hold the caliper, how to avoid contact with the sealing surface and shows examples of good and bad parts. This will also tackle the mishandling after assembly to prevent inconsistencies or unsafe handling techniques.
The final short-term improvement will look at adding visuals alongside the instructions to hopefully strengthen consistency. These visual will consists of highlighting the critical features and including example photos from returned parts. They will reinforce the correct behaviour and reduce variation between shifts.

[bookmark: _Toc1573560563]5.3. Medium-Term Improvements
Next, we would investigate improvements for the next year by improving the packaging protection for spot face areas.

 We will look at adding either foam or rubber inserts around the spot face area and, ensure parts cannot move or knock together. The containment data showed 3 packaging related and 6 pallet related defect, so packaging is likely linked to the problem. This will address the impact damage during pallet movement.
Another improvement will look at creating a clear layout for pallets to be moved in hope to reduce accidental impact. Our 8D investigation showed the layout may be limited so to fix this we could look at creating define handling lanes to reduce collision and improve the workflow safety.

[bookmark: _Toc213508909]5.4. Long-Term Improvements
For the future we can look at ensuring the improvement continue long-term and operators stay consistent. The idea will be having daily supervisor checks, weekly quality checks, and month engineering checks. This ensures control and continuous monitoring. This will be like a layered internal audit.
 
[bookmark: _Toc753862716]5.5. Prioritization from Pareto Analysis
Improvements were prioritised based on the pareto analysis, which showed that mishandling and pallet affected accounted for 77% of all defects. These areas therefore received priority in the improvement plan due to the higher impact they have on defect reductions.

[bookmark: _Toc209548972]6. Monitoring and Key Performance Indicators

To make sure the improvement actions are working and that handling related defect do not occur again, it will be important to introduce KPIs and regular monitoring methods. The KPIs are based on the containment data and the issues highlighted in the 8D investigation, which showed that mishandling and pallet movement impacts handled 77% of defects found.

[bookmark: _Toc1116201652]6.1. Key Performances Indicators (KPI)
The first KPI will best handling related defect rate as mishandling after assembly was the main root cause with being 50% of defects. This KPI will measure how many defects appear each month linked to handling. The KPI will show whether training and instructions are preventing damage.
Next will be a packaging related defect rate KPI will look at the packaging weakness and pallet impact damage which was 40% of accounted defects. This will track whether packaging improvements and new inserts are protecting the spot face correctly.
Another KPI will look at handling training completion and refresh rate percentage. This will require all operators to be retrained on correct handling. This will confirm all operators stay aware of how to safely handle the caliper without damaging critical surfaces.
Finally, will be the layered process audit (LPA) results. Daily supervisor checks and weekly quality audits will verify that the improvements stay in place. This will ensure long-term consistency and prevent the process from reverting to old habits.

[bookmark: _Toc2039671397]6.2. Monitoring Methods
To make the KPIs meaningful, activities will be carried out such as daily visual checks where supervisors can confirm correct handling, placement in trays and packaging setup. Weekly quality inspections on sample of packed parts for spot face damage and correct orientation. Monthly data reviews by checking defect numbers, handling related defect rates, training completion and audit scores checked by quality and production.

[bookmark: _Toc1798509900]6.3. Ensuring Long-Term Control
To prevent the issue from returning, KPIs will be built into the normal management routine. This will include discussion on KPIs during weekly quality meetings, any rise in handling related defect trigger immediate operator retraining, every quarter to check packaging strength and separation quality and finally, engineers will review effectiveness of handling fixture and make upgrades when needed.
The structure will ensure that corrective actions introduced part of the 8D investigation remain effective long-term and that the handling process continues to protect critical surfaces on the caliper. 













[bookmark: _Toc1625932806]7. Barriers and Mitigation Strategies

[bookmark: _Int_KQdpjXFT]Even with the improvement plan, there will always be barriers that can affect how well the changes are implemented. It is important to recognise these challenges so that the improvements will not break down overtime. Based on the handling related identified in the 8D investigation, several barriers are likely to appear. I will look at these barriers and create strategies on how each one can be managed to make sure the improvements are successful.

[bookmark: _Toc1589876155]7.1. Potential Barriers
From the 8D investigation it showed that handling was inconsistent and overly dependent on an operator's technique, which directly contributed to mishandling 11 defects in the containment data. This means that some operators might continue to use old habits, especially if they are rushed on time.
Upgrading the packaging with either foam insets or stronger trays will require budget approval or new suppliers. This would delay our implementation of medium-term improvements.
Another barrier will be the time needed for training and audits. While training and LPAs are essential, they will need time away from production. Supervisors will struggle to fit this time into their schedule resulting in delays on shop floor.
Although improvements often perform well at first, they begin to fade over time if not regularly checked. Although in our 8D we already used ‘Go and See’ checks, showing the need for ongoing validation.

[bookmark: _Toc27202186]7.2. Mitigation Strategies
To manage the operator variation, training sessions should take place monthly. This will include real examples from returned parts to remind operators about the importance of keeping the sealing surface damage free.
To reduce the cost and supply issues, foam inserts or strengthened compartments can be trailed on a smaller scale like doing just a few batches. We can they look at the results in comparison and if successful, introduce a full adoption.
For building training and audits into shift routine, instead of pulling operators off the line we can introduce quick micro-training session which will be 5 minutes at shift start and for the audits it can be 2 minutes. These can be added as a daily routine without affecting productivity on shop floor.

[bookmark: _Toc1852073627]7.3. Barrier and Mitigation Summary
By looking at the barriers early and putting mitigation strategies into place, the improvement plan becomes more realistic and easier to sustain. The combinations of training, packaging upgrades, audits and KPI tracking ensures the handling process stays under control and prevents a recurrence of sealing surface damage.













[bookmark: _Toc761334279]8. Conclusion

The investigation carried out in this report showed that the damage to the brake caliper sealing surface was not caused during machining or camera inspection but occurred after assembly during manual handling. The containment results confirmed this by showing repeat occurrences of mishandling, pallet-movement impacts, packaging issues and abrasion defects. These findings were consistent across the data and supported the root cause found through 5 why analysis
Quality tools such as Fishbone diagram and Pareto analysis made it clear that handling related issues were main contributors to the problem. The pareto chart showed mishandling and pallet impacts accumulated 77% of all recorded defect meaning improvements in these areas would have the biggest effect on overall quality.
The improvement plan focuses on reducing handling variation, improving packaging protection, strengthening operators' awareness and introducing improvements to protect the sealing surface more effectively. Short-term actions like camera inspection and final quality gate and updating handling instructions address the immediate risk, while medium and long-term actions include packaging upgrades and layered process audits, help prevent the issue from recurring
Ensuring these improvements are kept, KPIs were used to measure performance overtime. This included tracking handling related defect rates, packaging related issues, audit compliance and operator training. This will help find any bad trends early so corrective actions can be taken before any part concern occurs.
Overall, the report shows that the issue was caused by weaknesses in the post assembly handling process, but by understanding the problem with data and applying quality tools, a path to preventing future defect was made. With the improvement plan in place and constant monitoring, the risk of the sealing surface damage occurring is reduced significantly improving the customer confidence and ensure more reliable processes going forward.
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Why |Reason _________________|Evidence ______________

Why was the sealing surface Because a scratch was visible onthe  Scratch reported on the sealing

damaged? caliper surface

Why was there a scratch? The part had an impact Damage consistent with mishandling.

Why did the impact occur? The part was manually handled during  No damage present during camera
packaging checks

Why could manual handling cause No strict handling method was used  No prior specification or example

damage?

Why were there no handling controls  The handling stage was not found Noted in 8D under method and

previously as high risk handling weaknesses




image2.png
RESEARCH For this assessment, you can use Generative Al to Yes X
support you in research, including searching for
bibliography, using tools to summarise, compare and | No [1
interrogate materials.
STRUCTURE For this assessment, you can use Generative Al to Yes
support you in structuring your submission, including
creating a draft argument structure, identifying parts | No (1
and headings, etc.
PROOFREADING For this assessment, you can use Generative Al to Yes
check your own text/creation for grammatical and
syntactical mistakes, including rephrasing of your No
own work within specific standards.
WRITING For this assessment, you can use Generative Al to Yes [0
create text for submission.
No
CREATIVE For this assessment, you can use Generative Al to Yes O
create creative materials, such as images.
No X
PROGRAMING For this assessment, you can use Generative Al to Yes [
create and check code.
No X
NONE For this assessment, you are not allowed to use any | Yes (]
type of Generative Al support. This includes research
support, structure support, writing/proofreading No

support and creative support.
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Defect Type Total | Percentage | Cumulative Percentage
Misshandle after assembly 11 50% 50%
Pallet movement impact 6 27.27% 77.27%
Packaging weakness 3 13.64% 90.91%
Abration between parts 2 9.09% 100%
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Why |Reason ______________|Evidence

Why was the defect not detected? It passed final visual inspection Inspection sheet showed no damage

Why did the inspection miss it? The damage occurred after the 8D states damage had happened post
inspection assembly and inspection

Why was the damage postinspection?  The part still had to be manually Handling before packaging noted as
transferred into packaging risk area

Why was this stage controlled? No error proofing detected existed here  Process reliant on operator checks

Why was the detection dependenton  This process did no include an Visual inspection listed as main

visual inspections automated check control step
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