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[bookmark: _Toc130472726]Introduction

Forged Solutions produce high integrity forged materials for the aerospace, mining, oil, gas, energy, and defence markets. It has several locations in the United Kingdom (Blaenavon, Meadowhall, Darley Dale, River Don), as well as American partners. The Blaenavon site has the following facilities: 125 Ton and 250 Ton ring mill, 5 Ton hammer, 5600 Ton press, Closed die press, expanders, CNC machines. Furthermore, in-house testing, such as hardness test, etch inspection, as well as dimensional inspections, such as Faro arm and CMM.



I. [bookmark: _Toc130472727]Define
[bookmark: _Toc130472728]Problem Statement

One of the company's major customers is a company called GKN, for which Forged Solutions manufactures turbine blades. This is a high-volume project.
The manufacturing process of the product has been changed for cost reduction and efficiency. This means that the number of operations has been reduced and the method of raw material preparation has changed.
The forging process for GKN products has changed. The size of the bars required for forging has changed from 53mm diameter to 153mm diameter.
Previously these were purchased cut and radiused. This is now required to be cut and radiused internally to reduce costs.
Billets required to have radius to avoid forging defect during the closed-die process.
The goal is to achieve to have a symmetrical radius on the billets without any sharp edges.
To achieve a good radius the billet ends cannot be too out of square. Out of squareness would affect the machine radius cutting, which means the radius on the billets wouldn’t be symmetrical (Appendix VII).
Two saws are used to cut the billets to size, one is the Kasto and the other is the Pegas. Both have similar capacity and features. Billets are sawn on an auto feed saw and radiused on an NC lathe. This trial is to establish process capability of the saws and to determine what can cause billets not to be square. The non-squareness of the billets can have an influence on the closed-die forging process of the products.
The squareness and the thickness of the billets are measured to try to understand the trend. If these changes caused by the usage of the blades or it caused be the actual sawing machine. To find the actual reason for that problem would help to put in place the right corrective action.

As it can be seen from Table 1, the overall loss for LB00083 part was £4,560 in 2022 and 2023. The non-conforming rate was significantly lower when the billets were purchased cut and radiused and also the scrap rate was 0%. The non-conforming rate for LB00283 in 2022 and 2023 was 9.18% which can be considered really high. The total loss for this part was £18,401 including £8,910 rework cost and £9,491 scrap value.  
In order to ensure the sustainability of the new process, it is essential to reduce the non-conforming rate to a minimum.

	Non-conforming billets costing

	 
	Part number

	
	LB00083
	LB00283

	2022
	2960
	571

	2023 (ytd)
	N/A
	1095

	Billet value/ part
	 £             583.00 
	 £                       451.96 

	Overall produced billet value
	 £ 1,725,680.00 
	 £               752,963.69 

	Number of non-conforming billets
	114
	153

	Percentage of non-conforming billets
	3.85%
	9.18%

	Number of reworked billets
	114
	132

	Rework hrs required/billet
	1
	1.5

	Rework cost £/hr
	 £               40.00 
	 £                         45.00 

	Total rework cost
	 £         4,560.00 
	 £                    8,910.00 

	Number of scrapped billets
	0
	21

	Scrap rate
	0
	1.26%

	Total scrap value
	 £                      -   
	 £                    9,491.14 

	Total loss (YTD)
	 £         4,560.00 
	 £                 18,401.14 


[bookmark: _Toc130469504]
Table 1 - Non-conforming billets costing

The project charter, which can be found in Table 1, summarizes the project statement, its goals and benefits, as well as the responsible persons and the planned and actual time of execution of the planned operations.
[bookmark: _Toc130469505][image: ]Table 2 - Project charter



The pre-process map in Figure 1 shows that the original process contained 47 steps

[image: ]
[bookmark: _Toc130308641][bookmark: _Toc130746461]Figure 1 - LB00083 process map (pre-process)




Changing the process and shortening it from 47 steps to 30 (Figure 2) not only resulted in simpler production and shorter lead times, but also resulted in an 11% reduction in costs.

[bookmark: _Toc130308642][bookmark: _Toc130746462][image: ]Figure 2 - LB00283 process map (new process)


II. [bookmark: _Toc130472729]Measure
[bookmark: _Toc130472730]Perform Measurement System Analysis


According to Feldman (2018), an MSA study is necessary to determine how reliable the measurement system, which measures the process, product, people, etc., provides. In this case, a Gage R and R study was conducted, which studies so-called continuous data. Continuous data are quantitative data that can be measured with units.
During an MSA study, the following perhaps most important characteristics can be answered. Repeatability, which seeks an answer to the question of whether the same person, measuring the same unit several times with the same measuring device, will get the same result. In the case of reproducibility, several participants measure the same unit with the same measuring device, several times, then they get the same result. In the case of stability, how stable are the changes in the measurement system.
Billets LB00283 were used during the Gage R and R study for this project. The study involved 3 participants who measured the same 10 bills three times using the same tools.
To determine the squareness a 90-degree plate was used for which DTI gauge was secured, so the measurements could be made relatively easily and quickly (Appendix IV)
During the determination of squareness, a point was marked on each billet, which was then measured three times by all three participants ensure that the same points were compared.
Height gauge was used to determine the thickness and vernier gauge to determine the diameter. Furthermore, the billets were measured in random order on all three occasions.

The following Data collection plan summarizes the data collection and the method. (Table 1 – Data Collection plan) 

[image: ]
[bookmark: _Toc130469506]Table 3 - Data collection plan

[bookmark: _Toc130472731]Squareness measurement

As can be seen from the Gage R & R study performed on squareness (Figure 3), the measurement system is not acceptable, since the largest variation is not the Part-to-part component. The largest variation is observed for the Gage R & R and Repeat components. 
From the R chart for the operators, it can be determined that none of the operators measured the billets consistently. This can be inferred from the fact that some measurements fall above the upper limit (UCL) as well.
The Xbar chart examines part to part variation in terms of repeatability. In the best case, the control limits move in a small range, with many points different from the limits, which indicates that the measurement system is functional, with not significant variation. However, in this case, it can be seen from the chart that the control limits are relatively wide and only a few points fall outside the control limits, which indicates that the measurement system is not working properly. At the same time, relatively large differences can be discovered between the operators' measurements.
The squareness by billet number figure contains the measurement results for each billet, the average of which is shown by the continuous line. It can be seen from this that there were large measurement differences in the case of some billets.
The box chart shows all the data measured by the operators, which in this case does not show a big difference between the three operators.
The part * operation interaction chart shows how the measurement results of the operators differ for each billet. In the case of squareness measurement, many differences can be seen between the results of the three operators.

[image: ]
[bookmark: _Toc130308643][bookmark: _Toc130746463]Figure 3 - Gage R&R Report for squareness

So, as Table 3 shows in more detail, the measurement system is not functional, since the Part-to-part component should account for the largest percentage, which in this case is only 44.07%. Which indicates that changes to the measurement system are necessary.

	[image: ]



[bookmark: _Toc130469507]Table 4 - Gage R&R Variance components for squareness
The gage run chart below (Figure 4) shows the difference between the billet-by-billet measurements of the three operators. The largest deviations in measurements can be observed in the case of the first and second operators.

[image: ]
[bookmark: _Toc130308644][bookmark: _Toc130746464]Figure 4 - Gage run chart of squareness by billet



[bookmark: _Toc130472732]Thickness measurement


The Gage R and R study (Figure 5) on thickness indicates that the measuring system worked acceptably as the Part-to-Part was the largest variation.
It can be determined from the R chart that the measurements of the first operator were the most consistent, while the second operator measured the least consistently.
The Xbar chart shows that the measurement system worked well. This is indicated by the narrow limits and the many points protruding outside the limits.
The thickness measurement for each billet shows that the measurement system has a low variation, since the measured points are close to each other, only four measurement values differ significantly from each other.
The box chart of the measurements of the three operators shows that the measurements of the first two operators ranged within similar limits, while the measurements of the third operator ranged widely.
In the last figure, the operators measured similarly in the vast majority of billets.
So, it can be said that the measurement system was more reliable when measuring the thickness.

[image: Chart, box and whisker chart
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[bookmark: _Toc130308645][bookmark: _Toc130746465]Figure 5 - Gage R&R report for thickness

As the table below (Table 4) for the components indicates, the measurement system can be considered functional, since the Part-to-part component accounts for 83.54%.

[image: ]
[bookmark: _Toc130469508]Table 5 - Gage R&R variable components for thickness

The gage run chart below (Figure 6) shows the difference between the billet-by-billet measurements of the three operators. The largest deviations in measurements can be observed in the case of the first and second operators.

[image: Chart, scatter chart
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[bookmark: _Toc130308646][bookmark: _Toc130746466]Figure 6 - Gage run chart of thickness by billet




[bookmark: _Toc130472733]Diameter measurement

The R chart reveals (Figure 7) that the operators' measurements cannot be considered consistent when measuring diameter, just like when measuring squareness, because the range between the lower and upper limit is wide.
As already mentioned above, the Xbar chart examines the individual differences from the point of view of repeatability. In the best case, the control limit values move in a small range, deviating from the limit values by many points, which indicates that the measurement system is functional, with no significant deviations. As in the case of squareness, it can be seen that the control limits are relatively wide, and only a few points fall outside the control limits, which indicates that the measurement system is not working properly.
From the part graph, it can be determined that the measurements per billet differ in many cases.
The box chart shows that the measurements of the three operators are in a similar range, with a larger difference in the average value established for the first operator.
The last figure shows how operator measurements differ for each billet.

[image: Chart, box and whisker chart
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[bookmark: _Toc130308647][bookmark: _Toc130746467]Figure 7 - Gage R&R report for diameter

The first part of the above figure, which indicates the component variations, shows that the Part-to-part component forms the largest percentage, namely 66.51%, according to which the measurement system is acceptable (Table 5).

[image: ]
[bookmark: _Toc130469509]Table 6 - Gage R&R variance components for diameter
The Gage run chart below (Figure 8) shows the measurements of the operators in more detail, from which the large differences between the individual operators can be determined.

[image: ]
[bookmark: _Toc130308648][bookmark: _Toc130746468]Figure 8 - Gage run chart of diameter by billet


[bookmark: _Toc130472734]Data Collection and Assess Process Capability

Due to changes in the production process and steps, the raw material is not purchased pre-cut to size. Bars are cut to size and radius cut with CNC machines in-house. During this process, it is important that the billets have the right weight, diameter, and squareness.
Due to the age and technical shortcomings of the sawing machine, the billets are not always perfectly square.
To determine the degree of squareness and to determine the tendency of deviations in squareness, several billets were measured.
Two types of billets were used during the measurements. One billet is the so-called LB00280, the other LB00283. The only difference between the billets is the thickness and thus their weight, the diameter remains unchanged.
During the first measurements, LB00280 was used, and 42 billets were measured.

Process capability actually tries to determine whether a certain production process is capable of producing products that meet the conditions, it does all this with the help of collected data. This study can determine whether the new production process will be suitable for use in production. The Cp index is the potential process capability, i.e. how well a process can work if the conditions do not change. If this value falls below 1, the process is not good or not feasible. If the value falls between 1 and 1.33, the process is hardly feasible. A value above 1.33 qualifies the process as suitable.
The difference between potential process capability analysis (Cp, Cpk) and actual process performance analysis (Pk, Ppk) is that the former tries to predict, while the latter evaluates how the process has performed in the past in the longer term. (1Factory, 2023)
As Ted Hessing (2023) states the ‘k’ stands for ‘centralizing factor.’ The index takes into consideration the fact that your data is maybe not centered.

[image: Chart, histogram
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[bookmark: _Toc130308649][bookmark: _Toc130746469]Figure 9 - Process capability report for squareness


As shown in Figure 9 process capability report contains the data for LB00280 squareness.
As previously mentioned, a DTI gage attached to a 90-degree plate was used to measure the squareness. During the measurements, both sides of the billets were measured and striving for the worst, that is, to find the biggest differences.
The lower limit was set to 0 mm and the upper limit was set to 1.5 mm. The value of Cpk is 0.54, which shows that the process is not feasible. Furthermore, it can be stated that 19.05 % of all observed billets fell above the Upper limit and 0 % fell below the Lower Limit.
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[bookmark: _Toc130308650][bookmark: _Toc130746470]Figure 10 - Process capability report for stacked thickness


As shown in Figure 10 process capability report contains the data for LB00280 stacked thickness. During the measurement, each billet was measured at 4 points at an equal distance apart. The values obtained were stacked, so the Sample Size is equal to 168. CPK in this case is 0.93, which means that process is not likely to be implemented.
It can also be concluded that 0 % of all observed billets fell above the Upper limit and 2.98 % fell below the Lower Limit.




III. [bookmark: _Toc130472735]Analyse


From Figure 11 depicting the deviation of the billet squareness from the nominal value, it can be concluded that before the service, a large percentage of the billets were above the upper limit. The upper limit of squareness was defined as 1.5 mm. The average value of the squareness is also above the upper limit.



[bookmark: _Toc130308651][bookmark: _Toc130746471]Figure 11 - Squareness deviation before service



The Figure 12 below shows the deviation from the nominal value of the thickness before the service. The upper limit was set to 1, the lower limit to -1. It can be concluded that a significant part of the measured values are outside the lower limit. A significant difference can cause billet non-conformance due to low weight.



[bookmark: _Toc130308652][bookmark: _Toc130746472]Figure 12 - Deviation from nominal thickness before service



As the next step, a normality test was performed for squareness and thickness.
As it can be seen from Figure 13 the squareness measurements before service are not normally distributed. 

[image: ]
[bookmark: _Toc130308653][bookmark: _Toc130746473]Figure 13 - Probability plot of squareness before service

Also Figure 14 shows the data for nominal thickness are not normally distributed either.
As the P-value less than 0.05 in both cases mean that there is statistical evidence to reject null hypothesis.
[image: ]
[bookmark: _Toc130746474]Figure 14 - Probability plot of deviation from nominal thickness before service











IV. [bookmark: _Toc130472736]Improve


The help of the saw service company was requested to determine the root cause of the problem with the saw. After the service, cutting tests and setting changes, it became certain that the problem is with the feed rate setting of the saw. As defined in the FMEA (Appendix II), one of the potential problems can be improper determination of cutting parameters, including improper determination of material, which may result in improper feed rate settings. Because the billets were not cut at a speed suitable for the material (Appendix V). Since this type of material is new, the settings of the material most similar to it in composition were used on the machine.
The graph below (Figure 17) shows the squareness measurements before and after servicing the saws and changing the feed rate. The graph shows the total billets measured by both saws. It can be concluded that before changing the feed rate, there were large variations in the squareness of the billets and the billets were non-conforming, the worst measured squareness was more than 6 mm. After slowing down the feed rate (Appendix VI), the variation decreased, and the maximum measured squareness was 1.2 mm.
It can be said that slowing down the speed shows a huge improvement.

[image: Chart
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[bookmark: _Toc130308657][bookmark: _Toc130746475]Figure 15 - I chart of squareness by before/after service

In Figure 18, the deviation from the average thickness can be observed, taking into account both saws. It can be seen that in the case of a high feed rate, the variation is large and in quite a few cases the billets are non-conforming. At a low feed rate, the thickness of the billets is steady, moving in a low range and all are conforming - the thickness of three billets fell below the minimum limit, but their weight met the requirements.
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[bookmark: _Toc130308658][bookmark: _Toc130746476]Figure 16 - I chart of deviation from nominal thickness by service


In order to monitor the process and compare the two saws, LB00283 billets were used and measured.
Figure 19 shows how wide the range of squareness before the service is, the upper limit of which is below 3.5 mm. However, after the service, the values are steady, consistent and the upper values remain below 1.3 mm.

[image: Chart
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[bookmark: _Toc130308659][bookmark: _Toc130746477]Figure 17 - I chart of squareness by before/after service (LB00283)



The comparison of the two saws after service (Figure 20) can be seen in the figure below. Both Kasto and Pegas cut the same type of billet (LB00283) to size, both with several batches. With the help of an operator, the first and the last batch were measured, each batch containing 15 billets. From the chart, it can be determined that in the case of both saws, the largest deviation in squareness was 1.2 mm, and the variation also moves within a narrow range, so all billets are conforming.

[image: Chart
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[bookmark: _Toc130308660][bookmark: _Toc130746478]Figure 18 - I chart of squareness (LB00283) by saw


The figure below (Figure 21) shows the extent to which the billets deviate from the nominal value of thickness. In the case of Pegas, every single billet is within the limit value, all conforming. On the contrary, with regard to Kasto, 4 billets fall below the minimum value, however they are conforming as they reach the specified weight.

[image: ]
[bookmark: _Toc130308661][bookmark: _Toc130746479]Figure 19 - I chart of deviation from nominal thickness by saw (LB00283)


The results of the statistical test employed indicate that the squareness and thickness data following the changes (Figure 20 and Figure 21), more closely approximates a normal distribution that prior to the service.
[image: ]
[bookmark: _Toc130746480]Figure 20 Probability plot of squareness after service
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[bookmark: _Toc130746481]Figure 21 - Probability plot of deviation from nominal thickness after service



So overall, it can be said that both saws produce conforming billets.
The next step in production is the radiusing of the billets with a CNC machine. A form was prepared for the operator performing the operation - which can be found in the Appendix I- and filled in during the radiusing of the billets. A simple form that is meant to establish that the 4 batches that are tracked are conforming.
All 4 batches, i.e. 60 billets, were conforming during machining.




V. [bookmark: _Toc130472737]Control

Further monitoring of the sawing process is essential because any deviations can be easily noticed and corrected.
In order to facilitate the monitoring of the sawing process, an SPC chart board (Appendix III) will be placed for each saw in the saw shop.
These SPC chart boards will show the current work order, billet numbers and the limits between which the values must be for thickness and squareness. The operator must measure each billet for thickness and squareness. In this way, the operator can simply place points for the values belonging to each billet and notice any deviations. If the deviation indicates an increasing trend, the operator must notify the supervisor and the technical department. In this case, the sawing process should be suspended while the process error is investigated. Based on the collected data, a maximum squareness tolerance of 1.5 mm was established.
Continuous data collection and monitoring is essential for the operational sustainability of the process.
Furthermore, the CNC operators performing the radiusing of the billets will still need to fill out the form for each billet.


[bookmark: _Toc130472738]References

· 1Factory (2023) Process Capability Analysis Cp, Cpk, Pp, Ppk - A Guide. Available at: https://www.1factory.com/quality-academy/guide-to-process-capability-analysis-cp-cpk-pp-ppk.html#:~:text=In%20general%2C%20the%20higher%20the,2.00%20or%20higher%20where%20possible. (Accessed: 01 March 2023)
· Hessing, T. (2023) Process Capability (Cp & Cpk). Available at: https://sixsigmastudyguide.com/process-capability-cp-cpk/ (Accessed: 01 March 2023)
· Feldman, K. (2018) Measurement System Analysis (MSA). Available at: https://www.isixsigma.com/dictionary/measurement-system-analysis-msa/ (Accessed: 01 March 2023)




2

[bookmark: _Toc130472739]Appendices
[bookmark: _Toc130472740]Appendix I: Radiusing form for LB00283 billets (part 1)
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[bookmark: _Toc130308662][bookmark: _Toc130746482]Figure 22 - Radiusing form for LB00283 billets (part 1)
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[bookmark: _Toc130308663][bookmark: _Toc130746483]Figure 23 - Radiusing form for LB00283 billets (part 2)
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[bookmark: _Toc130308664][bookmark: _Toc130746484]Figure 24 - Sawing FMEA (part 1)
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[bookmark: _Toc130472742]Appendix III: Squareness monitoring SPC chart


[bookmark: _Toc130308666][bookmark: _Toc130746486]Figure 26 - Squareness monitoring SPC chart

[bookmark: _Toc130472743]Appendix IV: DTI gauge tool
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[bookmark: _Toc130746487]Figure 27 - DTI gauge tool used to measure squareness


[bookmark: _Toc130472744]Appendix V: Billet cut on high feed rate
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[bookmark: _Toc130746488]Figure 28 - Billet cut on high feed rate



[bookmark: _Toc130472745]Appendix VI: Billet cut on low speed rate
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[bookmark: _Toc130746489]Figure 29 - Billet cut on low feed rate (a)
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[bookmark: _Toc130746490]Figure 30 - Billet cut on low feed rate (b)


[bookmark: _Toc130472746]Appendix VII: Billet out of squareness
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[bookmark: _Toc130746491]Figure 31 - Billet out of squareness
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Gage R&R (ANOVA) Report for Squareness
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Gage R&R   Variance Components  

Source  VarComp  %Contribution   (of VarComp)  

Total Gage R&R  0.0237737  55.93  
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      Operator  0.0007980  1.88  
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Process tolerance = 2  
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Gage R&R (ANOVA) Report for Thickness
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Gage R&R   Variance Components  

Source  VarComp  %Contribution   (of VarComp)  

Total Gage R&R  0.0052169  16.46  

    Repeatability  0.0050151  15.83  

    Reproducibility  0.0002018  0.64  

      Operator  0.0002018  0.64  

Part - To - Part  0.0264705  83.54  

Total Variation  0.0316874  100.00  

Process tolerance = 2  
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Gage R&R (ANOVA) Report for Diameter
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Gage R&R   Variance Components  

Source  VarComp  %Contribution   (of VarComp)  

Total Gage R&R  0.033925  33.49  

    Repeatability  0.033925  33.49  

    Reproducibility  0.000000  0.00  

      Operator  0.000000  0.00  

Part - To - Part  0.067375  66.51  

Total Variation  0.101300  100.00  

Process tolerance = 3  
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Process Capability Report for Squareness

Process Data

Lst 0
Target -

st 15
sample Mean 103214
sample N a2

StDev(Overall)  0.54222
StDev(Within) 0.290607

0.0

performance
Observed  Expected Overall
% < LsL 0.00 285
9% > USL 19.05 19.41
% Total 19.05 2226

The actual process spread is represented by 6 sigma.

Overall Capal
Pp 045
PPL 063
PPU 029
Ppk 029
com

Potential (Within) Capal
o 08
L 18
U 054
cpk 054




image15.png
Process Capability Report for Stacked thickness

st u
Process Data i
st 102 j
Target - 1
st 104 |
Sample Mean  103.004. i
Sample N 168 i
StDev(Overal) 0451214 |
0.355831 i
1010 1015 1020 1025 1030 1035 1040
performance
Observed  Expected Overall
% < LSL 298 130
% > UsL 000 136
% Total 298 267

The actual process spread is represented by 6 sigma.

Overall Capabili
Pp 074
PPL 074
PPU 074
Ppk 074
cpm
Potential (Within) Capability
0%
cPL 094
U 093
cpk 093




image16.png
Percent

999

%

s
%0
a0

50
E

30
20

0

Probability Plot of Squareness before service

Normal

2

2
Squareness

M 1s
Sy 1424
N i
0 san

Palwe <0005




image17.png
Percent

Probability Plot of Deviation from nominal thickness before service
Normal

999

99

01

)

4 -3 2 A 0
Deviation from nominal thickness

1

Mean -0.2150
StDev 08419
N ”
AD 6376
P-Value <0.005




image18.png
| Chart of Squareness by Before/after service (overall)

setore st

ual Value

luer
x-0817

Lci-03s2

T s a3 @ s on s s om w
Observation




image19.png
o
2
>

Ef

Ind

| Chart of Deviation from nominal thickness by Service (overall - nominal value

Before After

es)

ucL=0414

1 15 29 a3 57 7 8 % "o
Observation




image20.png
I Chart of Squareness by Before/after service (LB00283)

astore ater

s

20

uci-t2e0

=

s

Le-oam

00

1 5 s wm w = 2 2 : 3
Observation




image21.png
Individual Value

0.

@

0.6

04

0.2

| Chart of Squareness (LB00283) by Saw

St

A AL NT]&

w Nv r

Observation

UCL=1.289

X=083

LCL=0371




image22.png
| Chart of Deviation from nominal thickness by Saw (LB00283 - nominal values)

razo pegas

ucL-oses

X003t

ual Value

i1 m om s nm wm & e s
Observation




image23.png
Percent

Probability Plot of Squareness after service
Normal

04 [ 08 10 12
Squareness

Mean 08167
StDev 01520
N 60
AD 1725
P-Value <0.005




image24.png
Percent

Probability Plot of Deviation from nominal thickness after service
Normal

999

Mean 03267
Stoev 04027
N 50
0 1196
Paive <0005

%

s
%0
a0
n
50
E
e}
30
20

0

s o 05 o0 os o0

Deviation from nominal thickness after service




image25.png
saw | Workorder | Billet number c“"f‘:l:"‘ Comments

Kasto | W112514 28193 Yes Check if the radiusing is even all way around on both
Kasto | W112514 28194 Yes
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Kasto | Wi12514 28200 Yes

Kasto | Wi12514 28201 Yes

Kasto | Wi12514 28202 Yes

Kasto | Wi12514 28203 Yes o . -~
Kasto | 112514 28204 Yes ' i
Kasto | Wi12514 28205 Yes

Kasto | Wi12514 28206 Yes {

Kasto | Wi12514 28207 Yes 3

Kasto | W112516 28223 Yes

Kasto | W112516 28221 Yes

Kasto | W112516 28225 Yes |

Kasto | W112516 28226 Yes ' -

Kasto | W112516 28227 Yes

Kasto_| W112516 28228 Yes ! i

Kasto | W112516 28229 Yes 2 -

Kasto | W112516 28230 Yes

Kasto | W112516 28231 Yes . :

Kasto | W112516 28232 Yes

Kasto | W112516 28233 Yes s
Kasto | W112516 28234 Yes, =
Kasto | W112516 28235 Yes

Kasto | W112516 28236 Yes

Kasto | W112516 28237 Yes,
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Conforming

Saw Work order | Billet number Comments
(yes/no)
Pegas | W112519 28258 Yes Check if the radiusing is even all way around on both
Pegas W112519 28259 Yes . .
Pegas | W112519 28260 Yes sides of the billet
Pegas W112519 28261 Yes
Pegas W112519 28262 Yes
Pegas W112519 28263 Yes
Pegas W112519 28264 Yes Tolerance: +/-1 mm
Pegas W112519 28265 Yes
Pegas W112519 28266 Yes
Pegas W112519 28267 Yes
Pegas W112519 28268 Yes - — 4
Pegas W112519 28269 Yes -
Pegas W112519 28270 Yes
Pegas W112519 28271 Yes [/
Pegas W112519 28272 Yes i
Pegas W112522 28303 Yes
Pegas W112522 28304 Yes
Pegas W112522 28305 Yes
Pegas W112522 28306 Yes 1 |
Pegas W112522 28307 Yes H
Pegas | W112522 28308 Yes h
Pegas W112522 28309 Yes * -
Pegas W112522 28310 Yes
Pegas W112522 28311 Yes . A .
Pegas W112522 28312 Yes
Pegas W112522 28313 Yes B
Pegas W112522 28314 Yes
Pegas W112522 28315 Yes
Pegas W112522 28316 Yes
Pegas W112522 28317 Yes
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Project Charter  

  

Billet radiusing in closed - die forging process  

        

Problem Statement  Business Case &  Benefits  

  The saw does not cut the billets to the  correct squareness, which affects more  and more billets. As a result, problems  arose during radius machining of billets  with a CNC machine. During the closed - die process, non - symmetrically radiused  billets   can result in products that do not  meet the customer's needs. All of this  causes a loss for the company, as well  as extra working hours for the employees  to re - manufacture any scrapped  products.  Due to the nature of the products and markets and  the qualit y requirements, the implementation of the  project is essential. With the implementation of the  project, the scrapping of products would be  minimized or avoided. Also, it is important for the  successful production of future products made with  a similar proc ess. If the project is not implemented,  additional costs will be incurred, quality may  deteriorate, there may be a delay in servicing  customer needs, which may lead to customer  dissatisfaction and the loss of customers.  

 

 

 

 

 

         

Goal Statement   Timeline   

Determine why the saw is not always  able to cut correctly. Monitor the  squareness of the billets and determine a  tolerance that is still acceptable for  squareness. by the end of February 2023  Phase  Planned Completion Date  Actual   

Define:   15 - Jan     10 - Jan   

Measure:   31 - Jan     0 6 - Feb   

Analyze:   15 - Feb     20 - Feb   

Improve:  15 - Mar         

Control:   30 - Apr         

         

Scope  -   First/Last and In/Out  Team Members   

1st Process  Step  Saw billets  Position  Person  Title  % of  Time    

Last  Process  Step  Pack order  Team  Lead   Viktoria  Berces  Green belt  candidate    90   

            Sponsor    James  Ba llard    M anufactu ri ng  engineer    10   

In Scope:  Sawing process               

                 

Out of  Scope:       Closed   die  forging  process                
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