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[bookmark: _Toc1337109856]1. Introduction
This report investigates the issue concerning Right Hand Nissan P13a assemblies leaving the ZF Pontypool site and arriving at Nissan Sunderland. Using problem analysis tools such as RCA (Root Cause Analysis), and two of the seven basic quality tools, an improvement plan will be developed, using actions of improvement, their prioritisation, and KPI measurement. Monitoring and controlling the issue going forward will also take place, as well as the barriers and mitigation to stop the issue from occurring.

[bookmark: _Toc135103449]1.1. Workplace Context
ZF Pontypool operate as a Tier 1 supplier of braking systems in the motor manufacture trade. Different components of the system arrive at the site including (but not limited to), raw castings in the form of housings and carriers, brake pads, and actuators for EPB (electric parking brakes / handbrakes). Raw castings (both housings and carriers) are then machined, with 3 different operations of machining for distinct parts of the casting (OP10, OP20, and OP30). During these operations, many issues can arise, such as geometry errors, tool wear and / or damage, as well as swarf (small metal shavings which sometimes stay on the part to due machining and wash issues), which was responsible for the issue concerning the RH (Right Hand) P13a assemblies.

[bookmark: _Toc2016951922]1.2. The Issue at Hand
The issue at hand concerns the RH Nissan P13a assemblies. After the parts were dispatched from ZF Pontypool and arrived at Nissan Sunderland, the Trim & Chassis department detected that the brakes would not fill with fluid. This was suspected to be an air leak on the EPB actuator. After the part was sent back to ZF to be investigated, the issue was found out to be swarf contamination from the housing machining process, clinging onto the spindle O-ring. This led to the spindle being in an incorrect position, with a separation between the actuator and housing itself, allowing for an opening, and a leakage of brake fluid.
[image: ]
Figure 1 – Action Report email from Nissan Sunderland describing the issue found and steps taken to mitigate (Nissan Sunderland, 2026)

[image: ]Figure 2 – Quality Concern Communication from ZF Pontypool addressing the issue at hand (ZF Pontypool, 2026)

[bookmark: _Toc1935999239]1.3. Suitability for an Improvement Study
[bookmark: _Int_svsIUsSf]This problem is more than suitable for an improvement study as the braking system is one of, if not the most critical component in the manufacturing of a motor vehicle. At ZF Pontypool within these braking systems, characteristics of each individual part are classified into three distinct categories of importance by the supplier, Nissan in this case. The three characteristic categories are important, significant, and critical (SCCC). If the significant and / or critical characteristics are found to be flawed in any way, shape, or form through methods of such as hard gauging, coordinate measuring machine (CMM), and visual checks they will be scrapped off, although as is the case within many different sectors manufacturing, human error can still prevail as one of the leading causes of flawed componentry. Cost impact also plays a key role in the suitability for an improvement study, as for any manufacturing business unnecessary expenditure is a contributing factor to poor financial gain, needing extra labour to be paid for the sorting, reworking, and scrapping of any flawed componentry. There is also a chance for this problem to occur with the LH assemblies, as they use the exact same machining process.




[bookmark: _Toc949880189]2. Problem Analysis Using Quality Tools

[bookmark: _Toc514449459]2.1. RCA (Root Cause Analysis)
[bookmark: _Int_0GLM4ump][bookmark: _Int_q4r3WJtc]The popular “5 Why” method of RCA was chosen for the issue as it is adaptable to any scenario and aligns with ZF’s ideologies of continuous improvement within sectors such as lean manufacturing. Avatour (2026) states, “by identifying and addressing root causes, the 5 Whys technique helps improve quality control processes. It eliminates the recurrence of problems and reduces defects, leading to higher quality products and services”, and “addressing root causes through the 5 Whys technique directly benefits customers. By resolving underlying issues, organizations can provide higher quality products, services, and experiences, thereby increasing customer satisfaction and loyalty.”

Why was the defect made? > Evacuate and fill failure at Nissan Sunderland > The braking system wasn’t closed; verified by low pressure test where air bubbles were visible local to the actuator harness hook up point > The sealing O-ring within the caliper housing was bridged > A swarf chip was lodged on the O-ring sealing interface, bridging the sealing path > Machined housing contaminated with swarf > Hinged swarf present post port breakthrough hole machining > Tool designed as such that burrs generated on exit path of drilling operation.

Why was the non-conformity not detected? > Evacuate and fill failure at Nissan Sunderland > The not okay assembly (NOK assy) was flowed out from the ZF Pontypool assembly process > Assembled caliper passed all in-process tests > A sealing condition was achieved during the test > The swarf particle was not in a position to bridge the sealing interface when tested > Movement of swarf particle, post-test, sufficient to bridge sealing interface and create leak path.

[bookmark: _Toc858714217]2.2. Six Sigma / DMAIC Concepts
[bookmark: _Int_bKEu8fxD]Six Sigma (often written as 6 σ) is a methodology created by Bill Smith (1929 – 1993) in 1987 whilst working at Motorola. The main goal of Six Sigma is to aggressively target a defect rate of 0.00034% / 3.4 DPMO (Defects per Million Opportunities), through tasks such as statistical analysis of variation, customer defined quality (VoC / Voice of Customer), data driven decision making and continuous improvement. The DMAIC (Define, Measure, Analyse, Improve, Control) process allows Six Sigma to flourish Evander Subagyo et al., (2020) states, “the DMAIC (Define, Measurement, Analyse, Improve, Control) methodology of Six Sigma has been widely recognized as a breakthrough process improvement strategy for application among human resources that offers an impressive reduction in defects or errors in many business processes.” DMAIC is used to plan the process, collect baseline data, analyse the data using methods of root cause analysis, improve the process, and lastly control it once completed. With regards to the issue at hand, the defined problem is the assembly leaking brake fluid, the measurement is 17 defect parts out of 2,000, the analysis is an Ishikawa / Fishbone diagram and 5 Whys, the improvements are modifications to the tooling and wash processes, and the controlling factor is an SPC chart.



[bookmark: _Toc2112507493]2.3. Two Basic Quality Tools
“These seven quality tools which are basic for all other tools are; flow chart, Pareto diagram, check sheet, control chart, histogram, scatter plot, and cause-and-effect diagram. The seven quality tools were first emphasized by Ishikawa (in the 1960s), who is one of the quality management gurus” (Soković, M., Jovanović, J., Krivokapić, Z. and Vujović, A., 2009). The two basic quality tools chosen for the issue at hand are an Ishikawa / Fishbone diagram, and Pareto analysis to follow.
[image: ]Figure 3 – Ishikawa / Fishbone Diagram depicting the possible root causes of the issue (Sanderson-Jones, 2026c)

Paradies (2020), states that with regards to Ishikawa / Fishbone diagrams “the technique is visual. It is easy to see what the investigator sees as the main problem (the head of the fish), the major factors influencing performance (the main bones attached to the spine), and the potential causes (the minor bones).” Although BGMC (2023), states that Ishikawa / Fishbone diagrams “lack quantitative analysis of causes, making it unable to measure their impact precisely.”

[image: ]
Figure 4 – Results of the Sorting Activity of the P13a Assemblies, Pre-Improvement (ZF Pontypool, 2026c)

Portrayed above are the sorting results before modifications to the processes. In the image, it shows that 2,000 components were checked, with 12 occurrences of a burr in the port breakthrough. Also, other defected components were found, 3 with swarf on the sealing surface, 2 with seal damage, and 1 incorrect assembly (17 defects, 0.85% defect rate). These numbers were then inserted into Excel ready for Pareto analysis.

[image: ]
Figure 5 – Results Inserted into Excel for Pareto Analysis (Sanderson-Jones, 2026e)

[image: ]Figure 6 – Pareto Analysis of P13a RH Assembly Defects Pre Improvements (Sanderson-Jones, 2026d)

Pareto analysis was created by Italian economist Vilfredo Pareto in 1906, through his own realisation that 80% of the property in Italy was owned by 20% of the population. Years down the line, American engineer Joseph M. Juran coined this term “Pareto’s principle of unequal distribution” (Borad, 2021). In the modern manufacturing world, the principle claims that 20% of the causes result in 80% of the problems, meaning that a lot of effort can be put into solving the problem, when only a fifth of the causes are producing four fifths of the problems, which can lead to overspending on wages for staff to solve the problem when only a fifth of the work was required. With regards to the advantages and disadvantages of Pareto analysis, GeeksforGeeks (2020) states, “defects are firstly ranked in order of their severity i.e. in descending order. Defects are organized from highest to lowest priority with help of Pareto Chart. Defects that are on top with highest priority are eliminated first or resolved first.” On the other hand, “one of the main disadvantages is that root cause analysis cannot be done by itself in Pareto analysis” (GeeksforGeeks, 2020).




[bookmark: _Toc175579642]3. Improvement Plan

[bookmark: _Toc1574658681]3.1. Actions
[image: ]
Figure 7 – Swarf Presence in Port Breakthrough Post Machining and Wash (Sanderson-Jones, 2026g)
[image: ]
Figure 8 – Incorrect Configuration of Washer Jet (Sanderson-Jones, 2026b)

[bookmark: _Int_cbfDX8KQ]Modifications were made to C199 (the machine responsible), within its tooling and its washer jet configuration. The figures above visually portray the causes regarding the issue at hand before modification. The figures below portray the differences in the machining process thanks to the modified tooling, and the differences in the post-machining wash process due to the now correct washer jet configuration.

[image: ]
Figure 9 – Swarf No Longer Present Due to New Breakthrough Drills and Machining Process Modifications (Sanderson-Jones, 2026f)
[image: ]
Figure 10 – Correct Configuration of Washer Jet (Sanderson-Jones, 2026a)

[bookmark: _Int_QwfdP9sN]A modification to C199 itself is also forecasted to be completed by the end of March 2026, an “air-blow” feature, with a high-pressure air source blowing onto the part in hopes of “blowing” the swarf off the component.

[image: ]
Figure 11 - Results of the Sorting Activity of the P13a Assemblies, Post-Improvement (ZF Pontypool, 2026b)

Pictured above are the sorting results, after the improvements to both the machining and wash processes were implemented. It shows that not a single failure was found in 2,000 components (0% defect rate), a massive improvement.

[bookmark: _Toc1413620830]3.2. Prioritisation of Improvements
[bookmark: _Int_dyo5sfKz]Out of the two modifications made to improve their respective processes (“air-blow” modification to be completed by March 2026), they all vary in their effectiveness. The tooling modification was prioritised the most and completed first (20/02/2026), as it removes the swarf contamination entirely, and it is a permanent fix. Although, it does require an ample amount of time to modify the tooling, it will also incur a cost with regards to the new tooling itself and downtime. Second in importance, the washer jet configuration was altered correctly (01/03/2026), which although proved to be a quick and effective fix to the issue at hand, the configuration would only last for a couple of months before it was out of position again. The least important modification is the “air-blow” operation, as although it’ll be incredibly effective, arguably more than the new tooling, it is yet to be completed at time of writing (06/03/2026), and akin to the tooling modification, it will result in more downtime and costs.


[bookmark: _Toc757246485]3.3. KPI (Key Performance Indicator) Measurement
The most efficient KPI metric to measure is the defect rate of each round of sorting of 2,000 individual parts, as it is quantifiable, objective data. With an already low defect rate of 0.85% of 2,000 parts (although still not acceptable due to the severity of the issue), it was eliminated through modifications to the machining and washing processes to 0% for 2,000 parts. Furthermore, the sorting effectiveness was raised to 100% (0 defects) from 99.15% (17 defects).


[bookmark: _Toc634412135]4. Monitoring and Control
Control measures such as the tooling and wash modifications kept the altered machining process under control, with clear dates for their implementation (01/02/2026 for tooling, 02/02/2026 for wash, estimated XX/03/2026 for “air-blow”). SPC (Statistical Process Control) charts have been recommended to the machining staff as another form of monitoring and controlling the issue, as it was the origin point for the swarf contamination in the first place. These charts such as Xbar & R charts show where the data can start to “trend”, before the process can either become not capable, non-conforming, or out of control. These charts also provide raw, quantitative data with Cp & Cpk values, measuring how capable the newly altered process is.
[image: ]Figure 12 – Example of an Xbar-R Chart (Six Sigma Free Training Site, 2026)


[bookmark: _Toc1689459924]5. Barriers and Mitigation
With regards to the altered machining process, it could affect the earlier capability of C199 (responsible machine). Motorcu and Güllü (2006), states that “definitions of process control are used to establish qualified measurements for potential and performance of process in industry which are elements of capacity.” Using SPC charts, the capability can be measured and kept under control going forward. Re-training of staff could be a problem going forward, as they will have to become acquainted with the new machining and wash processes, downtime was / will be required for the modifications to be implemented, which too will incur a cost, and opposite hand machining (LH & RH) must be taken into consideration as they both use C199 to be machined and washed, but mirrored.




[bookmark: _Toc1015188021]6. Conclusion
[bookmark: _Int_vFwq4e0x]In conclusion, using 5 Whys as a method of RCA, an Ishikawa / Fishbone diagram and Pareto analysis as two (of the seven) basic quality tools, the data found showed that the root cause for the issue at hand was swarf contamination on the spindle O-ring, falsifying a “bridging” surface on the actuator harness hook up point, leading to an air leak, giving us the answer as to why the brakes were rejecting fluid. Through modifying the tooling and washer jet configuration of C199, and with an “air-blow” modification to be completed by March 2026, the root cause (swarf contamination) was eliminated, proven by the containment results pre and post modification. Defect rate for 2,000 parts was dropped from 0.85% to 0%, and sorting effectiveness raised from 99.15% to 100%. This push for continuous improvement within manufacturing will always be beneficial, as it improves many aspects of manufacturing itself. Strengthening product quality can be achieved through reducing variation using SPC charts, lower defect rates, and stabilising machining output. Enhancing safety performance is a priority as the braking system is one of the most critical components of a vehicle, through preventing the previously mentioned internal leakage, and preventing LP failures at the customer (Nissan Sunderland). Also, building customer trust and confidence will always be advantageous, as the manufacturer (ZF Pontypool) is able to prove that they understand the issue at hand and are able to rectify it using root cause analysis, quantifiable data is also used to solve these issues, through sorting activities which result in a defect rate and sorting effectiveness, the issue at hand also changes from being “contained” to “controlled”, and through these data harvesting techniques, transparent evidence can be relayed to the customer, giving the customer proof of the ongoing work into solving the issue at hand, preventing it from happening again through methods such as process modification, photographic evidence of the improvement actions, and quantifiable data-driven metrics of defect types, and the rates at which they occur.
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NISSAN MOTOR MANUFACTURING (uk) LIMITED
Registered Offce

‘Weshington Rosd, Sunderland

Tyne & Wear, SRS 3NS England

Phone: +44 [0] 191 415 0000

NISSAN

'NON CONFORMING MATERIAL - ACTION REPORT

Supplier Name:  TRW BRAKING PONTYPOOL
PartNumber:  440002496R

Date of Concern  08/01/2026

Report Number 00155140

Model: Juke

Concern Details

A concem was highlighted by our Trim and Chassis department regarding part number: 440002496R,
BRAKE-CALLIPER-RR RH DIAM34DSQ.

It was reported that the brakes would not fill.
Investigation revealed that there was an air leak from the electrical connector on the calliper.
A replacement part was fitted to the vehicle, with the concern no longer evident.

The defective part will be returned to you to aid in your investigation against reject note number:
RN0493844.

Areply to this concern is due before: 08/02/2026

Alrleak from connector
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QUALITY CONCERN COMMUNICATION
NMUK: P13a RH Assembly Detals:

1 x leaking caliper has
Leak Present @ Actuator Harness Connector been reported by NMUK,
confirmed by ZF. The root
cause has been
determined as a
contaminated spindle O-
ring. The source of the
contamination is swarf
within the machined
housing body.

Please ensure Standard Ops are followed and understood, parts are
100% viewed for swarf, post-wash.

16/01/2026
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