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Executive Summary  
 

One of the most pressing issues within the company for several years now is the 
inability to control the ‘Hose Over-Connector’ operation and ensure all final assemblies 
that are shipped to the customer are within the 0 - 2mm tolerance and never exceeds 
the specified tolerance. Over the last few months, the business has received several 
customer complaints due to the inability to protect the customer from faulty parts. This 

gap has resulted in Hose being pushed off of the Connector when the Clear Vision 
System is operated. This has occurred due to the fact that the hose was over the 2mm 
top tolerance and was under-inserted over the connector barb. The result of this 

production failure was when the driver of the car operated the system, the hose was 
pushed off the connector under water pressure and the system then failed. 

This is a major failure mode within the CVS Systems and corrective action is required 

ASAP. This improvement project was presented to the Manufacturing Engineering team, 
with the intention of them being able to design, produce and implement an effective 
control measure that will protect the customer from any failures due to this 
manufacturing operation. William Davies (Manufacturing Engineer) was nominated to 
be the owner/champion for this project due to his heavy involvement with the hose 

assembly production line and good understanding of it. In order to successfully 
deliver the Six Sigma project the DMAIC approach was followed, which included 

the following steps; Defining the overall problem at hand; 
Measuring/quantifying  the scale of the problem;  Analysing the data collected 
from the measurement phase; Improving the problem with the proposed 

solution; and putting in place controls to ensure the gains are withheld. 

The Six Sigma green belt project delivered a robust countermeasure that pays 
back in under a year. It has been rolled out across multiple assemblies within the 

business and now set as a global standard for all new fixtures in future projects.  
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Introduction 
William Davies’ within Kautex Textron CVS LTD is a Manufacturing Engineer. Kautex Textron CVS LTD 

is a multinational company which specialise in clear vision systems. These are windscreen wash 

systems, camera cleaning systems and headlamp wash systems for the automotive industry. As a 

Manufacturing Engineer within the company some my job roles include system maintenance of all 

manufacturing processes, implementation of new tooling for customer projects and most importantly 

for this project providing engineering solutions to problems within the manufacturing process 

brought about by customer complaints and QDR’s.  
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Define  

Problem Overview  
In previous years there has been several customer related issues with the Hose-Over –Connector 

operation and the hose being under inserted over the various connector barbs. This flaw in 

manufacturing resulted in the hose being forced off the connector barb losing adhesion when the CVS 

system was operated, thus resulting in a failure of the system and it then having to be replaced. This 

is a huge part of our production line at Kautex due to the fact that every singe hose assembly fixture 

contains a Hose-Over-Connector operation and if initial checks aren’t thorough, lots of assembled 

parts are slipping through the net and causing financial and reputational problems from the company. 

The main problems faced by the company are: 

1. A huge amount of costs are being incurred due to the company having to deal with wrong or 

incorrect parts being supplied to the customer.  

2. Massive financial implications due to extra inspection processes having to be undertaken. 

3. Financial implications due to the training of inspection contractors when dealing with faulty 

parts. 

Customer Related Issues  
Some examples of the problems that have been found at the customers end are: 

Internal Inspection Issues 
The Firewall Inspection area have also seen several parts displaying the defective characteristic over 

the last few months, these findings were: 

Part Number Number of Parts Date of findings 

4000013961 1 20/01/18 

4000013491 3 20/08/18 

4000010040 2 23/03/18 

4000013961 1 08/02/18 

 

Cost Incurred Whilst Dealing With The Issue  
The costs incurred when dealing with this problem have impacted the business greatly, these have 

been: 

𝐶𝑜𝑠𝑡 𝑃𝑒𝑟 𝑇𝑒𝑐ℎ𝑛𝑖𝑐𝑖𝑎𝑛 𝑃𝑒𝑟 𝑊𝑒𝑒𝑘 = 2848.54 

𝐶𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑟𝑒𝑙𝑎𝑡𝑒𝑑 𝑐𝑜𝑠𝑡𝑠 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑙𝑎𝑠𝑡 𝑦𝑒𝑎𝑟 = > £1000 (𝑐𝑎𝑛𝑛𝑜𝑡 𝑟𝑒𝑙𝑒𝑎𝑠𝑒 𝑒𝑥𝑎𝑐𝑡 𝑓𝑖𝑔𝑢𝑟𝑒) 

𝑄𝑢𝑎𝑙𝑖𝑡𝑦 𝑑𝑒𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡 𝑑𝑒𝑎𝑙𝑖𝑛𝑔 𝑤𝑖𝑡ℎ 𝑖𝑠𝑠𝑢𝑒𝑠 = > £600 𝑝𝑒𝑟 𝑖𝑠𝑠𝑢𝑒 

Possible Reasons for this issue 
When initially discussed and thought about, a range of factors could be contributors to the problem 

at hand, these include: 

1. Hose Stretching/Shrinkage – EPDM hose is proned to stretching. Especially when operators 

are not taking care when laying the hose into the fixture they will stretch it and if left to sit in 

the fixture it will shrink and be forced off the connector. 

2. SOP Documentation – if the documentation provided to the operators is not correct and 

does not specifically specify that the hose needs to be fully inserted up to the shoulder of the 

connector, the operators will not do so.  
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3. Training – even though the SOP documentation is provided for the operators to read at all 

times, they are all firstly trained by a qualified trainer within the business. If the standard of 

training provided isn’t up to scratch then problems like this could be easily brought about. 

4. Operator Negligence – with all manual tasks there is a margin for human error. If the 

operators are not concentrating or have a lot of presson them to hit production targets, the 

chance of them not completing operations is very high. 

Actual Reason for the issue 
The reason why this issue was occurring could be all of the above variables on more. But the main 

issue is that before  now these failures modes haven’t been taken into account. With these not being 

taken into account no countermeasures have been implemented to protect the customers and Kautex 

from this failure mode.  

Defined Trial problem part  
It was decided that the initial idea developed by the ME team would be 

trialled on a problem fixture that has a very simple assembly operation, 

which is the Leoni fixture, this produces the Tailgate Wash Hose 

Assembly for the Volvo V316 Project and is produced under the Part 

number 1052333. This part incorporates 2 X Voloplast Quick Fit 

connectors (1032471) and 1 length of EPDM Hose (1018503).  When the 

Idea is finalised and has the buy in from the company it is planned to be 

rolled out onto all new project fixtures and also retrofitted on all current 

problem fixtures.  

The team and I thought that this fixture was the most suitable fixture to 

trial due to many positive attributes it has in giving a good 

representation of the Poke Yokes ability. These include: 

1. It is one of the fixtures/parts where the problem has originally occurred. 

2. It has the most recent customer QDR against it and the company needs to implement a 

control measure for it quickly in order to maintain good customer relations. 

3. It is a very simplistic design which poses no real challenge to the modification process.  

4. It has a very high demand for parts against it for the foreseeable future (83570 for this year), 

this will allow the ME team to gain a realistic idea of the designs capability and test its 

durability. 

5. It already incorporates the leak test operation and the pneumatic system pre-installed onto 

the fixture which can easily be tapped into in order to include the Poke Yoke into the system.  

6. There is also lots of free space available of the fixture for the Poke Yoke to be included 

without interfering with the operation at all.  

Goal  
With this being the fixture selected for trial, my goal was to implement a robust control measure that 

will ensure that 100% of parts produced will be within the correct Hose-Over-Connector insertion 

tolerance of 1 mm + or – 1.  

It must also meet all specification points which I have outlined.  

I would ensure that I remained on target for planned completion by regularly reviewing my Project 

Plan very regularly and ensuring that all milestones set out were hit on time. If they were not 

alternatives recovery steps would then need to be out into place to gain the lost time back.  

Process Map  
It is essential that before going any further in the project that I understand the process. To do this I 

created a current state process map, which highlights each operation step by step, as well as all 

aspects that feed into the operation that need to be correct in order for good parts to be produced.  
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Customer Requirements Of The Control Measure  
In order to gauge the needs and wants of Kautex and the External customers it was essential to 

complete a 2 stage Characteristics matrix. 

This matrix allowed me to prioritise certain aspects of the design over other in order to meet all 

customer requirements and achieve overall satisfaction with all parties concerned.  
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Measure  
Before even thinking about implementing any process improvements/Poke Yokes it was essential to 

firstly gain an understanding of the current state of the process. To do this, the process and outcomes 

of the process needs to be measured in order to highlight/pin point the problem being faced. 

In order to do this it was decided that the process would be measured twice a week over the duration 

of  4 weeks. With these results, an average from each set of data would be collected in order to give 

an overall picture of how repeatable and reliable this specific assembly process is.  

The results from this table were then put into graphical form in order to give a visual representation 

of what was going on.  

The way in which this data was measured was the first 30 hose assemblies were taken off the line 

every Monday and Friday from a different operator every day to show if the process was reliable. 

Before being measured, the hoses were left for 30 minutes in order for them to relax. If it was reliable 

then the results would be very similar with every operator.  

The measurement device used in measuring the problem at hand was the QuickScope. This allows 

very accurate and precise measurements to be taken by utilising the precision camera.  

The factors that needed to be taken into account when undertaking this exercise were: 

• Operators Gender (Men usually Stronger than Women). 

• Age of hose used. 

• Relaxation time of the assembly. 

With all of these factors taken into consideration the process should still be able to produce good 

parts at the nominal lengths to the tolerance.  

 

The measurements process used was as follows: 

1. The QuickScope Measuring Device: 

 

 

 

 

 

 

 

 

2. Set up clamp:  
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3. Clamp hose assembly to bed: 

 

 

 

 

 

 

 

 

 

4. Set the camera axis to the connector edge: 

 

 

 

 

 

 

 

 

 

5. Set to zero and measure to the cut end of hose: 
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6. Note result in chart: 
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Analyse  
The results from the data collection exercise were:  

 

Day Of measurement Average length Calculated 

Week 1 – Monday  1.346 

Week 1 – Friday  1.174 

Week 2 – Monday  0.554 

Week 2 – Friday  1.099 

Week 3 – Monday  0.666 

Week 3 – Friday  0 

Week 4 – Monday  0 

Week 4 – Friday  1.647 

 

As seen in both Graphical data collected and the table of average results, the process clearly showed 

that the process cannot produce repeatable and reliable results. The averages should be showing at 

least a nominal result of 1mm but would’ve been even better if it was closer to the bottom tolerance 

to enable the assembly to withstand the greatest amount of water pressure when the CVS system is 

operated.  

There are many variables which can influence the results from this process and produce the problem 

at hand, these include: 

• The operator – could’ve been poorly trained/new and getting used to the process.  

• Stretched hose – if the hose is stretched then when given time to relax the hose can shrink 

and force the hose off of the connector slightly if left in the fixture. 

• Cycle Times -  being too short, so operators are rushed and cut corners.  

 

These results clearly prove that the process is not repeatable and there are many variable factors 

which have no control measure in place to counteract the problems being faced.  

This showed that a control device/Poke Yoke needed to be implemented to ensure that 100% of 

assemblies produced are at least within the tolerance parameters, more preferably right down 

towards the bottom end to give the best resistance to the water pressure.  
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Improve  

3 Solutions 
From all evidence gained and when consulting the process map and my senior members within 

the ME team I came up with three concepts which I believed would solve the problem faced ( all 

three ideas can be found through page 29 to 34 of Logbook). 

The first of these solutions was an air-sprung fork release which is retrofitted onto the existing 

pillars of the assembly fixture. The Poke Yoke feature would act in such a way that if the hose was 

not fully push over the connector (to within the specified tolerance) then the pneumatic circuit 

would not be complete, due to the fact that the air switch would not be triggered, which would 

then mean that the signal to release the assembly on the locking connector slide would remain 

closed until the operation was fully and correctly complete. When realising the assembly cannot 

be released the operator is then triggered to check the hose over connector joints and readjust 

until correct which will then mean that the assembly can be released once correct and within 

tolerance. 

The second of these solutions is an interpretation of an existing pump and hose assembly 

technique that is currently used in the factory but retrofitted across to this hose over connector 

operation, with a large impact on the footprint of the tool, due to the lever arm and slide needing 

to be fitted. This Poke Yoke feature works off of a leaver arm system which forces the operator to 

push the hose fully over the connector barb to trigger the pneumatic switch. This will mean that 

the signal to release the assembly on the locking connector slide would remain closed until the 

operation was fully and correctly complete. When realising the assembly cannot be released the 

operator is then triggered to check the hose over connector joints and readjust until correct 

which will then mean that the assembly can be released once correct and within tolerance. 

The third and final solution was reed switch Poke Yoke system. This system would be retrofitted 

to the existing pillars of the tool. It is a more complex system in comparison to the others in the 

way in which it would work. This system would work in such a way that there would be a reed 

switch mounted to the top of the tool post which would be connected to a circuit with a green 

and red light (pass/fail) the lights will remain red until the hose comes into direct contact with 

the reed switch which is set so that the hose will be over the connector barb and within the 

required tolerance. Once triggered the light will show green giving the operator an indication 

that the part is within tolerance and a signal will be sent to the locking connector slide to release 

the assembly fro the fixture.  

Once all of the ideas were finalised in their generation phase I then approached the companies 

subcontracted tool maker in order to gain quotations on what the cost would be for each 

modification, per pillar. He then came back with estimated quotations as shown below: 
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Evaluation of Solutions 
When all three solutions were finalised with all of the data collected for each I found it was then 

time to evaluate them against my specification in order to come to the conclusion as to which 

was the best fit in order to solve the problem at hand. The first evaluation method I chose was 

‘Pros and Cons.” This was due to the fact that I found it very effective previously in the project 

and it is a well known and highly supported evaluation method. When undertaking this I 

followed the exact same format as previously, but this time I chose to include all of the 

specification points being met by each solutions and positives and each specification point being 

missed as a negative. This process was done for each possible solution and then tallied up at the 

end to show the best and most high-ranking solution in accordance with the specification points 

(All 3 Pros & Cons Evaluation tables can be found 36 & 37 of the Logbook). 

I then went onto my second evaluation method, which was a Characteristic matrix for each 

possible solution. In this characteristics matrix I set the output variables to the specification 

points with a ranking of most important to least and the input variables to each aspect contained 

within the specification points. I then set a scoring system of: 

1- Being Good  

2- Being Satisfactory  

3- Being Bad 

This then allowed me to score each solution again in accordance to the specification but allowed 

me to delve deeper into what was required and whether or not the solution incorporated all of 

the most important points. This process was carried out for each possible solution and then 

closely deliberated by myself to come to the conclusion of which was the best and met all of the 

necessary requirements for the project to be a success (all 3 Characteristics tables can be found 

on pages 38, 39 & 40 of the Logbook). 

The third and final evaluation method I chose to use was Payback. This method allowed me to 

exactly calculate the amount of money being lost on a yearly basis due to this problem and how 

long it would take for the chosen solutions to pay for themselves by solving this problem and 

cutting out all additional unnecessary costs. From this calculation it then gave me the amount of 

months it would take for the modifications to pay for themselves and compare these figures to 

each other (All 3 payback evaluations can be found on pages 41 & 42 of the Logbook). 
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Finalising the Design of the Modification 
Packham Engineering Services had previously been made aware of the design concept due to the fact 

that William Davies had previously reached out to him in his project selection phase for initial 

estimates of cost for the Tooling modification. Alan Packham (Director of Packham Engineering 

Services) came into KHE to finalise the Poke Yoke design with William. They firstly went out onto the 

shop floor and surveyed the Hose assembly Fixtures that had the possibility of being selected for the 

modification and dimensioned them.  

Once Alan was happy with the overall fixture layout and shown the prototype which was developed 

by William the manufacturing team sat down with him in a meeting and discussed all of my 

requirements and provided him with the project specification. Everyone then agreed on what was 

required and Alan went away with the exact idea of what was required. 

He then was given a 4 day period where drafted the design on the SolidWorks Application. He firstly 

produced the 3D model in order to give the team a visual representation of what he had in his head 

and everyone was very happy with it and agreed that it was exactly what was required to counteract 

the problem at hand. From the dimensioned that he has gained, he then went on to convert the 3D 

CAD into a 2D engineering drawing and provided this to William in order to archive as a reference and 

to set the standard for the modification. As shown below:  

 

 

The design was then emailed to William Davies and it was circulated around the team for approval. 

The whole ME and Management Team were happy with the modification and approved this with 

Alan. Once approved Alan then confirmed he was happy to get involved with the project and produce 

and fit the required modification.  
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Gaining Quotation & Budget Code 
Alan was then approached by William and sent the fixture details and was requested to quote for a 

single initial trial Poke Yoke device. With him already having all of the CAD data and also the Specified 

material he was very quick in turning around the quote, which was received. 

This quotation was then forwarded to Stephen Mills for approval and the Budget Code was requested 

from him.  

He was very happy with the cost of the Poke Yoke including fitment to the fixture. He approved the 

cost and gave William the approval to use the Maintenance Budget code and instructed him to raise  

the order on that day. William then raised the order through the Sourcing system used in Kautex 

called Ariba.  

For the trail fixture this cost centre allocation was suitable but if when the Poke Yoke is fully approved 

and set as a standard, the cost will be absorbed by initial project start-up cost by the customer.  

Production Surveys 
It was necessary to gain feedback from the production team, so a survey was undertaken on the 

Volvo production line. In this survey 30 operators from the line and the team leader of these 

operators were asked “do you agree/like the fixture modification?” when shown the 3D CAD and also 

the rough prototype. Their replies were as follows: 

 

 

 

 

 

 

 

 

 

 

 

Reasons for the “No’s”: 

1. Operator 1 said that they think it is ‘pointless’ and ‘operator’s shouldn’t have a job if they 

cannot complete simple operations.’ 

2. Operator 2 said that they think it will increase cycle times so they cannot hit their targets. 

Team Leader – Overall Comment  

I feel that this would be a hugely beneficial change within the process and will be a great asset to the 

overall Poke Yoke system of the fixture. As a whole the operators also really liked the modification 

and feel that the change needs to come as soon as possible. It gives the operators the piece of mind 

that the part is made correctly and they will have no comebacks on themselves by following the 

process exactly. There are always going to be a few pessimists within the bunch but I would take their 

feedback with a pinch of salt. 

Do you agree/like the fixture modification?

Yes No
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As a team we all reviewed the result of the survey and were very happy with it. This gave us the 

confidence in the design and spurred us on to continue as we have been in order to implement this 

trail modification and hopefully roll out in the future.  

Poke Yoke Implementation  
With the positive feedback and overall production buy in William 

called Packham engineering services and confirmed that he had 

received the purchase order. They confirmed that they would be able 

to start the Poke Yoke manufacture 06/02/19 and confirmed delivery 

date and fitment for 11/02/19. 

When delivery date was confirmed William reached out to the 

planning department arranged a 1 hour timeslot for fitment of the 

modification and also production were given the heads up in advance 

in order for them to be able to build a months-worth of stock by 

running the job over 3 shifts instead of 1, due to the fact that the 

fixture will be out of serious production until signed off by all 

concerned parties. The contingency plan for this would be that the 

parts produced from the trail would be capable and would be suitable 

for production parts to make up and lost stock and to be able to meet 

delivery demands.  

Packham Engineering were closely monitored by the team and given daily updates on the 

manufacturing progress to ensure that they would meet the timescale. The Poke Yoke was complete 

and fitted 11/02/19 by Alan Packham with the support of William. When fitting the Poke Yoke, the 

fixture was removed from the line and put into the Manufacturing engineering Room where it can be 

monitored and trialled in a controlled environment and does not pose a risk to anyone’s personal 

safety.  

 

1 - Trialling Modified Fixture  
For the first Capability study of the modification it was decided that William would build the 30 parts 

required. This was so that the Modification could be tested in a controlled manner and there would 

be a guaranteed reliable result due to the knowledge of how to build the fixtures, no bias and also no 

time constraints against him. This also gave the team the ability to ensure that the modification was 

safe to use and did not affect the overall usability of the fixture.  

The 30 parts were run off and allowed time to relax. They were then transported into the CMM room 

in order to be measured (previously arranged access with the Quality department). It was then 

decided that the best method of measuring the very small gap between the end of the hose and the 

connector was the quick scope machine, the measurement process was: 

1. The small V-Block and Clamp were set up on the bed of the Quick Scope measurement 

machine. 

2. The Quick Fit Connector was then clamped onto the V-Block and the camera was then 

positioned so that the Y-axis was flush to the end of the connector.  

3. At that point it was then set to zero and the camera was moved across to the to the cut end 

of the hose along the X-axis. 

4. When moving it from one end to the other it allowed William and the Quality Technician to 

precisely measure the gap left by the Poke Yoke between the cut end of the hose and the 

Quick Fit Connector.  

5. The results were then noted into a table in preparation for the Capability test.  

The results of the first measurement exercise were:  
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Part Number  Hose Connector Gap  

 1 ± 1 

1 0.500 

2 0.860 

3 0.285 

4 0.350 

5 0.560 

6 0.721 

7 0.477 

8 0.540 

9 0.790 

10 0.701 

11 0.655 

12 0.423 

13 0.829 

14 0.410 

15 0.650 

16 0.650 

17 0.830 

18 0.639 

19 0.669 

20 1.070 

21 0.540 

22 0.599 

23 0.466 

24 0.734 

25 0.410 

26 1.070 

27 0.455 

28 0.720 

29 0.700 

30 0.460 
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The Capability test: 

The same measurement method used in measurement phase of the project.  

Capability Study Summary: 

When looking at the capability study results, it clearly shows that the process is capable.  

It shows that the CP & CPK values are leaning towards the lower limit of the tolerance, although that 

is what the aim was. This is due to the fact that the further the hose is pushed onto 

the connector barb the less chance and more resistance it will have to the water 

pressure forcing them apart. 

Going forward, as a team the Manufacturing Engineering department felt that the 

modification needed a slight adjustment to bring the hose down to the lower 

specification limits again. 

In order to push the capability results down towards the bottom tolerance of zero 

(has the most resistance to water pressure) it was decided that William himself could 

move the Pneumatic switch back a fraction so that the release tolerance is pushed 

closer to the bottom end. This will then fine tune the process and further include the 

quality of the parts produced by the fixture.  

 

SOP Modification  
With the initially successful trial results gained, it was decided that with the slight adjustment (shown 

above) the Poke Yoke system will be a viable counter measure for the problem being faced. With the 

modification being a permanent fix and now a part of the overall manufacturing process there was a 

need to update the Standard Operating Procedure documentation in order to incorporate the new 

fixture design change.  

The process of updating the instructions proved to be very straight forward and the only change that 

had to be made to the documentation was updating the image on the Visual Aid and a small 

adjustment to the text instructions attached to it. This was done by one of the team going out and 

gaining the SOP from the production line, highlighting the required updates, pulling the digital copy 

off of the shared Manufacturing Documentation drive, archiving the original documentation for 

traceability and making the specified amendments. Once they were then made the old document was 

replaced on the system and the new documentation was printed off and went through the approval 

flow of the Health and Safety Manager, Customer Quality Engineer & the Manufacturing Focus 

Factory Manager.  

The documentation once fully approved/signed off was scanned and PDF’d onto the shared 

Manufacturing Documentation drive as a back-up for the production line. Once this was done the 

team was able to reintroduce the documentation back onto the hose assembly line.  

 

2 – Trialling Modified Fixture  

With the slight adjustment to the Poke Yoke system it was necessary to re-trial/re-test the Poke Yokes 

capability.  

Knowing the modification was now very close to being a perfect fit/control measure it was decided by 

the team that the next trail was for an experienced trainer to build the parts. This would then give a 

more realistic representation of what the general operator population would produce using the Poke 

Yoke system but with the training being very experienced, there is a lessened chance of bad parts 

being produced.  
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With the trainers being regularly available, it was very straight forward in gaining their time to come 

off line into the controlled Manufacturing Engineering room and run off the 30 parts required to 

conduct the Capability study. 

Due to the effectiveness of the measurement process from the previous capability study  it was 

decided that the same process of utilising the Quick Scope machine would give the best and most 

repeatable results which would ensure conclusive evidence of whether the slight tuning was 

beneficial.  

The results from the second measurement exercise were: (Appendices 6) 

Part Number  Hose Connector Gap  

 1 ± 1 

1 0.5 

2 0.25 

3 0.35 

4 0.4 

5 0.26 

6 0.39 

7 0.42 

8 0.28 

9 0.36 

10 0.32 

11 0.29 

12 0.32 

13 0.28 

14 0.36 

15 0.23 

16 0.42 

17 0.23 

18 0.21 

19 0.36 

20 0.24 

21 0.37 

22 0.38 

23 0.26 

24 0.25 
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The Capability Test: 

The same measurement method used in measurement phase of the project.  

Capability Study Summary: 

This capability study shows a positive decrease in the defect “Part Per Million.” The graph shows that 

the very minor adjustment made improved the capability in the teams opinion, due to the fact that all 

values/measurements have been pushed further towards the bottom limit of Zero which would 

produce the most reliable assembly part. This meant that there were no further adjustments required 

on the modification.  

From these results it was concluded that the modification is Capable and safe to introduce 

reintroduce to the line. This approval was given by the Quality Engineering team and communicated 

back to the Engineering team through Daniel Phillips which is a Graduate trainee within their team.  

 

3 – Trialling Modified Fixture  

From the very positive result of the previous trial it was decided that the fixture could be 

reintroduced to the line. To ensure that the data collected gave a realistic representation of the 

Modifications effect on the Capability of the fixture, it was decided that the first 30 parts produced by 

the on-line operator would be Capability studied as a safe guard and final test for the Poke Yoke.  

These parts were collected and measured by William Davies and Roger James using the exact same 

methods from previous trials.  

The results from the third exercise were: (Appendices 7) 

25 0.48 

26 0.39 

27 0.32 

28 0.25 

29 0.34 

30 0.25 

Part Number  Hose Connector Gap  

 1 ± 1 

1 0.42 

2 0.24 



 20 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Capability Test: 

The same measurement method used in measurement phase of the project.  

Capability Study Summary: 

These results again showed the team that the modification was completely capable and will serve as 

the perfect control measure for the problem at hand. All of the results collected showed repeatability 

3 0.31 

4 0.46 

5 0.30 

6 0.33 

7 0.38 

8 0.34 

9 0.31 

10 0.37 

11 0.32 

12 0.24 

13 0.26 

14 0.28 

15 0.32 

16 0.26 

17 0.34 

18 0.40 

19 0.32 

20 0.26 

21 0.34 

22 0.40 

23 0.32 

24 0.28 

25 0.39 

26 0.34 

27 0.42 

28 0.34 

29 0.21 

30 0.28 
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within the process and all team Manufacturing Engineering team members were in agreement that 

the process can be fully signed and a perfect control measure. It was then necessary to gain cost 

breakdowns for other fixtures in preparation for the management presentation.  

Management Presentation of Project 

With all of the concerned parties sign off of the Poke Yoke modification the concept was nominated 

as a possible standard throughout the Kautex Organisation. William Davies was nominated by 

Stephen Mills to present the concept to the management team at KHE along with the Global 

Managing Director at Kautex.  

While presenting to the team William covered many areas, these included: 

1. Explaining the existing problem and how it had impacted the company. 

2. What control measure/ Poke Yoke had been implemented to counteract the problem. 

3. A video clip showing the modification working and how effective it is.  

4. The benefits of this change within Kautex’s quality. 

5. The potential of this Poke Yoke device and how it could help. 

6. If the system was selected to be a set standard, what areas could cost potentially be driven 

down. 

At the end of the presentation it was also informally discussed about the importance of the second 

pillar modification being implemented on the Leoni jig for a fully Poke Yoked assembly operation on 

the targeted part and to also be able to close out the QDR against it.  

When this was mentioned, the management team came to the conclusion that with the presented 

data that the second modification must go ahead as soon as possible in order to keep the customer 

happy, and prevent any further issues on that jig.  

 

 

 

Pillar 2 Poke Yoke Implementation  
With the approval from the management at KHE, Alan Packham was called and given the verbal go-

ahead to manufacture the second Pillar Modification whilst William Davies raised the order using the 

previous quotation and chased it through the external sourcing system at KHE called Ariba. When the 

order was fully approved and received by the tool maker, he confirmed the 

delivery date of 22/03/19.  

With this confirmed delivery date a verbal conversation between the 

Manufacturing and Engineering teams occurred which would enable the jig 

to be released from production for an hour, so that the modification could be 

fitted along with the documentation being updated.  

Once manufactured by the tool maker William Davies personally retrofitted 

the second modification to the tool post and connected it up to the 

pneumatic system. 3 assemblies were built and the total hose length was 

firstly measured to ensure that the Poke Yoke hadn’t altered the length. He 

then went onto measure the gap between the connector and cut end of hose 

to ensure that it was equally as efficient as the first. The result from the 

initial tests were: 
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Connector Gap  

Number Length 

1 0.29 

2 0.31 

3 0.36 

 

These results showed the team that the second fixture modification was capable and within spec, so 

no further tests were required.  

 

Second SOP Modification  

With the Modification completed, it was essential that the SOP was made to suit. This was very 

important due to the fact that all documentation provided to the production line must be up to date 

and communicate to the operator the exact procedure of using the tool provided to them.  

This was a very straight forward change consisting of a quick swap and change of images on page fur 

of the Visual Aid. The reason why the written instructions did not change was due to the fact that 

there was no physical change to the operating procedure.  

This change took a matter of minutes and the documentation was updated on the line at the same 

time as the fixture was being modified, resulting in very little impact to production time on the 

tooling.  

 

 

 

 

 

 

 

 

 

Hose Length 

Number Length 

1 1178 

2 1162 

3 1173 
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Control  
With the full implementation of the Poke Yokes the team decided that creating and implementing a 

control plan was essential to maintaining the standards within the project to ensure success.  

It was decided that one weeks worth of forms would be provided to the production line Team Leaders 

and stored at the front of the SOP’s and were to be filled out by each operator before the start of 

each run and will be reviewed each day by the team leader and representatives from the 

Manufacturing and Quality Engineering departments as a control measure for the implementation of 

the modification.  

 

 

 

Control Plan: 

  Months  

Actions  1 2 3 4 5 6 7 8 9 10 11 12 

Operator Start-Up Checks                         

TPM                         

Design Review                          

 

1. The operator start up check sheet must be populated on a daily basis and closely monitored 

by the Manufacturing Engineering team and adjustments can be made if and when 

necessary. 

2. The TPM on the modification will consist of the modification being fully stripped down and 

cleaned using the provided equipment, visually assessed for any wear or sharp edges and the 

pneumatic triggers checked to ensure that they are still in operational condition. Then the 

maintenance technician will rebuild them so that they are secure and then have the operator 

to check that they are satisfied with the work and then the jig can be released back into 

production.  

3. There will then be a design review 6 months into the implementation phase of the project 

where representatives from each departments involved will discuss any issues or slight 

changes are required to fine tune the modification.  
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Conclusion  
To conclude, this has been a very large and vital project within KHE and Kautex globally. Many 

different techniques and people were involved within all aspects of the project in order to take it to 

its completion date. Overall it is felt to be a great success and milestone which the Manufacturing 

Team at Kautex has overcome, resulting in a very robust process being implemented and avoiding 

large and serious consequences from customer related faults. All aspects of the project have gone 

ahead to plan with very little adjustment. Within the Automotive industries often fast paced and 

frantic environment it is very often that full project completion isn’t achieved and a quick fix is 

implemented, but this has not been the case. Each step of the project was completed to the highest 

standard achievable, with little to no points missed. This is why the result was one of the most robust 

process improvements implemented within the business in recent times. Not often that a project is 

implemented with little to no comebacks but this one most certainly has! 

Evaluation  
Comparison to the Specification: 

Specification Points Does it meet the Specification Reason 

Performance/Functionality Yes The implemented solution 

ensures that all operators 

push the hose over the 

connector barb and up to the 

shoulder of the connector 

with a gap less than 1mm. 

Reliability  Yes The solution ensures that 

100% of parts are within 

tolerance by not realising 

them until the set pneumatic 

switch is triggered.  

Operational Conditions  Yes The solution has had no 

effect on push forces. 

Scale of Operation Yes This solution can be 

retrofitted across any fixture 

within Kautex. 

Maintenance  Yes The implemented control 

plan specifies that all 

modified fixtures must be 

maintained and monitored 

on a monthly basis.  

Cost  1/2 The cost of fixture 

implementation cam in at a 

cost of £180 per fixture 

which is significantly under 

targeted costs and TPM also 

costs will be at it’s highest of 

£85.23 for the first year but 

will be decreased 

significantly in on going 

years.  
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Aesthetics  Yes The solution encompasses all 

specified materials and 

components in accordance to 

the specification. 

Ergonomics  Yes The solution has no effect 

whatsoever on cycle times or 

the complexity of the 

operation. 

Size/Weight Yes The solution attached onto 

original tooling posts which 

does not impact tooling 

footprint and weighs next to 

nothing and enables the 

fixtures to remain a 1 person 

lift. 

Capacity  Yes The solution is 100% 

accurate and checks every 

assembly which is produced 

to ensure it is within the 

specification limits. 

Health & Safety  Yes The solution runs of 2 bar 

pneumatic pressure with all 

edges/materials free from 

burrs and sharp edges, it also 

does not have any impact on 

the push forces which were 

within the specified limits 

before the modification, the 

fixture also remains a 1 

person lift due to the lights 

modification. All hand 

operations have not been 

effected and doesn’t increase 

the risk of injury when using 

the modified fixture. 

Legislation Yes The solution is within 

compliance of the Rula and 

KIM recognised standards 

within the Kautex 

organisation.  

 

When reviewing this evaluation, it was felt across all boards that the project has been a great success. 

Nearly every aspect of the specification was achieved with one slight issue around the cost of TPM on 

the fixture yearly. The reason why this is higher than the previously targeted amount is due to the fact 

that the spare piece part costs were absorbed by this and have taken a greater initial investment. In 

future years to come this will decrease due to having the spare parts already and only labour being 

the contributing factor to TPM costs. 
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