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[bookmark: _Toc167298348]Abstract
There have been signs of a new issue in the production unit during the past few months. This issue is the manufacturing unit's inability to consistently generate H7 tolerance holes and shafts. A certain pattern of sizes changing in and out of tolerance has been observed in this project involving some of the latest Mazak CNC milling machines. 
[image: ]
As you can see in the figure above these are the tolerance bands for different H7 tolerances for holes and the shafts are the negative to these values. These values are also.

[bookmark: _Toc167298349]Aims of the project
Within this project the department’s aims are to achieve a system to where H7 holes can be achieved consistently without deviation outside of the tolerance band, the department also aims to achieve this goal without any further investments as this project was created to utilise the new machinery that will be arriving within the workshop in the middle of May. Within this reflective report it should show how successful the project has been but also where improvements can be made and what possible investments could be made in future to eventually eradicate the idea of deviation within the workshop.




[bookmark: _Toc167298350]Problem Solving
[image: ]
(Evans, H7 project RPO - problem solving, 2024)
Through standardized procedures established by the organization to tackle problems, a Recovery Point Objective (RPO) template was produced in order to identify the issue and its underlying causes. There are seven primary metrics for problem solving in the RPO. The first is the problem statement, which includes identifying the problem, its theoretical cause, its location, timing, and discoverer. The second metric is the checklist, which includes inquiries regarding standard operating procedures and verifies that all material and equipment specifications are accurate. The third measure is the objective statement, which is merely a declaration of what must be accomplished by the project's conclusion. The fourth metric is measurement. As you can see, this topic includes a few models that are designed to produce a range of distinct H7 holes and shafts. This allows for trial and error on a CNC milling machine to determine how well the tools are working and how consistently it can produce H7 holes and shafts. The fifth step of the RPO involves analyzing the issue by putting together a timeline of the events that both preceded and followed the problem. In addition, a fishbone diagram is made to show the problem's possible causes. The introduction of a new procedure, the identification of any underlying risks, and the establishment of a target date for its workplace implementation comprise the sixth measure in this RPO, which is improve. This RPO's final section, "Control," provides answers to a number of queries about how this method has been applied to the workshop and whether it is genuinely effective. The models made in the RPO have been machined in a controlled setting to mimic the workshop settings in order to produce a control experiment. 
In order to conduct the experiment, the first hole of a given size was made, the offsets were adjusted to get the correct size, and the tool was then used on the remaining nine holes of that size. After assessing the issue firsthand, the group of engineers could then discuss how to fix it.



[bookmark: _Toc167298351]Management of project
Kotter's eight-step approach will be employed to analyze how this project is managed to be as successful and efficient as possible (Kotter, 2014). The lead CNC programmer took charge of this project after being made aware of the issue. The project began four weeks before the machines were delivered, giving him six weeks to complete it as the machines would take around two weeks to be commissioned. He had set a goal to attain consistent H7 hole and shaft tolerances by the time the brand-new machines had been delivered and set up. As a result, there was a great deal of urgency. The workshop had a sense of excitement as a result of acquiring new, high-spec equipment and starting the process of optimizing it so that it would be seen as a worthwhile investment. Urgently, because of his experience operating machinery and keenness to join team for improvement, the CNC lead assigned an engineer apprentice to co-lead the programming team. This apprentice would facilitate models for the programming team and also operate the machine, freeing up other operators to concentrate on machining that would generate revenue. His ability to operate as a team and improve his engineering problem-solving abilities have been greatly enhanced by this project, which has been essential to his advancement within the organization. With the use of cutting-edge machinery that hasn't been used in the past, this project will drastically reduce waste and increase time efficiency in the workshop, which will represent a significant shift for the department. In addition to the programmers working on this project, additional engineers with years of expertise also contributed their knowledge, resulting in a wealth of ideas for the team to consider and a higher likelihood of success. The apprentice engineer had gathered all the information required in order to acquire the right material grade and size and have a machine available to conduct experiments as quickly as possible. This way, he could remove any obstacles that would slow down the process and work with the planners to organize the PO (production order). Because the workshop has been extremely busy with the removal of old machines and the delivery of new ones, it has been particularly difficult to obtain a machine. However, this major impediment was eventually removed once the first machine arrived and was successfully commissioned. One notable achievement of the project was the implementation of probing cycles for the future when programmers receive appropriate training. This approach is highly precise, user-friendly, and requires no human intervention. It also reduces machine downtime, enabling the production of more parts in a shorter amount of time. After a significant amount of the project was completed, tool wear remained a problem, requiring the use of more tools and offsets. To address this issue, the programmers tried a variety of different feed rates and speeds to extend tool life as much as possible without sacrificing surface quality. This had a significant impact because the holes are no longer as uneven, but it didn't actually solve the problem. It came to the conclusion that eliminating tool wear was not feasible at that particular moment. While this was not the desired result, it was still a considerably better result than what had been obtained in the past. [image: ] (Evans, H7 Tolerance Project Gantt Chart, 2024)
As you can see above the project time was managed by a Gantt chart and was set up as such so that there would be improvements put in place before the twentieth of May which is the estimated time that all machines would be delivered and commissioned. This proved effective as the project was completed within the time parameters set alongside being successful.








[bookmark: _Toc167298352]Impact from motivation
Using Maslow's hierarchy of needs, the effect of the improvement on employee motivation will be discussed.
[image: ] (Cherry, 2024)
In terms of physiological needs, this situation isn't really relevant because the company's change would only have an impact on the manufacturing department's profit margins. Some employees might see an increase in pay for their hard work, which could improve their quality of life, but there wouldn't be any true physiological changes. Because a secondary objective of this project is to reduce the likelihood of human error in order to inevitably boost efficiency within the workshop, it may eventually lead to the adoption of automation this applies to safety. As was previously said, this might result in salary increases or even the impression that employee performance had improved. Because this project requires teamwork, it plays a role in love and belonging because the team will work together to build relationships that will improve the work environment and give employees more confidence to contribute ideas, opening up more possibilities for projects like this one. The apprentice engineers and programmers in this project were given a goal, but they were also allowed to explore ideas and make the most of their valuable work hours to experiment with these ideas. They used multiple CAD/CAM software packages to create models and programs to run on the machines in order to determine the most effective way to accomplish the goal. This enhanced the employees' self-esteem in the workplace by demonstrating to them that their bosses had great confidence in them to finish the task at hand. The apprentice in particular has a lot of room to grow personally because he will be able to lead a team and develop his leadership skills beyond what he had before the project. The other employees can also express their ideas in a more open environment, which will greatly increase productivity at work and demonstrate even more personal growth. In summary, the initiative has had a positive impact on employee motivation in the workplace and has fostered strong relationships among staff members as well as personal development.


[bookmark: _Toc167298353]Research 
Within this project due to the fact that the department is not looking to make any further investments, the feeds and speed of the machine are the primary variable that is going to be used. Having sufficient feeds and speeds will determine tool life which is a huge factor towards consistency ‘A chip load that is too large can pack up chips in the cutter, causing poor chip evacuation and eventual breakage. A chip load that is too small can cause rubbing, chatter, tool deflection, and a poor overall cutting action. Finding the correct balance will not only allow for the most efficient cut possible, but also ensures the most efficiency in regard to tool wear.’ (Speeds and feeds 101, 2017). From this source it can be determined that too high a chip load it is very likely to cause indents in the material and also breakage, you can also that chip load being to slow will cause rubbing, chatter and tool deflection also causing inconsistencies. Tool deflection is an interesting point as to some degree there will also be tool deflecting but chip load which is directly linked to feed rate will definitely decide how much. 
[image: ][image: ]
· Chip load per tooth is the appropriate amount of material that one cutting edge of the tool should remove in a single revolution. This is measured in Inches Per Tooth (IPT).
· Chip load per tool is the appropriate amount of material removed by all cutting edges on a tool in a single revolution. This is measured in Inches Per Revolution (IPR)
(Speeds and feeds 101, 2017)
‘With an as-machined finished, the cutting tool might do an additional finishing pass to reduce roughness, or the part may just be accepted as is without a finishing pass and with tool marks showing. Standard as machined surface roughness is generally 3.2 μm. If a finishing cutting pass is made, the surface roughness may decrease to 1.6, 0.8, or even 0.4 μm.’ (CNC finishing and design guidlines, 2002-2024). As this source states finishing passes can decrease surface roughness which is a result of less tool deflection as the tool will cut the remaining material, but this material will be very minimal which will cause very little tool wear. [image: ]  (8 ways you're killing your end mills, 2018). The figure above demonstrates the importance of utilizing the entire length of the flute as the heat and work is spread across a larger surface area increase tool life massively, but at the same time not going passed the flute as this will cause what is known as ‘necking the tool’ which causes a rubbing effect damaging the tool and material.


[bookmark: _Toc167298354]How the project was carried out
[image: ][image: ]
The figures above are the models created for the H7 holes, this was then sent over to one of the programmers to be programmed on one of the software’s called edgecam which is the chosen software for CNC milling. The program was laid out in a very standard way of programming starting with the roughing cycles and then followed by the finishing strategies. The first experiment carried out was a form of control where the program was done according to what the workshop was currently using in forms of speeds and feeds that has been standardised. In order to accurately show how inconsistent the current procedures were only the first holes were measure so that the offsets could then be altered to the correct size as in general the first hole will not achieve the correct size due to the tool’s diameter not being accurately measured. After the offsets have been altered correctly the machine is then left to machine the remaining holes. These holes are then measured and the data is collected so that it can be analysed. The outcome of this control although it was expected was consistent. Due to previous experience the apprentice then decided that a feed per tooth of 0.04mm would achieve optimal accuracy and surface finish, taking this into account the spindle speed would also need to be decreased as it was currently causing more tool wear. Using the feed per tooth as a control variable and then using different spindle speeds a trial and error experiment was undergone to try and achieve optimal results. After coming up with a series of recommended spindle speeds, they were then implemented into the program and run on three separate stocks machine the model above, the data was then recorded and put into a standardised template to calculate the mean and standard deviation of the results. This could then determine whether or not these new feed and speeds were appropriate.

[bookmark: _Toc167298355]Solution 
The company recently went to the MACH event in Birmingham, where they spoke with some suppliers and got a variety of ideas on how to accomplish the project's goal. One idea was to use a probe within the programs to measure the holes during the operation; if the machine finds that the hole's size is incorrect, it will adjust itself. Since there are several probe stylist sizes that are as little as 5mm, this method is not restricted by hole sizes. The probe approach will be used for all shafts and holes since it is a highly accurate way to maintain the consistency of the holes due to the probe's exceptional accuracy. ‘Our standard-accuracy touch probes use a kinematic design, proven over five decades. The mechanism enables measurement repeatability of 1.00 µm 2σ’ (Renishaw, 2001-2024). Despite the fact that there are more effective techniques to achieve these tolerances, this method will still be employed for precision in order to do away with the necessity for operators to measure the parts. Trial and error method will be used to machine the model after it has been programmed as stated on the RPO. A crucial element of the experiment involved experimenting with various speeds and feed ratios to optimize the machine's ability to produce the right sizes while maintaining optimal consistency. A higher spindle speed can reduce tool life while improving surface finish, while a slower feed rate can result in increased inaccuracy or worse surface finish. Because the programmers were inexperienced with probing cycles in this experiment, the probe was not used. Instead, bore micrometers and micrometers were used to measure the sizes of the holes and shafts; these micrometers were precisely calibrated with ring gauges beforehand because they can measure holes and shafts to a micrometer, which is perfect for the task at hand because the smallest tolerance being used is 0.012mm. To emphasize, however, the use of this measurement technique is still susceptible to human error, as each individual may obtain a slightly different result. The team used this experiment to determine a nearly perfect ratio of feeds to speeds for these tolerances. By nearly perfect, they mean that until a tool is created that can totally eliminate tool wear, there will always be a disadvantage to traditional manufacturing because tool wear is inevitable and causes anomalies in consistency. However, the ratios that have been found have fundamentally altered the initial machining process. Not only can the team attain a high degree of consistency, but because of decreased tool wear, the company will need to purchase fewer tools, which will result in significant cost savings. Now that the team is aware of the issue, training on probing cycles will be provided to the programming team. This will enable us to include the probing cycles into a routine practice and correct the feeds and speeds ratio that were previously in use.




[bookmark: _Toc167298356]Results
	Tool Diameter (mm)
	Spindle Speed (RPM)
	Feed (mm/m)
	Feed per tooth (mm)

	16
	12500
	1800
	0.04

	12
	10000
	1200
	0.04

	10
	10000
	1200
	0.04

	6
	9000
	1080
	0.04

	5
	9000
	720
	0.04

	3
	9000
	720
	0.04



As you can see above these are the speeds and feeds that have been the most effective and have been recommended by the apprentice engineer and have been backed up by a series of data.
[image: ][image: ] (Evans, H7 tolerance Standard deviation, 2024)
In the figures above you can see the data collected from the three continuous machining of the same model from the RPO shown previously, this data is just the 25mm hole that was machined using the 16mm end mill using the recommended speeds and feeds. Analysing the data above there is a standard deviation of 0.001 and mean of 25.010mm which is extremely impressive along with upper control limit being 25.013mm and the lower control limit 25.007mm which is within the tolerance band of H7. 

[image: ][image: ] (Evans, H7 tolerance Standard deviation, 2024)
In the figures above is the data collected for the 22mm H7 holes which was machined using a 12mm end mill with the recommended speeds and feeds. Looking at the analysis the mean is 22.010 which is middle tolerance which is excellent, standard deviation is 0.002 which is a very good result, the upper control limit is 22.015mm which is 0.006mm from top tolerance and the lower control limit is 22.005 which is 0.005mm from bottom tolerance. These are exceptional results show significant consistency.
[image: ][image: ] (Evans, H7 tolerance Standard deviation, 2024)
The data above is from the 20mm H7 holes using the 12mm end mill with the same recommended speeds and feeds. This set of data had a mean of 20.010mm which is the middle tolerance, the standard deviation being an extremely low 0.001, the upper control limit is 20.013mm which is 0.008mm from the top tolerance and the lower control limit is 20.008mm which is 0.008mm from bottom tolerance. From both of the results of the 22mm and 20mm H7 holes because they are extremely consistent, these feeds and speeds are extremely effective. 
[image: ][image: ] (Evans, H7 tolerance Standard deviation, 2024)
The data shown above is from the 16mm H7 holes using the 10mm end mill with the recommended feeds and speeds. The mean and standard deviation are very good with the mean being 16.009mm being the same as middle tolerance and the standard deviation being 0.003 which is very low. The upper control is 16.017mm which is 0.002mm under top tolerance and the lower control is 16.001mm which is 0.001mm more than lower tolerance. These results are not what was hoped for, but this result is being affected by the two anomalies 16.018mm and 16.017mm, there could be a number of variables contributing to these values but these are unknown.
[image: ]  [image: ] (Evans, H7 tolerance Standard deviation, 2024)
The figure above shows the data collected from the 15mm H7 holes that were machined using again the 10mm end mill using recommended speeds and feeds. The mean and standard deviation are exception with the mean being 0.001mm larger than middle tolerance and the standard deviation is 0.001. The upper control is 0.004mm smaller than the top tolerance and the lower control is 0.007mm larger than the bottom tolerance. These results along with the result from the 16mm holes excluding the anomalies demonstrates that the new feeds and speeds are very effective at achieving consistency, although the anomalies have a negative effect on the analysis they are still within tolerance which is still consistent. This data supports the recommended speeds and feeds for the 10mm end mill
[image: ]   [image: ]  (Evans, H7 tolerance Standard deviation, 2024)
The data shown above is the data collected from the 10mm H7 holes using the 6mm end mill using recommended speeds and feeds. The mean is 0.0005mm larger than the middle tolerance and the standard deviation is 0.001 which demonstrates great consistency. The upper control is 0.004mm smaller than top tolerance and the lower control is 0.005mm larger than bottom tolerance. 
[image: ]   [image: ] (Evans, H7 tolerance Standard deviation, 2024)
As you can see in the figure above this is the data collected for the 9mm H7 holes machined with yet again the 6mm end mill with recommended speeds and feeds. The mean value is 0.0005mm larger than the middle tolerance for this size and the standard deviation is 0.001, both are very impressive results. The upper control is 0.002mm smaller than the top tolerance and the lower control us 0.004mm larger than the bottom tolerance. From the analysis of both sizes it shows that these feeds and speeds are effective for the size tool with a variety of 58 results within the tolerance band.
[image: ]  [image: ]  (Evans, H7 tolerance Standard deviation, 2024)
The Data for the 8mm H7 holes was machined with a 5mm end mill with the recommended speeds and feeds. The mean for these results is 0.0005mm larger than middle tolerance and the standard deviation is 0.001. The upper control is 0.004mm smaller than top tolerance and the lower control is 0.004mm larger than the bottom tolerance. These results show impressive consistency and demonstrate that the speeds and feeds for the 5mm end mill are appropriate. 
[image: ] [image: ] (Evans, H7 tolerance Standard deviation, 2024)
As you can see above this is the data for the 6mm H7 hole using a 3mm end mill to machine the holes. The mean for this data is exactly middle tolerance and the standard deviation is 0.001. The upper control is 0.003mm smaller than the top tolerance and the lower control is 0.004mm larger than the bottom tolerance. This data show consistency within the tolerances proving these feeds and speeds appropriate.
 



[bookmark: _Toc167298357]Improvements 
The workshop was very busy due to some of the deliveries, which made it especially difficult because some of the machines had to be turned off for a few days in order to be moved so that new machines could get through. This project could have been improved by finishing it months or weeks before new machines were delivered, as there were difficulties obtaining a machine to use. Furthermore, it is inconvenient to ask superiors for assistance when their top objective was the deliveries of the new machinery. A more effective result could have been achieved as the team's established results of tool wear were more estimated by using the human eye, a more thorough analysis of the tool wear could have shown greater results, as can be seen below with this graph of data collected on tool wear. It would have been beneficial to have taken 3D measurements during the experiment to better gauge how effective the difference in speeds and feeds had on the tool life.
[image: ] (Bruker Alicona, 2024)
The machines do have coolant systems, but they are not precisely regulated because the coolant solution is just a coolant and functions better as lubrication than heat regulation. Temperature regulation in the machine and on the tool would have been a good control variable because this has a significant impact on the size of the hole because metal expands with heat and then shrinks with cooler temperatures. The machines are not greatly affected by the temperature regulation in the workshop in fact, the machines serve to keep the space warmer. Because there are many different tools with varying coatings that enable them to withstand more resistance against the material they are cutting, using higher quality tooling could significantly increase tool life. Since the probe is incredibly accurate and would provide readings far better than any handheld measuring device, running a series of tests using a probing cycle to gather data on how much of a discrepancy there was between each so that an algorithm could offset the tool to ensure all sizes are correct could have been an option. Although just using the probe to measure holes would be a very useful tool as there are next to no deviation within the accuracy, but this would need to be utilized by probing cycles within the program as probing manually would take too long and would massively slow down efficiency overall. The stress placed on the tool under a range of different feeds and speeds could have been simulated using simulation software to get the same result—or perhaps even better—but the benefit of doing so would have been significantly lower in cost. CNC machines are expensive to operate due to overhead, tool costs, and material costs, so this would have had a significant financial benefit in addition to the project's end result. Talking with the tooling supplier about their suggestions and then testing them on one of the machines would have been one way to go because they would have the information needed to get enough data. To further show how effective the speeds and feeds were it would have been ideal to have gathered more result, but due to time constraint, material, overhead costs and also the fact that the machine wasn`t generating money the range of results was limited. Unfortunately due to yet again time constraint and productivity within the workshop the team was unable to carry out an experiment for H7 shafts, but after much discussion between the programmers and the CNC lead it was decided that it wasn`t really necessary to put another machine out of work to correct this as shafts aren`t very common amongst our part, although the outcome would most likely be the same. But it has been planned so that when there is less work within the workshop and a machine becomes available for the necessary time period that the operation would be carried out to get the correct procedure. An improvement would could have been implemented during the project but can also still be used is using the largest possible tool for each hole, but due to the need for a larger range of results smaller tools were used to machine more than one size hole. 


[bookmark: _Toc167298358]Conclusion  
To conclude this report the project was a huge success, a nearly perfect consistency was achieved and at no significant expense of the department. Not only were all criteria met for this project but through this reflective report and the research needed there has been some planned actions for the future such as training for the programming team so that they can utilize the probe within the program along with some considerations for future investments into 3D measurement systems and some simulation software to simulate tool wear. Although this project was a massive success the most curtail improvement that could have been made is increasing the data range to give more thorough results, all hole sizes were limited to a maximum of 30, whilst this is a high number there could likely be more that this within production.

References
(2024). Retrieved from Bruker Alicona: https://www.alicona.com/en/products/wear-measurement
8 ways you're killing your end mills. (2018, Febuary 7). Retrieved from Harvey Performance company : https://www.harveyperformance.com/in-the-loupe/8-ways-youre-killing-your-end-mill/
Cherry, K. (2024, april 2). Maslow's hierachy of needs. Retrieved from very well mind: https://www.verywellmind.com/what-is-maslows-hierarchy-of-needs-4136760
CNC finishing and design guidlines. (2002-2024). Retrieved from Dassault Systemes: https://www.3ds.com/make/solutions/blog/cnc-milling-finishing-and-design-guidelines
Evans, M. (2024). H7 project RPO - problem solving. Safran Seats GB.
Evans, M. (2024). H7 Tolerance Project Gantt Chart. Safran Seats GB.
Evans, M. (2024). H7 tolerance Standard deviation. Safran Seats GB.
Kotter, J. (2014). 8 steps to accelerate change in your orginisation. Harvard Business School Press.
(2024). market insiders. business insider.
Mcleod, S. (2024, January 24). Maslow's Hierarchy of needs. Retrieved from Simply Psychology: https://www.simplypsychology.org/maslow.html
Renishaw. (2001-2024). Retrieved from https://www.renishaw.com/en/standard-accuracy-machine-tool-touch-probes--32926
Speeds and feeds 101. (2017, october 2). Retrieved from Harvey Performance company: https://www.harveyperformance.com/in-the-loupe/speeds-and-feeds-101/



image1.JPG
+0.8 | +1.2 | +2

0-3

0

+1
3-6

0

+1
6-10

0

+1.2
10-18

0

+1.5
18 -30

0

#1.5
30-50

0

2
50 - 80

0

+2.5
80-120

0

+3.5
120 - 160

0

+1.5
0

F1.5

0

+2

+2.5

2.5

+3

+4

+5

0

+2.5

2.5

+3

+4

+4

5]

+6

+8

+3

+4

+4

+5

+6

+7

+8

+10

0

+12
0

+4

+5:

+6

+8

+0

+11

+13

+15

0

+18
0

+6

+8

+9

St

+13

+16

+19

+22

25

+10

+12

+15

+18

2

+25

+30

+35

+40

+14

+18

+22

20

+33

+39

+46

+54

+63

25

+30

+36

+43

52

+62

+74

+87

+100

+40

+48

+58

+70

+84

+100

+120

+140

+160

+60

+75

+90

+110

+130

+160

+190

+220

+250

+100

0

+120

+150

+180

+210

+250

+300

+350

+400
0

+140

0

+180

+220

+270

+330

+390

+460

+540

+630
0




image2.png
Insert  Page Layout

Formulas

RPO H7 project - Excel

Data Review View Add-ins  SmarTeam BOM

Pic

SMARTEAM

ture

Format

Q Tell me what you want to do.

EVANS Morgan (SAFRAN SEATS) . Share

m

Cut S . fa== AutoSum
?D % A £ ap Text P\ = Normal w |z
Pasie BCOPY 2 Sensitivity Conditional Format d (e B Fams | Sort & Find &
ste I u > -A- Merge & Center - | Sensitivity | ¢ ’ onditional Format as|/Goo nsert Delete Format o in
- < Format Painter = g o e .. &Clear e irwioed
Clipboard © Font Alignment Sensitivity Number Styles Cells Editing
Picture 11 ~ S
> 1 Problem Statement 2. Checklist YN[ 4 MeasurementMelrics /7 Seven Zools
|| whatis wrong? T]Do we have a temporary or containment measure in BIIN
+ || [oreating H heles on machies fst repeatable ] ab. [2]D0 we have a standard to work to? (SOP, Method, WorlN i
1| Why do vou think it happening? 3]s the equipment in question in good operational cond Y|
+1| [Pigh oo wear or poor calration 1 || [&]Are all the materials to specification? ¥ T
+|| Since When? 5]Ts every person who interacts with the problem repres{Y] 7
+|| [ongoing 1
w]|| ‘Where is it happening? 3. Objective State What do we hope to achieve? — o
]| TMachine Shep CHE 1 T
|| How muchloften?
We need to achieve a practise to where we can produce H7 1
B | ot 1 oles and make it repeatable. 1 o
w|| Who discovered itz (il o DM e - al
o || eter 1 il -
ol e improve | - 5. Understand the Prob Ziss syl o/ - helow: s ol o it e arsafrocess Garyout e proben arss
ontsinment T Tmprovement| Does 7
| [a[Ceremne i [0 | s ||| [Procese e B. Timeline
ety problem Using e Morgan ¥
£ 2 :nall anldderrrrnr "f‘m model ’E ran: S AR
st out cifferon o [Morgan i 7
I S e Euanz | A58 2 N[ i [] Y s [ e .
|| [3[oreate a standard practise | no[Moraan["agap \
b implement standard into no | Morgan lesian
£l #lthe workplace and make Evans G N wernal €=F
2s i i
L =
= (s i Visio & fmpurs] B
B achin
u esetip
8 MAN ~_ MATERIAL MACHINE D: Think you have o =
| T T Maintenance.*|C: Fishbone. WHY? Evert
u] Seler Set Tools | | materal ot appropriat for olerance band | | effsien speds WHY? Fal
Speraiors Fop TosT e at aFigh P
measuring! standard at start WHY? reported|
B accurately \ | of mechining rigt | Target "
Bror e
Fepeats irmprave
v Lsing correct wHY?
2| 7 Control i | bility of ments
21| [TTHas the standard been created andior updated? ¥ ! L WHY?
|| [2[Have we trained out the new or updated standard? |¥] Hanning courale toleranc]
s4|| [3[Have we communicated this to everyone involved? ¥ o method for/ | gaugesareng? | | 2ho1es[ A Process Map—{Understand
21| [#[Have we identified how we will measure, moritor _[¥ o method fr B. Timeline—(List everything
21| [5[Can we apply this to similar machinesiprocesses? |¥ C. Fishbone Diagram
21| [5[Problem Resolved? ¥ D5 Whys Analysis
u METHOD Ml EnvironMent — [MEASUREMEN) E. Chesk Sheel—(Creale of-
Problem Solving Tool ® b y

Earnings upcomin





image3.png
Insert

% Cut
B3 Copy -
' Format Painter

Clipboard &

Page Layout

Calibri

Formulas

Ready

team meeting

machining

control
experiment

riment with

About

Morgan Evans

Morgan Evans

Morgan Evans

Dariuszk

Leighton 8

Leighton 8

Morgan Evans

Morgan Evans

Morgan Evans

Morgan Evans

Morgan Evans

Gantt

®

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

4/16/2028

4/18/2028

/23/2028

/23/2028

4/26/2028

4/30/2028

5732028

5772028

5/10/2028

5/17/2028

Data

Alignment &

No.Days (G| H

SmarTeam BOM

Sensitivity

K| L|M[N|O|P|QIR|S|T|U|V W|X| Y| 2] AAAB|AC/AD|AE AF|AG|AH| Al | Al AK|ALIAMIAN|AC| AP|AQ) AR|AS |AT|AU|AVIAW|AX AY AZ

Table Tools
SMARTEAM  Design
s |3 8 Condtional Formatas
Formatting~ Table~
Number &

H7 Gantt chart - Excel

Q Tell me what you want to do.

Date

Neutral

Calculation

Normal

Styles

Bad

EVANS Morgan (SAFRANSEATS) S}, Share
== i S Autosum
- Fill
Insett Delete Format Sort& Find &
- - - &l e Select-
celts Editing ~
54|55 5C 8D, BE |BF BG BH BI B 5 BL | BM_ | BN | B0 | B sa [«

%17AM
5/21/2024

Paste

Page 7 of 15

Avial MERRY
¥ Format Painter | © 1 U v %€ X X
Ciipboard 5 Font

English (United States)

ords (¥
P Type here to search

Paragraph

1112 AQB aes

Heading3  Title Sut

AaBbCeD¢ | AaBbCeDE ABbCCDC AaBbCCD

TNormal | TNo Spac... Heading1  Heading 2 e SubtleEm.. Emphasis IntenseE.

Styles

Sensitivity

tools and offsets. To address this issue, the programmers tried a variety of different
feed rates and speeds to extend tool life as much as possible without sacrificing
surface quality. This had a significant impact because the holes are no longer as
uneven, but it didn't actually solve the problem. It came to the conclusion that
eliminating tool wear was not feasible at that particular moment. While this was not
the desired result, it was still a considerably better result than what had been

obtained in the past.
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« Chip load per tool is the appropriate amount of material removed by all cutting edges on a tool in a single revolution. This is -+
measured in Inches Per Revolution (IPR).
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Cutter @ * Speed (RPM)
SFM (Surface Feet per Minute) SFM = —_—
3.82
Phone
3.82* SFM
RPM (Rotations per Minute) Speed (RPM) =
Cutter @

Note: 3.82 is an industry constant for this calculation
A chip load that is too large can pack up chips in the cutter, causing poor chip evacuation and eventual breakage. A chip load that is Email
too small can cause rubbing, chatter, tool deflection, and a poor overall cutting action. Finding the correct balance will not only allow
for the most efficient cut possible, but also ensures the most efficiency in regard to tool wear. When calculating chip load per tool or
IPR, the per tooth chip load is aptly multiplied by the number of flutes on the tool itself.

Chip Load Per Tool IPR=IPT * # of Flutes

IPM (Inches Per Minute) Feed (IPM) = RPM * IPT * # of Flutes

OR
Feed (IPM) = RPM * IPR
Material Removal Rate
Material Removal Rate (MRR), while not part of the cutting tool’s program, is a helpful way to calculate a tool’s efficiency. MRR takes n
into account two very important running parameters: Axial Depth of Cut (ADOC), or the distance a tool engages a workpiece along Privacy - Tems &
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Another critical aspect of speeds and feeds, the best feed rate for a job varies considerably by tool type and workpiece material. If -t
you run your tool with too slow of a feed rate, you run the risk of recutting chips and accelerating tool wear. If you run your tool with
too fast of a feed rate, you can cause tool fracture. This is especially true with miniature tooling.
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While traditional roughing is occasionally necessary or optimal, it is generally inferior to High Efficiency Milling (HEM). HEM is a
roughing technique that uses a lower Radial Depth of Cut (RDOC) and a higher Axial Depth of Cut (ADOC). This spreads wear evenly
across the cutting edge, dissipates heat, and reduces the chance of tool failure. Besides dramatically increasing tool life, HEM can Ph
one
also produce a better finish and higher metal removal rate, making it an all-around efficiency boost for your shop. n
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