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[bookmark: _Toc195359119]Introduction
Safran Seats GB is an aerospace company that specialises in the production of commercial airplane seats. This project will be based within the Cwmbran factory, which focuses primarily on first class and business-class seats. Within the manufacturing unit, there are a range of commodities, such as machine shop that manufacture complex aluminium parts, sheet metal, vacuum form produces complex plastic parts, subassembly, and composite manufacturing of flat composite and plastic parts. This project will be discussing the use of the Mazak CNC machines within the machine shop. Currently, one of the problems within the company is the number of defective parts that are being picked up when they reach other departments for trimming and final assembly. These parts are then being picked up and discussed within the daily quick response quality control (QRQC) meetings, where they are being discussed between an engineer of each commodity. These issues will then be added to the ETQ software. This is a software where all defective parts will be added so that they can be traced, and then the engineer can create rework structures within the ERP system. Another one of the issues that is being discussed is the downtime on machines due to final inspection and first-off checks. Due to the sheer volume of parts that are being produced and the limited number of inspections, machine downtime can amount to hours, which then costs the company money just having the machine doing nothing. The potential benefits of this project would be an increased volume of parts being manufactured, a reduced time taken to manufacture parts, and a reduced number of defective parts, which will then increase profits. There are no real constraints on this project apart from the fact that it shouldn’t cost more money than the problem is currently, but this is obvious. The solution to this problem should achieve a significant reduction of costs due to downtime and defective parts. This can be measured using the poet system, which is currently in use. This is an OEE (overall equipment effectiveness) system that tracks the machines by using the three metrics availability, performance and quality.
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The process that each operator follows when operating a Mazak CNC machine starts with proving out the programme in safe manor, then after the part has been machined the operator will check it with handheld measuring instruments such as a vernier calliper, a micrometre or a depth gauge. The part will then be passed onto final inspection where they will check the parts using CMM machines, but this is only done for the first part that comes off the machine for that order so there could be as many as one hundred parts being manufactured on that machine that day or for that order. Due to the sheer volume of parts that require these inspections the machine will be stopped until the part returns. The remaining parts that are being manufactured are then inspected by the operator which creates a problem as it relies on the operator being competent to measure the parts using handheld measuring instruments. There are also features that cannot be measured using handheld measuring instruments. If required parts will be inspected after being treated due to slight change in dimensions but at this stage parts have already been machined therefore not really rectifying the issue at hand. This current process is not working as there is a high volume of parts arriving in the MRB department, this is due to ineffective measuring done by the operators which results in the problem being human error. It is unreasonable to expect the machine to produce completely consistent dimensions without adjustment to the tool offsets. This dilemma has resulted in increased costs to the business whether it’s a rework or a remake also it has cost the business time as the shipsets have specific deadlines therefore adding stress onto the business and delaying any future shipsets. This has been one of the root causes as to why current shipsets are running late. Shipsets being late can lead to additional costs given by the customer due to the contract agreements, so it is within the interest of the business to try and minimize delay on the shipsets as effectively as possible
[image: A project charter document with text and images
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The document above is the project charter that has been created by the team assembled for this project, as you can see this list all the current problems that are currently in machine shop alongside the expected outcomes of this project, risks and constraints and the scope. This gives the team a brief overview of the task at hand and what they’re limitations are. As the project charter outlines there has been a high number of defects and a high amount of downtime across the machine shop department and this has been an ongoing event, the expected outcomes is to rectify this as well as being cost effective. There are some constraints to this such as retaining the current software and not applying for any additional software from any other provider as this could raise a conflict, also no dramatic changes to the OEE system. The aim is also not to sacrifice any of the characteristics such as repeatability, accuracy or efficiency as these are the three characteristics that are needed to achieve the expected outcome.

[image: A blue and white table with text
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The table above is a SIPOC tool used to breakdown the current process in which machine shop is working to. This allows the engineers to have to assess the process and find the problems before going into an in-depth investigation and it will also give them a good idea of where they need to investigate further into. The main section of this SIPOC that the engineers will be the exchange between the operations department and the quality department. This is where the main issues are, these being this rate of defects and the downtime caused by FAI. There will be a brief investigation into the programming department to see if it is possible to improve any procedures within this process, although the programming team has undergone various advanced programming training provided by Hexagon.



[bookmark: _Toc195359121]Measure
  [image: ] (Safran Seats GB, 2024)
The above process map is the current up to date process for machine shop where the process starts with material being cut for the machine, programs are then taken from the network system to put into the machine ready for the first off machining where the operator will prove out the program and then put the first part into quality for a first off inspection. After the first part to be machined has been inspected and rectified if needed it is then the responsibility of the operator to keep the remaining parts to manufacture consistent using handheld measuring devices which can prove to be less accurate than using a CMM (coordinate measuring machine).

(Safran Seats GB, 2024)
The graph above illustrates the monthly rejected parts per million (PPM) against the total parts manufactured from 2024, there are some external factors at play from this data. During the time between August and November there was a large amount of movement within the department such as new machines being fitted into the area and machines were also being taken out, so the number of machines has changed and due to the movement production has been limited to whatever machines were still available. This would explain the differences in parts being produced as new machines were being brought in and older machines were gradually taken out. Downtime was due to first off checks for 2024 was recorded as 2085 hours and time spent on reworks or remakes was 74.5 hours. This accumulates to 2159.5 hours in total and considering that each house of downtime costs the business £36 an hour. This downtime has cost the business £77,742. As mentioned previously machine shop has received new machines which has increased capacity therefore this number could be even greater in coming years and in addition to that the cost of that the material needed for remakes has not been considered therefore creating an even larger cost. There are also the parts that end up in the MRB, but it has been decided that these will not be used as these parts are exposed to a range of external factor such as transport and other operators handling therefore in the purpose of this project only the data that has been recorded within the manufacturing unit will be used.
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(Safran Seats GB , 2024)
The above diagram is a fishbone diagram, this is used to outline basic causes of the problem in a very a simplistic way. As you can see the diagram shows a large amount of the causes coming from the operator of the machine and the process that is currently being used. From this diagram a large amount of the causes stem from human error, this is a common problem across manufacturing. It would be a good idea to try and reduce the margin for human error by reducing the responsibilities of the operator. The process also needs improving, especially the scheduling around FAI as this has caused a tremendous amount of downtime which has a large cost to it being the cost of having the machine on without manufacturing parts. Improvements could be made in terms of measurement as the quality department could be made larger to allow for a greater volume of parts being process reducing the downtime. Due to the new machines that have recently been acquired apart from tooling there would be very little to improve on. The environment does not need to be improved as it is an enclosed environment that has control measures in place such as ventilation and heat rods to allow for optimal conditions for machining. The material does not need to be improved upon as it has been certified before entering the stores’ location. 
[image: ]
(Safran Seats GB, 2024)
The above pareto diagram shows the monthly PPM, a pareto diagram display the data in cumulative order, prioritising the largest cumulative value to the smallest.  The diagram highlights that the lowest amount of rejected parts occurred between August and November which is around the same time as the movement of machinery this data isn’t very reliable as there was a fluctuation between the number of machines on the shop floor as there was a rapid increase followed by a slow decline. Therefore, this data will not be considered as it is not a fair representation of the efficiency of the workshop. If given a larger time frame for this project another recording over a six-month period would be beneficial as it would give a fairer representation of the performance of the new machines that have been recently acquired. The pareto diagram shows a large amount of rejected parts throughout the period of January to July which is concerning as this would have created a large cost to the business, accumulating a large part of the £77,742 operating cost from 2024. 



5 Why’s
1. Why is the machine on stop
→The first off part needs to be inspected by a CMM
2. Why is this taking so long
→FAI has other parts from other commodities to inspect
3. Why are there so many defects
→after the first off inspection remaining parts are inspected by the operator 
4. Why are the operator’s inspections insufficient
→Handheld equipment isn’t as accurate as a CMM and there is possibly a skill issue
5. Why are the operators inspecting the remaining parts
→If all inspections were completed by FAI the downtime of machines would be drastically increased and pressure upon the quality department would be increased
Above is the 5 why’s technique which is used to find root causes, it clearly outlines the fact that inspections done by the operator are insufficient. There are two factors that may cause this, first being that the operator does not have the sufficient skills to use the measuring devices provided or the measuring devices that are being used are not accurate enough to measure the desired tolerances or they are not appropriate for the features that need to be measured. There is the argument that handheld measuring devices are limited on measuring certain features that can only be achieved using a CMM. Understaffed quality department is also a root cause to this problem but solving this problem would be very expensive.
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Improve 
To improve the current process, it has been agreed upon by the team that there needs to be something implemented that would reduce human error as mentioned previously, this would entail removing responsibilities from the operator. One of the first suggestions was to add CMMs into the workshop for operators to use, this would be a very expensive investment only for the machines but also training each operator to use it, it would also be very time consuming and it wouldn’t be the most effective method as the operator would be measuring after the part is manufactured and unable to machine again. This gave the team the idea to utilise the Renishaw probes that have already been fitted into all new Mazak machines as standard. As the probes can measure the parts in the machine allowing for adjustment to be made to correct dimensions. The probes cost £2936.27 each and considering there are eleven Mazak machines currently in the workshop this has accumulated to an investment of £32,298.97 already made by the company. These probes are being use manually on occasion, but it would be a good idea to utilize them to justify the initial investment.
[image: ]
(Renishaw, 2001-2025)
From the above figure it provides the specifications of the probes, the probe can achieve a unidirectional repeatability of 1.00µm 2σ which is extremely good and adds to one of the outcomes that is trying to be achieved. The styluses can also be changed very easily depending on what type is needed. To fully utilize the probes, it is required that an additional software package would need to be purchased, fortunately the current provider Hexagon, provides a probing software that would allow for probing within the machine, this would eliminate the need for FAI before treatments or assemblies. This would therefore reduce the amount of downtime within machine shop and other commodities which is a bonus. Following this suggestion and after consideration of this idea it was decided that the team would investigate further into this. The team then proceed to reach out to hexagon to investigate how they’re software works and how much it would cost. A quote of £20,000 was given and this would include a new post processor for the machines, installation of the software package and training for the programmers, this is a very small price to pay to rectify £77,742 of costs to the company. Before a decision can be made Hexagon were asked to do some demonstrations. [image: ] [image: ] 
[image: ]  [image: ]
The figure above is a result of the demonstration performed by hexagon, using the probing software a part was manufactured and inspected to which the software then generated a report of the inspection and accurately show the deviation between features. Due to the current machines not having the new post processor Hexagon were unable to demonstrate the full extent of the software package. The demonstration that was held showed the engineers the capability of the probe and how the report system works. The report system will prove useful as it will allow for traceability of the parts and what they were measuring on the machine. The data shows some of the tolerances that need to be achieved, and they are small, this can prove difficult for operators using handheld measuring devices, especially when it comes to complex features and features that cannot be reached by standard measuring devices. The full software package would allow for the programmer to set tolerances for the probe to achieve, this will allow the probe to communicate with the machine. The process will be that the machine will manufacture the part and before it creates snap outs to take the part out of the machine the probe will measure all the features and then it will adjust the offsets on the machine to correct any deviation. As mentioned previously this will eliminate the need for an FAI therefore reducing downtime so that after the machine has manufactured the first part the remaining parts can be manufactured immediately after the report has been acknowledged.
[image: ] (Hexagon, n.d.)
Currently the probes are available to use manually with the assistance of the Renishaw inspect program which comes standard with the machine. This is very time consuming; this method can do everything that the software can, but it uses accurate coordinates to create point to inspect, this can become very complicated and wouldn’t be justified. Whereas the software uses 3D model data to accurately pinpoint coordinates to measure within the features. The use of the software is also safer as simulations can be run to make sure that the probe does not have a collision as the probes are very expensive to replace. Calibration of the probe can prove to be difficult using traditional methods but with the new software this can be achieved much faster and a lot simpler. To reduce the amount of first off parts that are machined undersized and are unable to machine further the operator will increase the tool offset so that the tool will be able to machine features after inspection so that there is excess material, if it is an internal feature, it will be smaller and if it is an external profile it will be larger.
The team had another suggestion which has very little cost, the suggestion was to improve feeds and speeds of the tool to achieve more consistent results. This idea unfortunately doesn’t meet all criteria’s but can still be used. An experiment was conducted where a 3D model was created of various sizes of H7 tolerance holes as seen below.
[image: ]
The experiment was carried out using 10mmH7, 16mmH7 and 25mmH7 holes using an 8mm endmill. The process was that the first hole would be machined, then measured so that the size could then be altered to the desired tolerance. The experiment was repeated three times with different speeds and feeds. The first experiment was using 0.03 feed per tooth (FPT) the second using 0.04 FPT and the third using 0.05FPT. 

[image: ]
From the data above collected for the 25mmH7 holes it clearly shows that 0.03FPT is the most consistent, but after continuous cycle the sizes are most definitely going to deviate.
[image: ]
The data for the 16mmH7 holes contradicts the previous data from the 25mmH7 holes, showing the most consistent results are coming from 0.04FPT. This could be linked to the size of the hole as the same size endmill was used for all three experiments. As mentioned before this will deviate further with continuous cycles. 
[image: ]
The data from the 10H7 holes shows that 0.04FPT is more effective that the other two parameters, although 0.03FPT is also very consistent. Both would be considered very positive. A conclusion to that would be to use a feed per tooth between 0.03 and 0.04. The consistency of machining shows a low tool wear as the machine does not account for tool wear when machining that meaning, when the tool diameter gets smaller the features that it is machining will gradually get bigger although there are other factors like the tool pushing off the material and consistency in the coolant. The team had decided after taking both solutions into consideration both will be implemented. The reason the team has decided this course of action is because the speeds and feeds solution can be implemented at virtually no cost, but it does not fulfil the objectives set out at the start of the project therefore, the probing software will be purchased and utilized. At this point in time the team are waiting for the provider Hexagon to come back with a date for installation of post processors on the machine and software on PC’s. When everything has been installed, and the programmers have received adequate training, various trials will be run so that the engineers can create new procedures for both programming and operating to utilize this new software to the full extent of its ability. This process will require a short time frame to develop. This new process could allow for operators to run multiple machines at once with very little defects, this would increase efficiency within the department which far exceeds expectations, but again this will need to be assessed by the engineers as it could either prove to be very effective or detrimental depending on the operator.
[image: ]
The process map above is the updated version after taking into consideration the new improvements. As you can see the verification step has been taken out as this is no longer needed due to the parts now being verified on the machine using the probes. This new development will not only drastically reduce downtime it will also improve consistency on the machine as now every manufactured part on a Mazak will be accurately inspected. 
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[image: A screenshot of a computer

AI-generated content may be incorrect.]To control the implementations that will be made, the team will use tools such as SOP’s. These will be created after various trial runs have been completed and a fair assessment can be made on what to add to the preexisting SOP. The updated SOP’s will include a calibration of the probes on every shift, instructions for running the new programs and error handling guide so that if in the rare occasion the probe has a collision the operator can fix the problem, but the maintenance team will be fully trained to do this also. To keep track of these procedures’ calibration logs will be created and added to each operator’s machine area. As mentioned previously sufficient training will be provided to the programming team by Hexagon so that the probes can be programmed correctly. A new standard of procedure will also be need for the programmers as currently the machines will manufacture parts then create snap outs so that the part can be manufactured in one operation, the snap out will need to be created after probing as the part cannot be machined after the snap outs have been created as this would launch the part out of the vice and cause damage. The new process would be to probe the part before snap outs are made. A new procedure will be made for the operators also, after the first part has been manufactured a report will be generated and then handed to an engineer so that it can be approved. These reports will then be stored on the network and will be needed to close manufacturing orders. Currently the team is trying to find a way to link the OEE system to these reports so that the performance can be recorded automatically and included in the daily KPI reports. 
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Recommended machine type  Unidirectional Transmission  Compatible Recommended

repeatability type interfaces* stylus length
OMP40-2  Small to medium machining centres 1.00 um 20 Optical OMI-2, OMI-2T, OMI-  Up to 150 mm
and small multi-tasking machines 2C, 0S| with OMM-2
OMP60 Al sizes of machining centresand  1.00 um 20 Optical OMI-2, OMI-2T, OMI-  Up to 150 mm
small to medium multi-tasking 2C, 05l with OMM-2
machines
RMP40, Al sizes of multi-tasking machines,  1.00 um 20 Radio RMI-Q or RMI-QE™ | Up to 150 mm
RMP60  machining centres and gantry
machines
OLP40  Tuming centre 1.00 pm 20 Optical OMI-2, OMI-2T, OMI-  Up to 150 mm
2, 05! with OMM-2
RLP40 Tuming centre 1.00 pm 20 Radio RMI-Q or RMI-QE™ | Up to 150 mm
P2 Tumning centre/grinding machine  1.00 um 20 Hard-wired HSl or HSI-C Up to 100 mm

LP2H Tumning centre/grinding machine 2,00 um 20 Hard-wired HSl or HSI-C Up to 150 mm




image7.png
Height

e i e
FesimelTyee Height = e | on
Number Of Touches 2
Programmed Dutmoce | 1475
Measured Disiance. | 147095
Foints
T e st R
X 2 2 o2 0w
o v o o Lo e o
z 182591 wsse I 0 | oo
x - 2 0 e
' v o o000 000 002 | on
z 197341 wos R o oo
Widh
e e
FesimeiTyee Wi = o1 o1
Number Of Touches 2
Featwre Side e
Dismee Ty xvz
B
Measured Disiance | 110614
Width.right.30.6
s e
FesimslTyps Wi = e | on
Number Of Touches 2
Featuwe Side ntemal
Dy xvz
Frogrammed Dumncs | 306
Measured Disiance. | 30.5238
Foints
Ao oo [ st R
X P 34278 e 0w
o v Agsise dgsisa | 0000 002 o
z 4459 aasss om0 00 0w
x 136289 sosc o | oo
' v Agsise dgsisa | 0000 002 0w
z 4459 aasss 00l 00 0w





image8.png
Width.right.13.9

T o P

N ot |3

gt boaas | 135

T TS O T T
X ) ER R T T

= v oo | oo | om
z ; “Soior — | s o0 | o
z T T
X » EOR T T

- s vy M ov | o
z o C S S T
T o

Width.left.30.6

= o P

N ot |3

gD |05

C T T
X S o

i) T
z R S TS
z [ Eraam
¥ e o 0w o

- s oo | o
z W e an
T o

Widthleft13.9

= = P

N ot |3





image9.png
[Ty
N T I T T T
¥ - Sawn oo oo
S i ey | o | e o
2 o omor | aon | an o
T T T
X - s o an | on
- s s N oo o
z 0 [ S TR
G o
Are.3
T T
Namber Of Touches n ooy N 0 | on
Tomsie e | i N 0w o
T " e T R T
=
Norbert T |4
T’
==
Norbert T |4
T "
==

Nombr O Toies | 4





image10.png
DIGLEFT
T e
Tt | Ot | Loin
T e i T T
Toume s || s e ST
it |10 |
e i | 50136 | oo [ 03
iy oo
Colnder D10 Right
T o
Tt | e | Lo
Nmiortoaie || oy
T
it |10 e I
Oy oo




image11.png
Process validation - Complex CNC machining operations can now be easily validated with in process
measurements. Manufacturers who are producing high value parts can quickly and easily develop
probe path and integrate measurement cycles with machining cycles. EDGECAM Inspect provides a
comprehensive set of geometric features and constructions for measuring part characteristics such
as webs, pockets, thickness and heights while the intuitive user interface and work flow allows the
user to seamlessly transition from programming CAM cycles to measurement cycles.

Probe calibration - Algorithms in EDGECAM Inspect offer the user several choices when calibrating
the probe for measurement tasks. Whether the application requires ultimate accuracy o speed and
versatility, EDGECAM Inspect has it all. Proprietary algorithms for managing probe radius
compensation in every measurement scenario ensures the user of the integrity of the measurement
results under multi axis measurement scenarios. All while maintaining independence of the probe
manufacturer installed on the machine tool.

Programming environment - EDGECAN Inspect is the ideal environment for the CAW programmer to
develop machining and probing cycles in one output file. Because the inspection workflow is tightly
integrated into the EDGECAM workspace, the transition from machining to measuring and back again
s seamless. Whether stitching together probing and machining cycles for the purpose of automating
part setup, managing stock for roughing operations or final part acceptance, EDGECAM Inspect
provides a single programming environment for managing all aspects of the machining process.

Interactive results - Feedback is provided in the form of CMM style report templates along with
graphical, color coded deviation information that is displayed on the CAD model. EDGECAM Inspect
also provides a useful results simulation capability that allows you to produce simulated results
offline from the machine giving you the opportunity to tailor your reports without having to be
connected to the machine. Flexible tolerancing options allow for full reporting of measured
characteristics with a pass/fail evaluation.

Feature set - Using our feature recognition tools, EDGECAM Inspect helps optimise the programming
process by allowing the user to program multiple features with a single mouse click. The EDGECAM
Inspect feature set provides the following features and part characteristics:

+ Points and point arrays - evaluate simple axis deviation, material condition or profile with single
or multiple point functions.

+ Circular - Whether internal or external, EDGECAN Inspect has the ability evaluate bores and/or
bosses for size, location and/or form.

+ Planar - Measure planar features with an option to report location and/or form.

+ Web/Pocked - Measure thicknesses and widths with caliper like functions.

+ Orientations - Report characteristics like angles between features or angle to an axis
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All CNC machine operations (Probing, Machining, Set up time, defect rate)

Calibration logs, standard calibration programs, probe quality check

CNC operators, Managers, Manufacturing engineers

Daily checks and weekly audits

Any deviation that is detected- first re-calibrate failing that call in maintenance team





