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1.0 [bookmark: _Toc513157991] Abstract
The content of the project is written about Ford Motor Co. Bridgend Engine Plant (BEP) an engine manufacturer. A global supplier to nearly every populated continent machining and assembling in excess of 600,000 engines per annum. 
The challenge of the project was to utilise a production line that historically was designed to build multiderivative camshafts, to a single derivative production line. The commissioned line was installed in 1999, converting machines that would be capable in order to meet capacity anticipated for a new expanding market in Russia, Elabuga. 
The company faced challenges of obsolescence with limited support from the original vendors. Machines have exceeded their anticipated useful life of 14.5 years and an already program extended to continue building until 2021.
Maintenance repair operations were a continued issue, with significant cost on particular machining operations. Pro-longed lead times for spare parts and the company had to make a decision to identify machines to decommission to cannibalize for salvage parts to continue the program. 
The solution to utilise machines effectively that would be capable using experience and knowledge of the skilled maintenance team. Support from the production team manager and manufacturing engineer. Following historical changes from the adapted production line in 2002. Support from electronics department and controls engineer enabled an effective conversion. The only finance raised for the project to order additional tape management systems.
The outcome faced challenges reviewing results that the conversion would be insufficient capacity of machines. Due to the constraint operations and the anticipated working hours available in shift. Solutions were recommended, capability studies were performed with results being ambiguous due to equipment or process concerns and unable to rectify at the time of the project. 
Recommendations have been made for the decommissioning the salvage of parts to enable a level sustained machine. Additionally, research showed that cycle time reduction is required for financial benefits and increase capacity. A review of the maintenance strategy was identified that Run to Failure was inadequate and not effective and a preventative approach was needed. 
Finally, the project was halted in March due to the end of manufacturing VCT derivatives engines at BEP due to other business needs.
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2.0 [bookmark: _Toc513157994] Background
2.1 [bookmark: _Toc513157995]Company Overview
Ford Motor Company was founded in 1903 by Henry Ford in America and today is a global market leader in manufacturing vehicles. The company headquarters are based in Dearborn, Michigan. The Ford Motor Company also has a presence in industries such as communications and financial services.
“Henry Ford designed his first moving assembly line in 1913 and revolutionised the manufacturing processes. It became the benchmark for mass production methods around the world.” (Ford.co.uk, 2018).
Ford currently employs 202,000 people globally working the plants and offices. The operations consist of Transmission, Assembly, Forging, Stamping and Engine. Presence is in every populated continent (Ford Corporate, 2018). 
2.2 [bookmark: _Toc513157996]Ford in Europe 
Ford of Europe operations is responsibility for producing and selling Ford brand vehicles in 50 individual markets. In total employing 69,000 people which include Ford customer service Division and 24 manufacturing facilities (Media.ford.com, 2018).
2.3 [bookmark: _Toc513157997]Ford of Britain 
Ford Motor Company (England) was set up in 1911 as a response to costly import charges imposed by the government at that time. 
During the ten-year American depression, which started in 1929, Ford realised that internal trade was important to the survival of the company. The ambitious expansion outside American started with the construction of the manufacturing plant at Dagenham, in Essex.  Here, Tractors and the successful Model T were first built in 1932 (Dymock, 2011).
Fords main era manufacturing factories in Britain was in Halewood, Dagenham, Southampton, Basildon, and Langley producing cars and commercial vehicles. There were also three sites in South Wales, Swansea, Bridgend and Treforest manufacturing components and engines.
As a result of rising labour rates in the Britain and the Great Recession (2007-2013) the company reviewed all operations and streamlined all facilities with plant closures in Britain pulling out of the last vehicle assembly in the Britain. The company focused Britain being a centre of excellence in Power Train Operations (PTO) (BBC News, 2012). 
[bookmark: _Hlk507399644]Joe Greenwell, Chairman, Ford Motor Company 2009-2013 stated that (Dymock, 2011):-
“Ford of Britain is vital part of the global strategy featuring advanced powertrains developed and produced in Britain. To supply and meet customer demands for the future.” 
Currently in Britain Ford manufactures on three sites exporting all engines and transmissions to assembly plants or foreign markets as completed parts: - 
· Dagenham Engine Plant (DEP)
· Bridgend Engine Plant (BEP)
· Halewood Transmission Plant
2.4 [bookmark: _Toc513157998]Ford in Bridgend  
BEP was constructed during 1977-79 and the production of Engine manufacturing began in May 1981. The plant currently employs 1,568 shop floor workers and 283 office staff. During its near four decades of producing engines for worldwide demand, the plant has received significant investment.
BEP forms part of the Global Powertrain Manufacturing Engineering (PTME) facilities which, supplies the domestic markets in Europe with Petrol Engines. The success of the plants manufacturing and great investments in the past, have allowed contracts to remain in place to supply engines to affiliated manufacturers.
In 2001 the plant saw an investment of £225million to produce common engines for use within the Premier Automotive Group (PAG) umbrella. This significant investment allowed Ford to produce engines for PAG, which comprised of Jaguar, Land Rover, Volvo, Aston Martin and Mazda. 
In 2008, Ford’s global strategy was to fold all of its allied businesses and build upon the Ford brand worldwide. Former PAG businesses were sold and separated, while the businesses took new ownership, contracts remain in place for BEP to supply engines for Volvo owned by Geely a Chinese automotive manufacturing company. The now merged Jaguar Land Rover owned by Indian automotive company Tata Motors.
In 2009, Investment was also granted from the European Investment Bank where £450million to update engines to lower carbon emissions across BEP and DEP (Dymock, 2011). The company utilised the investment for the development and production of the Ecoboost petrol engines at the BEP site and Econetic diesel engines at the DEP site. The PTME Model Year (MY) 2017 can be seen in Figure 2.4.1. Current production at BEP for completed engines can be seen in Table 2.4.1.
	Engine Name and derivative(s)
	Customer(s) – Ford Assembly Plants or Others
	Description
	Volume(s) 2017 per annum (Approx.)

	Sigma 1.25, 1.4, 1.6 VCT i4
	Europe, North America, Russia and India Engine plants
	Head, block, crank, conrod and camshaft are machine onsite and assembled.
	
422,000

	Ecoboost 1.5, 1.6 GDTI i4
	Europe, North America
	[bookmark: _Hlk507429410]Head, block and crank are machined onsite and the other components brought in and assembled.
	
190,000

	Dragon 1.5 i3
	Europe 
	Head, block and crank are machined onsite and the other components brought in and assembled
	Anticipated 125,000 –Quarter 4 2018

	AJ133 5.0 V8NA, 5.0 SC
AJ128 3.0 V6
	Other – Jaguar Land Rover UK assembly plants
	Head, block and crank are machined onsite and the other components brought in and assembled.
	
145,000


[bookmark: _Toc513158165]Table 2.4.1: Displays current production of completed engines at BEP.
[bookmark: _Toc513158134][bookmark: _Hlk507410706][image: ]Figure 2.4.1 Global Powertrain Manufacturing Engineering – Engine and Vehicle Line-up.




2.5 [bookmark: _Toc513157999]Sigma Machining Camshaft
The Sigma Machining Camshaft will be the focus of the project, the production line is a 16-step machining Operation (OP) process to produce a completed camshaft See Figure 2.5.1. 








[bookmark: _Toc513158135][bookmark: _Hlk507437630]Figure 2.5.1: The Camshaft Operation Process with descriptions.
The production line is a multi-operational cell production facility with few transfer operations. Using gantry automation for loading and unloading from machines. Placing the machined parts onto pallet carriers and moving onto the next operation with multiple conveyor systems which use a flag system to allow parts to be read and allow entry into the next operation to be machined. The production line is multi-adaptive with some OP’s allowing machining of B2YY and VCT camshafts this allows delivery of different camshaft derivatives for different engines.  
The production line has seen significant changes with the cession of derivatives. Recently in May 2017 saw the deletion of base ‘B2YY’ Camshafts fitted in the 1.25 and 1.4L capacity engines. The new vehicle model line-up for 2017.5 Fiesta model required a lower emission engine and saw the introduction of the 1.1L i3 engine manufactured in Cologne, reducing emissions from 122 to 101g/km (Topgear.com, 2017). 
Fortunately, in 2016 the company sourced an external contract to supply Russia, Elabuga completed 1.6L ‘VCT’ Camshafts only for their engine assembly operations with the growth of their Russian and continued sales (Sollers, 2017). 
The company invested and made minor changes to the machining process to enable the Non-Functional Journal (NFJ) in the casting. Upgrading the VCT level 1 cam to level 2 as well purchasing a new automated gauge with laser etching. The laser etches 2D matrix onto the NFJ and contains information that enables the camshaft to conform to engineering specification and allows traceability of the component. This is shown in Figure 2.5.2.
[image: ]
[bookmark: _Toc513158136]Figure 2.5.2: Image of machined camshaft labelled (Exhaust).
The currently production facility operates on a dayshift pattern with 37.5 hours of availability a week. The line workers ‘Required To Operate’ (RTO) are a mix of skilled and semi-skilled. The company wish to maintain the shift and RTO.
Combined to create an Integrated Manufacturing Team to operate the machines and perform all maintenance tasks on the line. The team comprises of: - 
· 2 Electrical Control Specialist (ECS) 
· 2 Mechanical Maintenance Craftsperson’s (MMC)
· 8 Integrated Manufacturing Specialists (IMS)
Currently the only camshafts produced are shown in Table 2.5.1.
	Current line Derivatives 

	Casting ID 
	Engine Function 
	Model 
	Engine 

	[bookmark: _Hlk512689674]B 
	Intake 
	4M5G-6A266-DA
	1.6 VCT 

	J 
	Exhaust 
	4M5G-6A269-DA
	1.6 VCT 


[bookmark: _Toc513158166]Table 2.5.1: Current derivatives produced on the Camshaft production line.




3.0 [bookmark: _Toc513158000][bookmark: _GoBack] Project Relevance
3.1 [bookmark: _Toc513158001]Project Rational 
The Sigma Camshaft line is part of a key focus of Fords strategy for implementing fully ‘in-house’ machining of the Head, Block, Crank, Camshaft and Connecting Rod. The line was installed in 1998 and has produced camshafts for predecessor engines such as Zetec, Zetec Second Edition (SE) and Duratec and now Sigma engines ranges.  
The line has seen many modifications and revisions to the parts in the past two decades. Power Train Operations (PTO) manufacturing processes have many common OP’s to enable flexibility. Primarily to adapt to the customers’ needs in the market place as well changes without major expenditure in the future. It’s vital the production line continues to complete the program of the Sigma brand for its own domestic market anticipated end of build June 2018 and continue to solely supply its external customer until 2021.
Nevan, (1995, Pp.99-101) describes the work of Proud (1994) which are philosophies are adopted by Ford Motor Company: -
“In today's competitive global market, customer focus and excellence of quality and service are essential to gain the competitive edge. These goals have to be achieved often with existing resources and always with the need to reduce costs. Many manufacturing organizations have aimed to achieve quality, service, and reduction of cost through adoption of the philosophies of continuous improvement….” 
As an Electrical Control Specialist (ECS) and Team Leader of the Camshaft line. The project falls within my responsibilities to ensure the line runs efficiently and delivery is maintained on a daily basis. Continuous improvement processes that I have already implemented on the production line, ensure the project will be followed through. Additionally, management have stated it is important for delivery to be maintained and wish for the use of the assets to be utilised. The company require more availability of machinery, which will create a lean production line increasing performance, and increase yield. 
The project will increase the longevity of otherwise redundant machines from only being able to machine base derivatives to being converted to machine VCT parts. This will maximise the use of assets throughout their expected usage life. It also ensures job security of the production line where RTO positions are maintained at the current workloads. In case of future manning concerns and labour will be redeployed within the factory which could jeopardise the delivery of camshafts to its customer. 

3.2 [bookmark: _Toc513158002]Aims and objectives

The project aims and objectives of the project: -

· Convert an existing camshaft line from a multi-derivative (B2YY predecessor) to single derivative only (1.6L VCT)

· Identify redundant machines that otherwise would be scrapped from the predecessor engine derivatives if capable


· Utilise the identified machines and ensure they are capable to machine VCT camshafts 

· Increase productivity therefore increasing the Job Per Hour (JPH) to target of 160JPH with potential cost savings per unit and running cost with less downtime


4.0 [bookmark: _Toc513158003] Prior to work commencing
4.1 [bookmark: _Toc513158004]Current layout 
The overall layout of the line and set up when designed will have an impact on the project. The production line was commissioned to machine B2YY camshafts initially. The production line was modified in 2002 with the additional OP43 machine installed and the production flow for VCT camshafts altered. Therefore, the layout needs to be considered and analysed confirmation from the Manufacturing Engineer (ME). States that “Introduction of the VCT camshaft project was completed in 2002 with an input of the being 2:1 ratio B2YY to VCT and only some of the machines were modified to allow this change”. 
[image: ]Volumes have now changed due to the deletion of engines in the vehicle line up in Europe and other markets continue to use the VCT only derivative. Figure 4.1.1 shows the layout of the line with the machines in operation.
[bookmark: _Toc513158137][bookmark: _Hlk512183714]Figure 4.1.1: Layout of production line with key identifying machine(s) current state. Excludes OP10. Flow path of a VCT cam.
4.2 [bookmark: _Toc513158005]Jobs per hour and constraints  
Productivity at Ford BEP is measured in a given rate Jobs Per Hour (JPH). It enables everyone to review the current state of productivity effectively to achieve the production facilities objectives. Targets set ensures costs of manufacturing are met and ensures no effect on future business. Ultimately it ensures the production facility is competitive with the rest of the world. Setting production targets is vital, as they ensure the costs of manufacturing are met and make the business viable.
[bookmark: _Hlk511237193]Cycle time of the machines of the machining operation have been captured and calculated. Displayed in Table 4.2.1. Showing the OP’s, Machines (MCs) and pieces per cycle and times. Highlighted in red are the OP’s that fail to meet the required target of 160 JPH required. (Cycle time obtained from Plant System Monitoring PSMON)
	Status Date:
	01/10/2017
	
	
	
	
	
	

	OP. No.
	Description
	M/C's
	Cycle Time (Mins)
	PCS/Cycle
	Cycle Time/PC
	JPH/MC
	JPH/OP

	5
	Manual load line
	1
	0.15
	1
	0.15
	400
	400

	10
	Qualify Journals
	1
	0.6
	1
	0.6
	100
	100

	20
	Grind journals
	1
	0.6
	1
	0.6
	100
	100

	30
	Centre drill etc.
	1
	0.5
	2
	0.25
	240
	240

	40
	Thrust Face & Undercuts
	2
	1.5
	1
	0.75
	40
	80

	43
	Drill Oil Holes & Cross Holes
	1
	1.4
	4
	0.35
	171.4
	171

	50
	Finish grind journals
	2
	0.8
	1
	0.4
	75
	150

	60
	Auto gauge
	2
	0.375
	1
	0.1875
	160
	320

	70
	Grind cam lobes
	5
	2.1
	1
	0.42
	28.57
	142

	80
	Brush deburr
	2
	0.37
	1
	0.185
	162.2
	324

	90
	Super finish lobes
	3
	0.58
	1
	0.193333
	103.4
	310

	100
	Polish journals
	2
	0.9
	1
	0.45
	66.66
	133

	110
	Wash
	1
	0.175
	1
	0.175
	342.9
	342

	120
	Auto gauge
	2
	0.375
	1
	0.1875
	160
	320

	135
	Auto Scan
	1
	0.3
	1
	0.3
	200
	200


[bookmark: _Toc513158167]Table 4.2.1: Cycle times of OPs and available MCs, failing to meet the JPH target. 
In a manufacturing process, a constraint is the operation or station with the lowest actual JPH. Simply stated, the constraint is the operation or station that inhibits production the most, within a line.
The overall line JPH can be no better than the overall constraint operation where the operation is the slowest point in the line. Therefore, the output of the line is limited by the constraint JPH. 
To summarise, parts will build up in front of the constraint operation and operations after the constraint will be starved for parts. Identifying the constraint(s) of the line will determine which operations to convert and determine the maximum output of the line. 


An improvement in the JPH at the constraints will improve productivity for the entire team, line, department, and area. Data shown in Table 4.2.1 can be seen in Figure 4.2.1, displayed in a pivot chart of the 27 machines available. 
[bookmark: _Toc513158138][bookmark: _Hlk511243948]Figure 4.2.1: Pivot Chart displaying JPH constraints failing to meet target.
[bookmark: _Hlk511237161]From examining the findings, the overall line JPH can be no better than that of the constraint operation. OP40 @ 80JPH, Limits the production line. Parts will build up in front of the constraint and operations after the constraints become starved for parts.
Focusing on the constraint and continuously improving reducing or eliminating the losses associated with the constraint will improve the overall line JPH
It is evident from the data that the JPH target is unachievable without more availability of machines. The production line cannot fulfil the requirement with only 27 machines available. OP’s, 10,20,40,50,70 and 100 require more machine availability to achieve the JPH and to eliminate the bottlenecks and constraints on the production line. 


4.3 [bookmark: _Toc513158006]Optimum machines 
Consider the results from table 4.3.1 to achieve the desired target to meet production demand an additional 11 machines are required. Meaning a total 36 machines are required to be available. This will sustain the production target and schedule. Table 4.3.1. Highlighted in yellow shows the additional machines required. As well figure 4.3.1 displays a pivot chart showing the required machines meet the target.
	OP. No.
	Description
	M/C's
	Cycle Time (Mins)
	PCS/Cycle
	Cycle Time/PC
	JPH/MC
	JPH/OP

	5
	Manual load line
	1
	0.15
	1
	0.15
	400
	400

	10
	Qualify Journals
	2
	0.6
	1
	0.3
	100
	200

	20
	Grind journals
	2
	0.6
	1
	0.3
	100
	200

	30
	Centre drill etc.
	1
	0.5
	2
	0.25
	240
	240

	40
	Thrust Face & Undercuts
	5
	1.5
	1
	0.3
	40
	200

	43
	Drill Oil Holes & Cross Holes
	1
	1.4
	4
	0.35
	171
	171

	50
	Finish grind journals
	3
	0.8
	1
	0.266667
	75
	225

	60
	Auto gauge
	2
	0.375
	1
	0.1875
	160
	320

	70
	Grind cam lobes
	6
	2.1
	1
	0.35
	28
	171

	80
	Brush deburr
	2
	0.37
	1
	0.185
	162
	324

	90
	Super finish lobes
	3
	0.58
	1
	0.193333
	103
	310

	100
	Polish journals
	4
	0.9
	1
	0.225
	66
	266

	110
	Wash
	1
	0.175
	1
	0.175
	342
	342

	120
	Auto gauge
	2
	0.375
	1
	0.1875
	160
	320

	135
	Auto Scan
	1
	0.3
	1
	0.3
	200
	200


[bookmark: _Toc513158168]Table 4.3.1: Optimum machines required to meet JPH target. 
As shown by table 4.3.1 the addition of: -
· 1xOP10
· 1xOP20
· 3xOP40
· 1xOP50
· 1xOP70
· 2xOP100
It is evident from the data that, the overall line JPH will increase and an estimated 171JPH could be achieved. The constraints will be at OP43 AND OP70 @ 171JPH.


[bookmark: _Toc513158139][image: ]Figure 4.3.1: Pivot Chart displaying machines required to meet JPH target. 
4.4 [bookmark: _Toc513158007]Survey of machines
In order to move forward with the utilisation of the machines, discussions were made with the Production Team Manager (PTM) and Manufacturing Engineer (ME) to progress. A survey was completed of suitable machine that could be modified. An important point raised was to ensure that machines could be converted to VCT only derivative and whether significant investments were required. Table 4.4.1 shows the available machines
	[bookmark: _Hlk512183356]Potential machines identified (10)
	OP description

	OP10A
OP10B
OP20A
OP20B
OP40A

OP40B

OP40D

OP70D
OP100C
OP100D
	Gauge - Qualify Journals
Gauge - Qualify Journals
Centreless grinding machine of all journals - rough
Centreless grinding machine of all journals – rough 
[bookmark: _Hlk513132364]Turning journal, A, chamfers, under cuts, oil groove, thrust faces and shoulders
Turning journal, A, chamfers, under cuts, oil groove, thrust faces and shoulders

Turning journal, A, chamfers, under cuts, oil groove, thrust faces and shoulders
Grind Cam Lobes
Single stage polish oil seal dia. and journals
Single stage polish oil seal dia. and journals


[bookmark: _Toc513158169]Table 4.4.1: Table showing available machines that could be adapted to VCT. 

4.5 [bookmark: _Toc513158008]Further considerations
Maintenance carried out of the production line is Run To Failure (RTF), the strategy is the simplest level where the machine is deliberately allowed to fail. Maintenance is executed at this point and repaired and returned to production. At the cost of loss of production from the downtime of machine.
Critical spares are stocked onsite for every anticipated failure to maintain the production line. The spares are held in the Non-Production Stores (NPS). Stock levels are maintained at significant costs to the company. However, the complexity of holding spares for equipment is monitored and scrutinised on an annual basis. The NPS will look at the items in the stores whether the parts have moved off the shelf within a 2-year period. If not, a report is sent to the area identified and the ME will identify the machine and decide whether the part needs to be held. If the item is scrapped and the item will no longer be available. 
The NPS area continually set targets to reduce an inventory by 5% year on year to reduce costs and floor space within the plant. Spares can be held for long periods waiting for a breakdown. Although beneficial for the company to reduce costs and removal of wasted expenditure and floor space. It could lead to reduction of the extended lifespan of machines with no spares onsite and potentially no support from the machine vendor.
The selection of machines required to convert is equally important to maintain the equipment for the future. The machines used on the production line have exceeded their useful life with the company purchasing equipment with the expectation to have a useful life of 14.5 years and recovery of the initial investment based of end of life estimated in 2012.5. The machines are still producing parts within specification after 20 years since being commissioned. See appendix 12.4.
[bookmark: _Hlk512880616]Eagle Technologies, (2015) states how to manage the risk of obsolete technologies. 
“As equipment reaches the end of its useful life, age and wear take their toll. Failure rates drastically increase, as do maintenance costs. Plants are perpetually one major part break or machine failure away from a shut down, and legacy equipment is more susceptible to these sorts of hiccups. As a result, preventive maintenance becomes absolutely essential.”
It's essential that a review of the maintenance activities is conducted and new approach is taken if deemed necessary. Planning for spare replacements is another strategy to be considered as the machines have now reached their useful life and the machine manufacturers may not be trading after 20 years. Albeit, drawings are available and work could be outsourced. Electrical/mechanical systems can be modified/refurbished by outsourcing to local engineering companies. However, this will involve a huge amount of support and costs and prolonged-lead times waiting for spares to repair the machines. 
A spare part-replacement strategy could be implemented to use only a selection of machines identified and use the remaining machines for cannibalization.  Where interchangeable parts are not available from inventory and unavailable/limited support from the machine vendors the failed machine could be replaced from the cannibalized machine which could be decommissioned.
Morris (2014), Senior Manager of Rockwell Automation states that to manage obsolescence equipment,
“……companies need to establish a process for monitoring lifecycle stages of equipment. This should include developing a database and assigning subject matter experts within the organization to collect and maintain all lifecycle information. Vendors also can help provide additional information around lifecycle statuses, parts and service availability, and migration recommendations that align with business goals.”
Further research will be complied before making a decision of the machines to be cannibalized. 



5.0 [bookmark: _Toc513158009] Timing Plan
The time planned is displayed in form of a Gant chart, the progress was tracked using a Concern and Corrective Action Report (CCAR) a format used within the company to communicate projects and keep track. 
5.1 [bookmark: _Toc513158010][bookmark: _Hlk508530027]Gant Chart
[image: ]

[bookmark: _Toc513158140][image: ]Figure 5.1.1: Gant chart of project, weekly.


5.2 [bookmark: _Toc513158011][image: ]Concern and Corrective Action Report 

[bookmark: _Toc513158170]Table 5.2.1: CCAR list of job elements covered for project.
6.0 [bookmark: _Toc513158012] Research and Literature Review
6.1 [bookmark: _Toc513158013][bookmark: _Hlk508561385]Topics identified 
The importance of the project is to convert a multi-derivative camshaft production line into a single derivative line. In order to establish the importance of work involved it is also necessary to identify any other work(s) completed and discuss points that have been raised historically. 
A review of literature will conclude a purpose and analysis of methodologies or approaches of other researchers that can be adopted or adapted. 
Topics to be researched: -  
· Machine/process capability 
· [bookmark: _Hlk508561373]Increasing machine capacity
· Machine cannibalization 
6.2 [bookmark: _Toc513158014]Machine/Process capability
Capability studies allow statistical interpretation of data in order to assess the ability of a process to produce parts with in a specification. The purpose is to compare variation within the process to ensure the voice of the process and customer are protected and the process is capable of meeting specifications (George et al., 2005).
Škůrková and Kudičová, (2011) describe the measurement of process capability measured and assessed by indicators of Cp (characterises the scattering process) and Cpk (characterising the position of the tolerance field process). 
The literature from George et al., (2005) suggest there is another method and where the label ‘C’ in front of the indicator confirms the data collected is a short-term study. Whereas the label ‘P’ distinguishes a long-term study.  
The analysis label will depend on the standards of the company. Ford Motor Company use the standard of measuring 120 parts find good practises and values depend on OP.
[bookmark: _Hlk509155282]Kapadia (2000), Manager - Quality Engineering of Tata Auto Comp Systems Ltd. Summarises that knowing the capability of a process is important to ensure the process can hold a tolerance within the specification for the customer. Additionally, choosing the correct process to adhere to the customers expectation. Ensuring the process is under statistical control requires fundamental changes and implementing a new process that eliminates the sources of variability. It is accepted that knowing the capability you can specify a better quality. 
[bookmark: _Hlk508547108]Fedoryszyn (2011), stated that the potential performance is determined from the machine capability. The potential performance of the process represents the potential capability manufacturing in with the given limits. Quality performance is also analysed to ensure the task is being completed. Importantly, Fedoryszyn (2011) also suggests that process capability is analysed when machines are commissioned and also when after major repairs. 
[bookmark: _Hlk509155105]Prior to commencing a process capability study Škůrková and Kudičová (2011) stated it is necessary to know whether the conditions of manufacturing conditions for mass production. Capable measuring equipment and the manufacturing facility. As well how the process is statistically managed. Finally, technical and other specification accurately reflect specification with a given nominal value of the proposal is in the middle of the tolerance field.
The method stated is important information and should be observed when a study is completed. 
The Pp value will be used to evaluate capability of the process showing the variation of across the Lower Specified Limit (LSL) and Upper Specified Limit (USL). Pp will highlight the potential the process could achieve if centre. A low value of Pp suggests a poor process and a high value of Pp suggests a more capable process (Minitab Inc, 2017).
PpK values should be aligned to the Pp value indicating the values are approximate and centred. Showing good process capability. When reviewing graphs, the value is not one side or the other, towards the LSL or USL (Minitab Inc, 2017).
6.3 [bookmark: _Toc513158015]Increasing machine capacity
Customer demand of the production facility is priority in order to understand the requirements. The company has to fulfil a Master Production Schedule (MPS) and ensure the production capacity is met. 
According to Reid & Sanders (2013),
Capacity planning is the process of establishing the output rate that can be achieved by a facility. Planning for capacity is important if a company wants to grow and take full advantage of demand (Reid and Sanders, 2013, p.334). 
[bookmark: _Hlk509160793]Sarjono et al. (2016), Describes the work of Liske (2012),
If capacity planning is executed well, it can meet the demand of existing customers as well as be able to increase the company’s revenue.
In order to maintain customer satisfaction and ensure the finished components are delivered on time and do not cause any stoppages at BEP and Elabuga. The company need to ensure optimum production capacity as well dealing with fluctuating demand from other markets.  
A 6-month forecast will be used in order to perform calculations for Rough Cut Capacity Planning (RCCP) is a planning approach to production capacity. Sarjono et al. (2016), states the approach can be used for medium to long term. RCCP is defined as “the process of conversion of production plans or MPS to the capacity needs related to critical resources such as labour, machinery and equipment” (Gaspersz, 2005, p.85).
Harrison, (2001, p52) describes RCCP as prompt method to assess whether the MPS can be met. Enabling the master scheduler to assess the feasibility of any proposed changes to the plan. RCCP compares load scenarios with particular capacity bottlenecks.
According to Proud (2007, p.404), RCCP process contains three basis steps: - 
1. Calculate the capacity needed for achieving the production plan
2. Compare required capacity with planned capacity
3. Adjust plans so both become balanced 
Once the steps are followed a validation process begins to ensure the RCCP verifies with the MPS. Then suppliers are informed and deemed adequate. 
6.4 [bookmark: _Toc513158016][bookmark: _Hlk512877511]Machine Cannibalization 
Machine cannibalization is an important factor that needs to be considered as the machines considered are near 20 years old. The support from the machine manufacturers is not provided unless at significant costs. A brief review of some items for the machines has shown that items that existed in the NPS have been removed and spares are not provided unless at significant lead times.
Cannibalization a term that is used often associated military assets however, in business is often referred to Diminishing Manufacturing Sources and Materials Shortages (DMSMS). This is a type of obsolescence with the loss and ability procure a spare part from the machine vendor (Sandborn, 2015).
Sandborn, (2015) suggests that industries (such as traffic control, power grid, and the military and aircraft) often extend assets beyond their useful life cycle. This is often an unplanned life extension during the product planning stage due to the high production costs of new technologies and capital investment.
Additionally, electronics obsolescence is a major contributing factor to the production line. All of the electrical control systems designed around 1995-1998 components are mostly obsolete. For example, the camline between 2014-2016 was forced to upgrade systems. For example, the Allen Bradley PanelView from the 550 to 600+ version. Repairing the screens was uneconomical so an upgrade was essential. Also, motor controllers Integral ™ 18 controlled directly from a PLC (Program Logic Controller) replaced with newer systems from Schneider. 
Sandborn, (2008) relates electronics obsolescence with repairing of sonar systems in the Military. Where replacement of components is not available due to the advancements in the electronics market improving microcontrollers, chips and off the shelf parts are not available to repair the assets. Often requiring the entire systems to be upgraded. 
Although obsolescence is a major factor with machine being available a reactive strategy can be implemented diversifying the machines not required or currently decommissioned to extend the life of the production line. 
Overstreet, (2001) suggests a reactive strategy in the lifecycle to extend the assets
 “… Modify or Redesign the End Item to Replace or Eliminate, Replace System…”
This approach will be considered when evaluating which machines to perform the conversion. 

[image: ]The life cycle of asset and maintaining is crucial Morris, (2014) demonstrates in figure 6.4.1. Failure rates increase as do the maintenance costs.  
 

[bookmark: _Toc513158141]Figure 6.4.1: Failure rates increase as do maintenance costs, From (Morris, 2014).
As shown in the diagram the life cycle of the equipment needs to be reviewed as the machines are being used beyond their useful life determined by the company. 
[image: ]Literature from Life Cycle Engineering, (2015) suggests asset management is an important factor that conforms the literature from Morris, (2014) that operations and maintenance is important as the machines that have aged. 
It should be considered the asset life cycle valve Warner, (2014) shows the lifecycle of an asset in figure 6.4.2. It can be concluded that the production line is in the category of modifications or decommissioning. 
[bookmark: _Toc513158142]Figure 6.4.2: Shown the asset life cycle. From (Warner, 2014).
Warner, (2014) states 
“…….. some assets to be upgraded or modified to make them faster, cheaper, better quality producing etc………This is often cheaper than replacing the asset completely although eventually a new version of an asset will prove to be the better overall option.”
The consideration of upgrading and modifying the assets will be considered and will as it will be the preferred option as installation of the new machine is not a viable option for the limited expectancy required to produce until 2021. 
Decommission of the machines will be a viable option in order to complete the upgrade up cycle of the desired machines. Utilising spares that otherwise that will be disposed of in the near future.
Life Cycle Engineering, (2015) state the decommission/retiring phase is an important phase.
“……  It is during this phase that major costs that have remained hidden for years will become evident. …..  The extent of the contamination is commonly not known until the clean-up begins and many companies have faced potential financial ruin from the clean-up obligations that have been imposed on them following cessation of operations.  To avoid this situation, it is important to identify potential risks early on and act accordingly, such as by providing appropriate leak prevention and spill containment systems.”
Given the information, it should be considered the retirement of the assets in the future and implications to the environment. 
6.5 [bookmark: _Toc513158017]Summary of research 
· It is evident that when performing a process capability analysis, the correct standard needs to be adopted from the company. Škůrková and Kudičová feel knowledge of the process overview is fundamental and ensuring the product conforms to the Engineering Specification (ES). The next stage will be to review the (ES) where needed to be analysed and gain a process overview of all of the OP’s.
It has been suggested by Kapadia that the process is under statistical control and to remove variability will achieve a better quality. It is generally agreed that process capability analysis is completed when the machine is commissioned. In light of the research from Fedoryszyn he suggests that also when after major repairs. This consideration will be taken into account and could be revenant during machine set ups and commissioning. 
· Increasing capacity will require further analysis of the MPS and forecasts in order to perform calculations ensure the capacity can be met at the standards in place.
The literature from Sarjono et al. (2016), suggests additional research is required on the production facility to calculate the perform capacity planning by calculation RCCP calculation using demand forecasts. The RCCP will be performed on each Operation process to ensure that demand can be met and no shortfalls in capacity.
Fundamentally the company will have a strategy if the utilisation is not effective. Sarjono et al. (2016), stated: - 
The RCCP would provide an alternative plan for the company to produce in order to meet consumer demand as well as the use of corporate resources effectively and efficiently.
· Machine cannibalization is a viable option and is commonly used in industries where electronics obsolescence has occurred it still relates to the production line for the extended life cycle. Ford do not have a procedure or policy for obsoleteness. 
· Ford does have a policy in the event of removing assets from site it should be signed off with ‘intent to decommission’ and raised as a disposal project and outsourced to a contractor to be approved by finance. 
· Literature from Warner, (2014) suggested upgrading assets is the option as the life cycle for the limited expectancy of the program to run until 2021. Morris (2014) makes the statement that the maintenance on the assets is even more important and a preventative strategy should be implemented. 




7.0 [bookmark: _Toc513158018] Work Carried out
7.1 [bookmark: _Toc513158019]Machine evaluation for conversion
[image: ]From previous research the machines identified in table 4.4.1 will need to be evaluated due to their current state as well the layout figure 4.1.1. Table 7.1.1. Shows the machines that been identified previously and other machines available. Some machines have been decommissioned due to the cost of repairing the machine is significant and spares not available at the time. For example, the replacement cost of the hydrostatic bearings and spindle replacement is in the region £30,000. The maintenance repair operation to dismantle and rebuild is near 100 working hours of 2 men. This does not include unforeseen degraded components that will be uncovered during the repair activities. The decision was decided by the PTM, ME and maintenance team and satisfies the results from table 4.3.1 and requirement of machines for the operations. 
[bookmark: _Toc513158171]Table 7.1.1: Machines to be converted and machines to be retired highlighted in grey.
7.2 [bookmark: _Toc513158020]Special Characteristics 
Machines when commissioned are important that produce parts within the specification and tolerance. All camshafts produced have to adhere tolerance and each operation to perform within controlled methods. The reason being each tolerance has an effect on the next operation and the customer, which will lead to production issues and scrap. In addition, technical drawings are produced for each operation called In Process Sketches (IPS) they will be adhered too. A copy of the Special Characteristics Communication Agreement (SCCAF) can be found in appendix 12.1.


7.3 [bookmark: _Toc513158021]OP10/20 Conversion
[bookmark: _Toc513158022]Process overview
OP10 is a gauge used to measure the stock diameter of the journals allowing parts to enter the OP20 entry conveyor. Parts here would fail and detect damages to the rough stock.
OP20 is a centreless grinding machine manufactured by Giustina™ and the model is R125.500. Which is controlled by a Computer Numerical Control: (CNC) SIEMENS 840D.
The system uses a Siemens interface system along with its unique own operating system. The machines produce high speed grinding using an in-feed centreless grinding to grind precision camshaft which grind oil seal, journals, rear location and rear flange. As shown in the figure 7.3.1. 



[bookmark: _Toc513158143]Figure 7.3.1: Image of rough stock below and above ground diameters.
The workpiece is loaded into the grinding machine via the gantry system and the spinning control wheel moves into place. The workpiece hits the end stop and is clamped to secure and prevents the workpiece from being fed through the machine. The abrasive grinding multi-wheels come into the workpiece with coolant flooding and plunge cut in a single operation. This grinds the rough stock to the final diameters. The different diameters of the camshaft are produce by the multi-wheel set up configuration, with different diameter wheels program so they can be dressed with a diamond when required. Figure 7.3.2. Shows the set up with the workpiece in grinding. Figure 7.3.3 shows the In-Process Sketch (IPS) for the dimensions of the OP.Grinding wheels
Workpiece
Control wheels

[bookmark: _Toc513158144]				Figure 7.3.2: Labelled image of the grinding OP20.

[bookmark: _Toc513158145]Figure 7.3.3[image: ]: IPS OP20, dimensions labelled. From, (Ford Motor Co., 2016a).
[bookmark: _Toc513158023]Modifications
OP20B error proofing entry silhouette plate installed to ensure the camshaft entering is position correctly. Ensuring the gantry loads the part correctly and not damaging the edge of the wheels with the lobes which do not touch.  
The wheel spindles are both removed and reconfigured from a 6-wheel set up to the new 7-wheel set up. Replaced ready for the machine. Inserted a new work rest blade, required for the workpiece to sit on correctly to be clamped and the wheels to engage. See figure 7.3.4.OP20, VCT Workrest

[bookmark: _Toc513158146]Figure 7.3.4: Image of new work rest blade fitted.
Program was downloaded from the OP20C machine where vendors previously modified the machine in 2004 to run VCT derivative. The logic was modified, the program was uploaded to OP20B and confirmed. 
The machine wheels were set up and positions of all wheels are registered and stored in the machine. The dresser detects the wheels through an acoustic sensor to register the vibration when dressing. A part was manually loaded by hand and the wheels brought in manually with a handwheel device to ensure they just touch. The machine then removes stock until the desired diameter is achieved. Parts were verified by the Marposs™ gauge and then confirmed by manual hand snap gauges. Gantry automatic load/unload positions were checked and retouched where necessary. 

7.4 [bookmark: _Toc513158024]OP40 Conversion
[bookmark: _Toc513158025]Process overview 
OP40 machines turn the oil seal using a CNC controlled machine manufactured by Churchill™. The model of the machines is OMEGA 65 CNC lathe. See figure 7.4.1.
[image: ]




[bookmark: _Toc513158147]Figure 7.4.1: OMEGA 65 CNC lathe. From (BSA Tools Ltd., 1998, p.1).
[image: ]The machine offers versatility in programming the coordinate of the axis’s and the cutting tool required. The machine operates using 3 axes’, X for height, Z for longitudinal and the C axis for the turning chuck which the workpiece sits. The required changeable tool is selected from the multitool adaptor called the turret. See figure 7.4.2.
[bookmark: _Toc510030737][bookmark: _Toc513158148]Figure 7.4.2: Image of turret. From (BSA Tools Ltd.,1998, p.32).
The sequence of the operation is an unmachined part is loaded into the machine by the (un)loading automation placing the part on the support vee’s. The tailstock advances forcing the part into the chuck and raising above the support vees. The chuck engages and chuck will rotate to the programmed speed. Now the axis will drive to the programmed position moving the turret to the work piece, turning the journal, chamfers, undercuts and oil grooves, thrust face and shoulder as shown in figure 7.4.4. and 7.4.5. 
[image: ]



[bookmark: _Toc513158149][bookmark: _Hlk512611864]Figure 7.4.3: Work centre arrangement from, (BSA Tools Ltd., 1998, p.22).


[bookmark: _Toc513158150][image: ]Figure 7.4.4: Left unmachined part, right machined part. 






[bookmark: _Toc513158151]Figure 7.4.5: IPS of OP40. From, (Ford Motor Co., 2003a).
[bookmark: _Toc513158026]Modifications 
The tools and gauges for the OP40 were previously purchased when on a project in 2004. Simply the tools were installed and the gauge was calibrated. The machine was not configured to cut VCT camshafts. Firstly, required program copied from similar machine OP40F, downloaded and uploaded to OP40A, B and D. 
[bookmark: _Hlk512612759]Individual machines have a probe which is set up and calibrated to that machine work centre. The probe provides reference points for each tool in the X and Z positions to ensure they conform to tolerances of 0.002mm. The probe ensures error proofing by detecting if the tool has been fitted incorrectly (BSA Tools Ltd., 1998, p.35). 
As the values copied in the program will not necessary match the values of the conversion machines. It is necessary to perform a calibration of the probe and additionally probe the tools to ensure they match the programs. 
Following the procedures from the manual a write up was compiled for future reference, as it’s important to note that the procedure can be followed if the probe has a bump or is dropped accidently (See Appendices 12.6-7). The calibration procedure ensures that the probe head or known as cube is perpendicular with the turret face. Figure 7.4.6 shows the configuration.
Following calibration of the cube it is then important to ensure the tools are configured and set up correctly. In order to ensure the machine is set up correctly tools need to be acceptable to ensure the geometry of the tools is correct.

Turret Face
Cube





[bookmark: _Toc513158152]Figure 7.4.6: Image of probe. Adapted from, (BSA Tools Ltd., 1998, p.37).
· OP40B, D were successful and parts were checked and confirmed by a Coordinate Measuring Machine (CMM) to confirm the physical geometrical characteristics of the camshaft. Gantry load/unload positions were checked and taught were needed.
· OP40A failed to perform the chamfers and undercut at the correct radius which were confirm using the shadow graphs as controlled by the SCCAF. Figure 7.4.7, shows in detail the IPS detail Z was not present and detail X was out of specification.
[image: ]






[bookmark: _Toc513158153]Figure 7.4.7: IPS OP40 chamfers and undercuts required. From, (Ford Motor Co., 2003a).
The reason was unknown and required additional support an experienced MMC member that had moved from area. Once described it was then confirmed turret needed to be clocked in on the face and the alignment of the chuck checked. Working together with the MMC we were able to realign the turret which is held on a block to the machine back base by 6 large blots and check the chuck centre line position. Setting tool/ bar

Figure 7.4.8 shows the set up used and rotating the turret and moving the X axis we were able to confirm the face was perpendicular additionally we were able to locate the DTI on the setting bar used in lieu of tool in the holder. This confirms the position in the X axis is correct.
[bookmark: _Toc513158154]Figure 7.4.8: Image of turret and DTI to clock face.
[image: C:\Users\gary\AppData\Local\Microsoft\Windows\INetCache\Content.Word\DSC_0007_6.jpg][image: C:\Users\gary\AppData\Local\Microsoft\Windows\INetCache\Content.Word\DSC_0004_6.jpg]Manually driving the turret to the position of 20mm in the X axis will allow the setting tool to engage into the chuck. This failed, using the DTI and rotating the chuck measuring the out of position we were able to modify the refence point offset. See figure 7.4.10. Once changed and verified. 
[bookmark: _Toc513158155]Figure 7.4.9: Image DTI mounted on chuck with setting tool.

The setting tool engaged correctly and a full probe set up was completed and the camshaft confirmed CMM within specification and tolerance. 
[bookmark: _Toc513158156]Figure 7.4.10: Screenshot of the limit offset entered highlighted.
7.5 [bookmark: _Toc513158027]OP50 Revision
[bookmark: _Toc513158028]Process overview 
[image: ]OP50 grind the journals and main oil seal to the final diameters using a Landis™ Multi-wheel set up see figure 7.5.1. Consisting of 5 wheels on a single speed spindle power driven. The hydrostatic wheel head and wheel spindle controlled by a CNC 3200 controller provides an efficient and high accuracy grinding operation. The system uses automated dressing of the grinding wheels and swings the work centre with a compensator to cure any taper issues. During the grinding cycle the part is clamped into a work driver held on the timing slot and foot stock in the centre at the oil seal end. The machine applies automatic true centring work-rests to eliminate any taper across the part or journals. This is achieved by the in-process gauges with feedback to ensure the diameters conform to the specification. 
[bookmark: _Toc513158157]Figure 7.5.1: Image of Landis Mulitwheel, From (Ncservice, 2001).
[bookmark: _Toc513158029]Modifications
OP50D required a new wheel set up configuration changing the diameter of the wheel for the oil seal. The diameter requires a smaller wheel as different to the B2YY oil seal. The journals remain the same. The spindle was removed and reconfigured by the wheel-mounting team. The machine program remained the same and wheel set up completed with the LH gauge for the oil seal adjusted to suit the diameter and edited in the program.

7.6 [bookmark: _Toc513158030]OP70 Revised program update
[bookmark: _Toc513158031]Process overview 
[image: 5126 01a]OP70 grinds the cam-profiles and NFJ to its final diameter. The NFJ is used for the OP135 process to apply a data 2D matrix applied by a laser (See figure 7.6.2). The OP70 machines using advanced CNC technology. The machines are Landis™ 3200 3L CNC grinders. See figure 7.6.1.
[bookmark: _Toc513158158]Figure 7.6.1: Image of a Landis™ 3200 3L CNC grinder. From (MachineWeb, 2018).




[bookmark: _Toc513158159]Figure 7.6.2: Image, top unmachined, below machined camlobes & NFJ.
[image: ]The process of grinding the cam-profiles works with the timing slot situated at the rear end flange. The workpiece clamps into a work driver chuck in the machine. The camlobe is relative to the timing slot and achieves a high accuracy per degree within a micron level tolerance. The machine is programmed to coordinate the axis together while traversing the work centre and wheel head and oscillating to produce the profile. The NFJ is rough ground by the OP20 process and requires the final diameter of 23.75mm which is achieved by the OP70. The process is to grind all 8 lobes and the NFJ is approximately 3-minute cycle time and requires all machines to be available to achieve the target JPH. The IPS can be seen in figure 7.6.3.
[bookmark: _Toc513158160]Figure 7.6.3: IPS OP70. From, (Ford Motor Co., 2016b).


[bookmark: _Toc513158032]Modifications
OP70F was fully functional grinding however when modifications were made in 2016 the machine was not in a safe state to power on and perform the upgrade. Therefore, not modified to grind (level 2) the finally diameter of the NFJ. The machine was reinstated at the end of 2016 without the modifications to perform B2YY camshafts only.
The utilisation of the machine required the machine to be upgraded the modification required an update in the program. Firstly, rename level 1 programs – 4M5G-6A266-CA & 4M5G-6A269-CA to level 2 programs changing letters ‘CA’ to ‘DA’. Then an upload of a part program ‘ID_ring’ developed by the vendor in 2016. A change to parameter set speeds and feeds and the machine would be fully functional again. The procedure can be seen at figure 7.6.4. No further works were necessary and machine reinstated to production after CMM checks confirmed. 












[bookmark: _Toc513158161]Figure 7.6.4[image: ]: Memo, of modifications to make to camlobe grinders.5th April 2016





















7.7 [bookmark: _Toc513158033]OP100 Modifications
[bookmark: _Toc513158034]Process overview 
OP100 is single stage polish of the oil seal dia. and journals, excluding the NFJ. The machine is manufactured by WorldStar™ model 1540XT worldwide manufacturer with over 78 years’ experience in designing and manufacturing micro-finishing machine tools. The WordStar™ is a benchmark for machine tool reliability and performance (Impco.com, 2013).
[image: ]The machines use abrasive tapes to polish the oil seal and journals flooding the tapes and part with mineral oil. There are no in process gauges, and the machine is intended to remove a fixed amount of material from each area as shown in figure 7.7.1. 
[bookmark: _Toc513158162]Figure 7.7.1: IPS OP100 stock removal. From, (Ford Motor Co., 2002).
The stock removal is set around 3-5 microns and is set by a number of variables. The machine relies on the film roughness grade, which is determined by the grit which has the noticeable effect on stock removal and surface finish. The speed is set by the machine, by increasing this will induce ovality so the speed set at a lower speed is recommended by the manufacturer. 
After each part has been polished, the tape indexes to expose a new section of abrasive tape. This ensures consistent stock removal and surface finish. The process only relies on a single gauge at the beginning of the shift and fine measurement check report completed daily. The lack of in process 100% gauging means that this machine can perform poorly and parts reach the new operation cause significant scrap. 
[bookmark: _Toc513158035]Modifications 
The OP100 machines C and D require little modification in terms of setting up the machine. The tooling arms remain the same the only physical differences being the Main Oil Journal A of the camshaft. Therefore, 2 sets of spare components for the tape management system was required to install the wider tape for both machines. 
An onsite meeting with the machine vendor was arranged with myself and the Manufacturing Engineer (ME) in September 2017. Provided in October was the quotation for updating the new the tape management system comprising of the film holder, film rollers and guides. At a cost of £2,150.00 per machine. The parts could not be supplied directly by the vendor and would be outsourced by the vendor. The delay in receiving parts meant a longer lead time and parts would not arrive onsite until January. 
See appendix 12.5. 
[image: ]







[bookmark: _Toc513158163]Figure 7.7.2: Side view of arms and film management. From, (Ford Motor Co., 2003b).
Installation of the new tape management system was followed by the step by step procedure developed as shown in the list below reversal will allow the machine to be converted back to base derivative: - 
1. No components present, select MANUAL and advance tool slide.
2. Open doors, isolate and lock off machine.
3. Cut film and remove the used film from the main arm 'A' and oil seal arm.
4. Remove main arm 'A' and oil seal arm film canisters.
5. Uncouple the air pipe from the upper and lower film clamps on main arm 'A'.
6. Remove tooling from main arm 'A'.
7. Loosen off clamp on the upper arm and withdraw the upper 'C' frame from the upper arm assembly.
8. Loosen off the clamp on the lower arm and withdraw the lower 'C' frame from the lower arm assembly.
9. Remove the tool location plungers from the base type main arm assemblies and fit them to the VCT upper and lower arm assemblies.
10. Fit the VCT main arm assemblies to the machine, (which should be a reversal of the removal v process).
11. Reconnect the air pipes to the upper and lower film clamps.
12. Fit the VCT main arm tooling to the arms.
13. Fit the VCT film canister and re-thread the film through the arm.
14. Remove isolation lock, close doors and power up machine.
15. Fully return the machine in MANUAL and select VCT part type on selector switch located on main pendant.
16. Cycle machine and check quality of component by gauging and fine measure. 
Installation of the new components can be seen in figure 7.7.3 










[bookmark: _Toc513158164]Figure 7.7.3: Image, left the base derivative set up, right the new set up with wider tape.

8.0 [bookmark: _Toc513158036] Results
8.1 [bookmark: _Toc513158037]RCCP 
RCCP converts the schedule into requirements for the critical resources in order to check whether sufficient resources are available to support the schedule. A 6-month forecast was obtained showing the orders for building.   
	Month 
	Forecasted Cams.

	April 
	24000

	May 
	24500

	June 
	20000

	July 
	12000

	August 
	6000

	September
	15000


[bookmark: _Toc513158172]Table 8.1.1. Forecast of camshaft production demand.
RCCP can be calculated by find the capacity requirement from reviewing the following: - 
(a) Setup time per OP (Hours) and 
(b) Forecasted demand 
(c) JPH of the production line (Constraint) 171JPH
(d) Number of working days on average available in a month 
(e) Number of hours per day (Shift)
(f) Number of machines available
Capacity requirement = (a x d) + (b / c)
Capacity available = d x e x f
· Calculations assume average number of working days in a month of 20, number of hours per shift 7.5 and constraint of 171JPH as reviewed in table 4.3.1.
· The capacity requirement is not a true reflection of the particular OP due to the constraint on the production line it can be no better.
Each month (tables 8.1.2-8.1.7) has been reviewed and the unconstrained requirement is shown. However, will not be reviewed as sufficient or insufficient for the production requirements as shown in table 8.1.8. 



	May
	
	
	
	
	
	

	OP. No.
	M/C's
	JPH/OP
	Set up time Hours
	Capacity Requirement Constrained HRS
	Capacity Requirement
Unconstrained
HRS
	Capacity Av HRS

	5
	1
	400
	0.0833
	142
	62
	150

	10
	2
	200
	0.0833
	142
	122
	300

	20
	2
	200
	1.0000
	160
	140
	300

	30
	1
	240
	0.0833
	142
	102
	150

	40
	5
	200
	0.5000
	150
	130
	750

	43
	1
	171
	0.5000
	150
	150
	150

	50
	3
	225
	0.5000
	150
	117
	450

	60
	2
	320
	0.0833
	142
	77
	300

	70
	6
	171
	0.1667
	144
	144
	900

	80
	2
	324
	0.1667
	144
	77
	300

	90
	3
	310
	0.1667
	144
	81
	450

	100
	4
	266
	0.0833
	142
	92
	600

	110
	1
	342
	0.0833
	142
	72
	150

	120
	2
	320
	0.0833
	142
	77
	300

	135
	1
	200
	0.0833
	142
	122
	150


[bookmark: _Toc513158173]Table 8.1.2: May, Calculated Requirements and Capacity.
	June
	
	
	
	
	
	

	OP. No.
	M/C's
	JPH/OP
	Set up time Hours
	Capacity Requirement Constrained HRS
	Capacity Requirement
Unconstrained
HRS
	Capacity Av HRS

	5
	1
	400
	0.0833
	145
	63
	150

	10
	2
	200
	0.0833
	145
	124
	300

	20
	2
	200
	1.0000
	163
	143
	300

	30
	1
	240
	0.0833
	145
	104
	150

	40
	5
	200
	0.5000
	153
	133
	750

	43
	1
	171
	0.5000
	153
	153
	150

	50
	3
	225
	0.5000
	153
	119
	450

	60
	2
	320
	0.0833
	145
	78
	300

	70
	6
	171
	0.1667
	147
	147
	900

	80
	2
	324
	0.1667
	147
	79
	300

	90
	3
	310
	0.1667
	147
	82
	450

	100
	4
	266
	0.0833
	145
	94
	600

	110
	1
	342
	0.0833
	145
	73
	150

	120
	2
	320
	0.0833
	145
	78
	300

	135
	1
	200
	0.0833
	145
	124
	150


[bookmark: _Toc513158174]Table 8.1.3: June, Calculated Requirements and Capacity.




	July
	
	
	
	
	
	

	OP. No.
	M/C's
	JPH/OP
	Set up time Hours
	Capacity Requirement Constrained HRS
	Capacity Requirement
Unconstrained
HRS
	Capacity Av HRS

	5
	1
	400
	0.0833
	119
	52
	150

	10
	2
	200
	0.0833
	119
	102
	300

	20
	2
	200
	1.0000
	137
	120
	300

	30
	1
	240
	0.0833
	119
	85
	150

	40
	5
	200
	0.5000
	127
	110
	750

	43
	1
	171
	0.5000
	127
	127
	150

	50
	3
	225
	0.5000
	127
	99
	450

	60
	2
	320
	0.0833
	119
	64
	300

	70
	6
	171
	0.1667
	120
	120
	900

	80
	2
	324
	0.1667
	120
	65
	300

	90
	3
	310
	0.1667
	120
	68
	450

	100
	4
	266
	0.0833
	119
	77
	600

	110
	1
	342
	0.0833
	119
	60
	150

	120
	2
	320
	0.0833
	119
	64
	300

	135
	1
	200
	0.0833
	119
	102
	150


[bookmark: _Toc513158175]Table 8.1.4: July, Calculated Requirements and Capacity.
	August
	
	
	
	
	
	

	OP. No.
	M/C's
	JPH/OP
	Set up time Hours
	Capacity Requirement Constrained HRS
	Capacity Requirement
Unconstrained
HRS
	Capacity Av HRS

	5
	1
	400
	0.0833
	72
	32
	150

	10
	2
	200
	0.0833
	72
	62
	300

	20
	2
	200
	1.0000
	90
	80
	300

	30
	1
	240
	0.0833
	72
	52
	150

	40
	5
	200
	0.5000
	80
	70
	750

	43
	1
	171
	0.5000
	80
	80
	150

	50
	3
	225
	0.5000
	80
	63
	450

	60
	2
	320
	0.0833
	72
	39
	300

	70
	6
	171
	0.1667
	74
	74
	900

	80
	2
	324
	0.1667
	74
	40
	300

	90
	3
	310
	0.1667
	74
	42
	450

	100
	4
	266
	0.0833
	72
	47
	600

	110
	1
	342
	0.0833
	72
	37
	150

	120
	2
	320
	0.0833
	72
	39
	300

	135
	1
	200
	0.0833
	72
	62
	150


[bookmark: _Toc513158176]Table 8.1.5: August, Calculated Requirements and Capacity.


	September
	
	
	
	
	
	

	OP. No.
	M/C's
	JPH/OP
	Set up time Hours
	Capacity Requirement Constrained HRS
	Capacity Requirement
Unconstrained
HRS
	Capacity Av HRS

	5
	1
	400
	0.0833
	37
	17
	150

	10
	2
	200
	0.0833
	37
	32
	300

	20
	2
	200
	1.0000
	55
	50
	300

	30
	1
	240
	0.0833
	37
	27
	150

	40
	5
	200
	0.5000
	45
	40
	750

	43
	1
	171
	0.5000
	45
	45
	150

	50
	3
	225
	0.5000
	45
	37
	450

	60
	2
	320
	0.0833
	37
	20
	300

	70
	6
	171
	0.1667
	38
	38
	900

	80
	2
	324
	0.1667
	38
	22
	300

	90
	3
	310
	0.1667
	38
	23
	450

	100
	4
	266
	0.0833
	37
	24
	600

	110
	1
	342
	0.0833
	37
	19
	150

	120
	2
	320
	0.0833
	37
	20
	300

	135
	1
	200
	0.0833
	37
	32
	150


[bookmark: _Toc513158177]Table 8.1.6: September, Calculated Requirements and Capacity.
	October 
	
	
	
	
	
	

	OP. No.
	M/C's
	JPH/OP
	Set up time Hours
	Capacity Requirement Constrained HRS
	Capacity Requirement
Unconstrained
HRS
	Capacity Av HRS

	5
	1
	400
	0.0833
	89
	39
	150

	10
	2
	200
	0.0833
	89
	77
	300

	20
	2
	200
	1.0000
	108
	95
	300

	30
	1
	240
	0.0833
	89
	64
	150

	40
	5
	200
	0.5000
	98
	85
	750

	43
	1
	171
	0.5000
	98
	98
	150

	50
	3
	225
	0.5000
	98
	77
	450

	60
	2
	320
	0.0833
	89
	49
	300

	70
	6
	171
	0.1667
	91
	91
	900

	80
	2
	324
	0.1667
	91
	50
	300

	90
	3
	310
	0.1667
	91
	52
	450

	100
	4
	266
	0.0833
	89
	58
	600

	110
	1
	342
	0.0833
	89
	46
	150

	120
	2
	320
	0.0833
	89
	49
	300

	135
	1
	200
	0.0833
	89
	77
	150


[bookmark: _Toc513158178]Table 8.1.7: October, Calculated Requirements and Capacity.
The capacity requirement will be reviewed against the capacity available to determine if the availability is sufficient or insufficient with all the data obtained. 

[bookmark: _Toc513158179]Table 8.1.8: Capacity requirements vs availability. Data from tables 8.1.2-7.
	OP. No.
	Month
	Capacity Requirement HR
	Capacity Available HRS
	Description

	5
	May 
	142
	150
	SUFFICIENT 

	 
	June 
	145
	150
	SUFFICIENT 

	 
	July 
	119
	150
	SUFFICIENT 

	 
	August 
	72
	150
	SUFFICIENT 

	 
	September
	37
	150
	SUFFICIENT 

	 
	October 
	89
	150
	SUFFICIENT 

	10
	May 
	142
	300
	SUFFICIENT 

	 
	June 
	145
	300
	SUFFICIENT 

	 
	July 
	119
	300
	SUFFICIENT 

	 
	August 
	72
	300
	SUFFICIENT 

	 
	September
	37
	300
	SUFFICIENT 

	 
	October 
	89
	300
	SUFFICIENT 

	20
	May 
	160
	300
	SUFFICIENT 

	 
	June 
	163
	300
	SUFFICIENT 

	 
	July 
	137
	300
	SUFFICIENT 

	 
	August 
	90
	300
	SUFFICIENT 

	 
	September
	55
	300
	SUFFICIENT 

	 
	October 
	108
	300
	SUFFICIENT 

	30
	May 
	142
	150
	SUFFICIENT 

	 
	June 
	145
	150
	SUFFICIENT 

	 
	July 
	119
	150
	SUFFICIENT 

	 
	August 
	72
	150
	SUFFICIENT 

	 
	September
	37
	150
	SUFFICIENT 

	 
	October 
	89
	150
	SUFFICIENT 

	40
	May 
	150
	750
	SUFFICIENT 

	 
	June 
	153
	750
	SUFFICIENT 

	 
	July 
	127
	750
	SUFFICIENT 

	 
	August 
	80
	750
	SUFFICIENT 

	 
	September
	45
	750
	SUFFICIENT 

	 
	October 
	98
	750
	SUFFICIENT 

	43
	May 
	150
	150
	INSUFFICIENT 

	 
	June 
	153
	150
	INSUFFICIENT 

	 
	July 
	127
	150
	SUFFICIENT 

	 
	August 
	80
	150
	SUFFICIENT 

	 
	September
	45
	150
	SUFFICIENT 

	 
	October 
	98
	150
	SUFFICIENT 

	50
	May
	150
	450
	SUFFICIENT 

	 
	June 
	153
	450
	SUFFICIENT 

	 
	July 
	127
	450
	SUFFICIENT 

	 
	August 
	80
	450
	SUFFICIENT 

	 
	September 
	45
	450
	SUFFICIENT 

	 
	October 

	98

	450

	SUFFICIENT


	60
	May 
	142
	300
	SUFFICIENT 

	 
	June 
	145
	300
	SUFFICIENT 

	 
	July 
	119
	300
	SUFFICIENT 

	 
	August 
	72
	300
	SUFFICIENT 

	 
	September 
	37
	300
	SUFFICIENT 

	 
	October 
	89
	300
	SUFFICIENT 

	70
	May 
	144
	900
	SUFFICIENT 

	 
	June 
	147
	900
	SUFFICIENT 

	 
	July 
	120
	900
	SUFFICIENT 

	 
	August 
	74
	900
	SUFFICIENT 

	 
	September
	38
	900
	SUFFICIENT 

	 
	October 
	91
	900
	SUFFICIENT 

	80
	May 
	144
	300
	SUFFICIENT 

	 
	June 
	147
	300
	SUFFICIENT 

	 
	July 
	120
	300
	SUFFICIENT 

	 
	August 
	74
	300
	SUFFICIENT 

	 
	September
	38
	300
	SUFFICIENT 

	 
	October 
	91
	300
	SUFFICIENT 

	90
	May 
	144
	450
	SUFFICIENT 

	 
	June 
	147
	450
	SUFFICIENT 

	 
	July 
	120
	450
	SUFFICIENT 

	 
	August 
	74
	450
	SUFFICIENT 

	 
	September
	38
	450
	SUFFICIENT 

	 
	October
	91
	450
	SUFFICIENT 

	100
	May 
	142
	600
	SUFFICIENT 

	 
	June 
	145
	600
	SUFFICIENT 

	 
	July 
	119
	600
	SUFFICIENT 

	 
	August 
	72
	600
	SUFFICIENT 

	 
	September
	37
	600
	SUFFICIENT 

	 
	October 
	89
	600
	SUFFICIENT 

	110
	May 
	142
	150
	SUFFICIENT 

	 
	June 
	145
	150
	SUFFICIENT 

	 
	July 
	119
	150
	SUFFICIENT 

	 
	August 
	72
	150
	SUFFICIENT 

	 
	September
	37
	150
	SUFFICIENT 

	 
	October 
	89
	150
	SUFFICIENT 

	120
	May 
	142
	300
	SUFFICIENT 

	 
	June 
	145
	300
	SUFFICIENT 

	 
	July 
	119
	300
	SUFFICIENT 

	 
	August 
	72
	300
	SUFFICIENT 

	 
	September
	37
	300
	SUFFICIENT 

	 
	October 
	89
	300
	SUFFICIENT 

	135
	May 
	142
	150
	SUFFICIENT 

	 
	June 
	145
	150
	SUFFICIENT 

	 
	July 
	119
	150
	SUFFICIENT 

	 
	August 
	72
	150
	SUFFICIENT 

	 
	September
	37
	150
	SUFFICIENT 

	 
	October 
	89
	150
	SUFFICIENT 


Table 8.1.8: Continued.

It is evident from table 8.1.8 that the forecast for May and June are not sufficient. At the requirement for hours for being equal or more than the capacity available. A requirement of an additional 3 hours in June is required which would require 9 minutes a day to achieve the availability required for the production. 
8.2 [bookmark: _Toc513158038]Utilisation of machines 
The additional machines can be calculated by reviewing the utilisation of all the equipment. A simple calculation to determine the maximum output now available that can be achieved (JPH) and prior to work commencing (JPH). Reviewed from table 4.2.1 and 4.3.1.
80JPH / 171JPH x 100 = 47% Utilisation.
8.3 [bookmark: _Toc513158039]OP40 Capability study 
The preferred method of capability analysis is by a Process Potential Study (Ppk>1.72) comprising of 60 samples taken on consecutive shifts/days with a sample size of minimum 2 (120 parts) as written by the organisation good practise guide this was adhered for this process. Measured consecutively using the online gauge PC the graphs from the data collected can be seen in appendices 12.6-8.  The dimensional accuracy capability study results can be seen in table 8.3.1.
	Feature Description
	OP40A
	OP40B
	OP40D

	Pos.F/Face To R/Ball
	Pp 14.36 Ppk 14.32
	Pp 10.26 Ppk 10.35
	Pp 6.05 Ppk 5.91

	Pos.T/Face To R/Ball
	Pp 12.09 Ppk 12.03
	Pp 9.68 Ppk 9.53
	Pp 4.44 Ppk 3.32

	Pos.Groove To R/Ball
	Pp 6.17  Ppk 5.71
Ppk - 1.90
	Pp 10.17 Ppk 10.08
	Pp 1.17 Ppk 1.17

	Rear Shoulder Dia
	Pp 1.95 Ppk 1.63
	Pp 2.66 Ppk 2.28
	Pp 0.92 Ppk 0.84

	No.1 Bearing Dia. 1
	Pp 4.21 Ppk 4.18
	Pp 2.83 Ppk 2.49
	Pp 0.68 Ppk 0.61

	No.1 Bearing Dia. 2
	Pp 2.84 Ppk 2.49
	Pp 1.79 Ppk 1.60
	Pp 0.45 Ppk 0.32

	Front Shoulder Dia.
	Pp 3.41 Ppk 3.20
	Pp 2.25 Ppk 1.85
	Pp 0.71 Ppk 0.43

	Oil Groove Dia.
	Pp 8.45 Ppk 8.41
	Pp 2.25 Ppk 1.82
	Pp 2.36 Ppk-2.17

	Thrust Face Width
	Pp 8.69 Ppk 6.04
	Pp 4.63 Ppk 4.04
	Pp 8.72 Ppk 3.43

	No.1 T/Face Runout
	Pp 1.97 Ppk 2.55
	Pp 2.74 Ppk  1.12
	Pp 1.98 Ppk 2.20

	No.2 T/Face Runout
	Pp 1.84 Ppk 2.22
	Pp 3.63 Ppk 0.69
	Pp 1.77 Ppk 1.79

	Front Face Runout
	Pp 1.68 Ppk 1.49
	Pp 2.23 Ppk 1.52
	Pp 1.78 Ppk 1.69

	No.1 Bearing Runout
	Pp 2.04 Ppk 3.50
	Pp 13.51 Ppk 2.19
	Pp 3.05 Ppk 4.75

	No.1 T/Face Sqr
	Pp 1.68 Ppk 1.77
	Pp 2.21 Ppk  1.20
	Pp 26.09 Ppk 50.05

	No.2 T/Face Sqr.
	Pp 3.75 Ppk 3.01
	Pp 5.90 Ppk 1.83
	Pp 6.82 Ppk 10.33

	Front Face Sqr.
	Pp 4.10 Ppk 7.41
	Pp 3.81 Ppk 0.69
	Pp 3.95 Ppk 7.21


Key : 	Pp>1.72 & Ppk<1.72 
Pp <1.72 but Ppk>1.72

[bookmark: _Toc513158180]Table 8.3.1: OP40 Dimensional accuracy – process capability values.
OP40 is the turning operation of the oil seal - journal A, chamfers, under cuts, oil groove, thrust faces and shoulders
The capability studies for the OP40 showed that the majority of the dimension were satisfactory with exception of OP40D. OP40A showed reasonable results for the diameters, with only 3 Ppk’s below the benchmark of 1.72. Therefore, did meet the established process capability. Similarly OP40B and D exhibited 5 & 6 Ppk’s below the benchmark. 
· OP40A showed variable results the with the lowest Ppk values at 
(Rear Shoulder Dia,Front Face Runout,No.1 T/Face Sqr).
· OP40B showed variable results the with the lowest Ppk values at 
(No.1 Bearing Dia. 2,No.1 T/Face Runout,Front Face Runout,No.1 T/Face Sqr,Front Face Sqr,Rear Shoulder Runout).
· OP40D showed variable results the with the lowest Ppk values at 
(Pos.Groove To R/Ball,Rear Shoulder Dia,No.1 Bearing Dia. 1,No.1 Bearing Dia. 2,Front Shoulder Dia,Front Face Runout).
All machines had difficulty producing parts in specification according to the data collected and graphs can be seen in appendices 12.6-8. The accuracy could be due to another of concerns. When unloading the parts from the machine the ‘blow off’ air system was not functioning on all machines, due to a cost saving exercise completed in order to reduce air usage in the plant. Clearly the process was not looked at and completed by people external to the area considered as an air leak. This would explain the dramatic figures as the part still has coolant and potentially swarf on the turned parts. This needs reinstating immediately and a review of the study completed again as currently the machines are not producing parts within specification from the readings taken. 







8.4 [bookmark: _Toc513158040]OP100 Capability study 
[bookmark: _Hlk513130109]The preferred method of capability analysis is by a Process Potential Study (Ppk>1.67) comprising of 60 samples taken on consecutive shifts/days with a sample size of minimum 2 (120 parts) as written by the organisation good practise guide this was adhered for this process.  
[bookmark: _Hlk513130179]120 parts were checked and marked up with identifying numbers leaving OP50 to confirm they were in specification and left to run through the OP70-90 process. They were then removed offline to perform the OP100 studies. These were then replaced on the line and stock removed in order to perform the checks on OP100C and D. (Parts 1-60, OP100C and parts 61-120, OP100D)
The parts were then collected at buy off and gauged again after going through OP110-135. Due to making the parts safe to manually handle due to carcinogenic mineral oil and the parts would be dry with the rust inhibiter present. So once the measurement retrieved from the gauges the parts could be immediately brought off and sent to customers. The graphs from the data collected can be seen in appendices 12.9-10. The dimensional accuracy capability study results can be seen in table 8.4.1.
	[bookmark: _Hlk513124200]Feature Description
	OP100C
	OP100D

	[bookmark: _Hlk511228622]Oil Seal Position 1
	Pp 1.79 Ppk 1.65
	Pp 3.28 Ppk 3.04

	Oil Seal Position 2
	Pp 0.87 Ppk 0.82
	Pp 3.32 Ppk 3.10

	Journal A Position 1
	Pp 2.88  Ppk 1.90
Ppk - 1.90
	Pp 2.53 Ppk 1.65

	Journal A Position 2
	Pp 2.08 Ppk 1.19
	Pp 1.28 Ppk 1.63

	Journal B Position 1
	Pp 1.51 Ppk 1.36
	Pp 1.99 Ppk 1.03

	Journal B Position 2
	Pp 1.04 Ppk 1.03
	Pp 1.89 Ppk 0.84

	Journal C Position 1
	Pp 2.90 Ppk 2.78
	Pp 1.70 Ppk 0.80

	Journal C Position 2
	Pp 2.19 Ppk 1.98
	Pp -1.51 Ppk-0.71

	Journal D Position 1
	Pp 2.68 Ppk 2.53
	Pp 1.42 Ppk 0.83

	Journal D Position 2
	Pp 2.06 Ppk 2.00
	Pp 1.03 Ppk  0.54

	Journal E Position 1
	Pp 1.81 Ppk1.73
	Pp 1.33 Ppk 0.95

	Journal E Position 2
	Pp 1.72 Ppk 1.63
	Pp 1.27 Ppk 0.81


Key 
Pp<1.67 & Ppk<1.67 
Pp 1.67 but Ppk>1.67
[bookmark: _Toc513158181][bookmark: _Hlk513131493]Table 8.4.1: OP100 Dimensional accuracy – process capability values.
· An analysis of the graphs can be found in table 8.4.2. 
[bookmark: _Toc513158182]Table 8.4.2: Interpretation of graphs from appendices 12.6-7.
	Feature Description
	OP100C Results
	OP100D

	Oil Seal Position 1
	Pp and PpK – Approx. centred between LSL and USL.
PpK – value low as high peaks towards LSL from mean. OK





1.72 Ppk 1.63
	Process capability normal -ok

	Oil Seal Position 2
	Pp and PpK – Approx. centred between LSL and USL.
PpK – value low as high peaks towards LSL from mean. Poor process capability


	Process capability normal -ok

	Journal A Position 1
	Process capability normal -ok
	Pp and PpK Not - centred between LSL and USL.
PpK – value low as high peaks towards LSL from mean. Poor process capability


	Journal A Position 2
	Pp value normal distribution.
PpK – value low as high peaks towards USL from mean. Poor process capability

	Pp and PpK –Not - centred between LSL and USL.
PpK – value low as high peaks towards LSL from mean, poor process capability


	Journal B Position 1
	Pp and PpK – Approx. centred between LSL and USL.
PpK – value low as high variation from mean. Poor process capability


	Pp and PpK Not - centred between LSL and USL.
PpK – value low as high peaks towards LSL from mean. Poor process capability


	Journal B Position 2
	Pp and PpK – Approx. centred between LSL and USL.
PpK – value low as high variation from mean. Poor process capability

	Pp and PpK Not centred between LSL and USL.
PpK – value low as high peaks towards LSL from mean. Poor process capability


	Journal C Position 1
	Process capability normal -ok
	Pp and PpK Not centred between LSL and USL.
PpK – value low as high peaks towards LSL from mean. Poor process capability


	Journal C Position 2
	Process capability normal -ok
	Pp and PpK Not centred between LSL and USL.
PpK – value low as high peaks towards LSL from mean. Poor process capability


	Journal D Position 1
	Process capability normal -ok
	Pp and PpK Not centred between LSL and USL.
PpK – value low as high peaks towards LSL from mean. Poor process capability


	Journal D Position 2
	Process capability normal -ok
	Pp and PpK Not centred between LSL and USL.
PpK – value low as high peaks towards LSL from mean. Poor process capability


	Journal E Position 1
	Process capability normal -ok
	Pp and PpK Not centred between LSL and USL.
PpK – value low as high peaks towards LSL from mean. Poor process capability


	Journal E Position 2
	Process capability normal -ok
	Pp and PpK Not centred between LSL and USL.
PpK – value low as high peaks towards LSL from mean. Poor process capability



Table 8.4.2: continued. 

OP100 is intended to remove a fixed amount of material and provide a polished finished the results showed: -  
· [bookmark: _Hlk511071441]OP100C showed variable results the journals with the lowest Ppk values.
· OP100D showed variable results the journals with the lowest Ppk values.
Both machines had difficulty producing parts in specification. It should be considered the stock removal figures for OP100 could by compromised by the accuracy of the gauges used. For example, in some instances, the gauge readings suggest that the microfinishing process actually increased the size of the part. 
It can be concluded that the wash filters are not performing well and the wash is displaying end of filter life fault. Although confirmed by the onsite laboratory to be adequate
After the capability study on 100D had been completed, it was discovered that the tape feed was slightly fed incorrectly, leading to greater stock removal than intended. The feed has now been configured correctly.
8.5 [bookmark: _Toc513158041]OP50 Capability study
Unable to complete study due to project being terminated in March 2018 and no benefit to project or production.

9.0 [bookmark: _Toc513158042] Discussions and Conclusions
The aim of the project was to complete the conversion of versatile able machines and identify machines that could be cannibalized. To eradicate prolong-lead times from machine vendors or limited support in spares available through the NPS system with reductions in inventory where items have not moved from the shelf. 
The experience during the upgrade of the OP100 with a pro-long lead time with the tape management system. Due to the vendor not stocking items and outsourcing the manufacturing of the components. 
The machines have exceeded their useful life and are being extended in order to meet customer demand in other growing markets as the company choose to invest in 2016 for this segment. 
9.1 [bookmark: _Toc513158043]VCT machine conversions
The machines utilised for producing VCT went well and the conversion process was done in stages. The process was documented in Section 5 in the CCAR and communication between the ME and PTM. 
Fortunately, the machines were able to be converted due to the commissioned work completed historically. It was able to be replicated however knowledge and experience had to be gained. The machines fundamentally were set up again and opportunities to document procedures were captured for future references. 
The conversion was not completed on a daily basis and was completed only when the maintenance team were able to be released. Critically during the project in January 2 operators were deployed to material planning and logistics. Which, had a dramatic effect on the project leaving the line perform with less than the RTO and the project became less of a priority. 
9.2 [bookmark: _Toc513158044]Maintenance
The maintenance on the production line is not superlative as the NPS system removal of on the shelf items. Reduction of inventory defeats the objective or the RTF maintenance strategy implemented when the line was set up at the workload when commissioned.
The spare parts held on the shelf and not moved within a 2-year period is reviewed for scrap, in order to reduce inventory. The manning of the line is fundamentally challenging and does not allow for maintenance to be performed. Inevitably the skilled maintenance team will be utilised to cover vacation and sickness not raising the budget for labour in the department. The last resort is for the company to raise an overtime budget for maintenance. 
It can be argued that the literature reviewed on obsolescence is crucial for the continued production to sustain a level of machines is vital in order to meet the forecasted customer demand. Eagle Technologies, (2015), suggested that it is essential to adopt a new approach to maintenance and preventing breakdowns is vital.
The company are aware that huge costs are involved with repair machines like the OP70 and the machines are only one major break down of the hydrostatic bearings to complete shutdown of the machine. Although, there are 6xOP70 machines that have been identified to be decommissioned in the near future. However, the reason being as the bearings have collapsed. So, spares will have to be sourced to an engineering firm or supplied from the vendor at huge costs and downtime.
Morris (2014), stated that companies need to review equipment with subject matter experts at all stages of life of the equipment. This includes parts and service availability to align with the business goals, which now is important as the focus is critical to supply an external customer.
The role of the maintenance coordinator and line engineer should conclude. However, as the maintenance is reactive and has not been prioritised as considered a low volume. The production line has deteriorated dramatically where machines are not repaired and other option of increasing capacity by incurring overtime has been favoured historically, albeit a short-term solution. 
9.3 [bookmark: _Toc513158045]Requirements 
Sustaining a level of machines to meet capacity and demand is critical as the current capacity available or number of machines does not suffice the forecast level above 24,000 camshafts in a month.   
According to the literature from Reid & Sanders (2013), planning for capacity is important if the company want to take full advantage of the demand. Agreed by Sarjono et al. (2016), capacity planning is executed well, it can meet the demand of existing customers as well as be able to increase the company’s revenue. 
Gaspersz, (2005) concurs that capacity planning reviews labour hours, machinery available. RCCP calculations performed and the current production plan currently is not sufficient due to constraints of the line and the available shift time, which will have to be increased with the level of machines. Additionally, cycle times could be reviewed improving on the equipment. 
It can be argued that another approach should be looked at including further metrics. At the time of the project Overall Equipment Effectiveness could not be adopted as the machines were not all full operation the metrics will show availability and performance and quality. 
9.4 [bookmark: _Toc513158046]Cycle time and Constraints
Hosseinabadi Farahani and Hosseini, (2012) stated “Cycle time is defined as the difference between the completion time of the last job and the start time of the first job in the system.” 
Which is important to consider as in sections 4.2 and 4.3 the cycle time considered was of the individual operation. The data captured was limited and not a true reflection of the operation. For example, the cycle time does not include downtime for tool changes and gauging while the machine is out of specification and changes are being made. Miscellaneous time, such as cleaning the machine or removal of swarf or reworking as time is required to set up for reworking.  The loading and unloading will vary depending on the position of transportation pallets in the conveyor systems. 
[bookmark: _Hlk513018349]It can be argued that a long job cycle time will result in accumulation of work in progress (Chen, 2013). Considering this from reviewing the cycle times gained for the OP70 where considered a constraint in the production line as only 6 of the machines are in a running state. 
Where other machines require significant maintenance repairs. A cycle time was gained of approximately 3 minutes with each machine producing around 28 parts per hour and increase of an extra machine would provide 196JPH, removing the constraint by capacity expansion which would remove the WIP in progress on upstream machines.  
Some theorists argue that there are various actions that could be completed Seth and Gupta, (2005) completed a study that proved eliminating wastes using value stream mapping tools to shorten cycle time. This tool could be utilised to review whether the process is efficient and become leaner. 
According to McCormick et al., (1989) on an assembly where capacity buffers have a finite buffer. In case of the camshaft line each conveyor transportation system works on a loop to loop system. Where the line is balanced with the correct number platens in each loop. This was not considered in this project. Where a production target is set McCormick et al., (1989) states this is critical to the problem to operate the maximum throughput. Additionally, methods of critical path techniques could be followed. 
When reviewing figure 4.1.1 the production line layout cannot not be altered without significant investment with an additional transfer machine. The part flow has to go through OP43 to perform the oil groove holes and cross holes. The machine could be reviewed for cycle time improvements in the future. However, this will be the bottle neck of the line determining the throughput of the line of 171JPH. 
Fundamentally the cycle time maybe improved upon in the future with continuous improvement activities. The study completed by Chen, (2013) indicates a significant financial benefit of opportunity by reducing cycle time to the company. This should be considered as future project. 
9.5 [bookmark: _Toc513158047]Capability studies
Whilst the studies revealed a lot of information if completed again the data collection and method should be reviewed. The data collection was challenging with the pressure of trying to run the newly reinstated machine and to collect measurements. 
It was not completed in the most effective way, checks should have been completed to ensure on the OP40 the coolant levels were acceptable and additionally whether filtration on the OP100 mineral oil was effective. It was pointed out during the study that the inline filters on the OP100 filter unit were not replaced during the last shutdown period of summer 2017. 
The results were taken from the computer online gauges used in production on a daily basis. Theoretically the result would have benefitted from being taken in a cleaner environment of a CMM room. The online gauges also are aged with the machines and not performing to their best standards. 
Resources when completing the study were limited and should have been supported by the ME and other team members. However, at the time it was stated production was a priority and every part were being shipped to an external supplier. 
Ideally a study should be completed in downtime and taken out of production. Furthermore, all of the online gauges calibrated and tool tips replaced and machines probed to ensure the offsets are correct. The costs associated taking a machine out of production was not an option and overruled by the production team manager at the time. The machines were producing good parts, this was not challenged or reviewed at the time. 
9.6 [bookmark: _Toc513158048]End of production 
Ford internally announced in March 2018 the business of producing VCT derivative parts in BEP fully in-house machine was to be terminated. The volumes would not be cost effective and sustainable producing heads, camshafts and conrods. 
The business needs require manning be deployed in the new business of producing the Dragon engine area a priority as production run trails are required to be completed by July to enable commissioning and handover for the build of new lower emission engines in August. 
The work to supply Elabuga has been outsourced to the diecast supplier worldwide automotive casting supplier and manufacturer of camshafts in India Solapur. Currently produce camshafts for Ford China, and Ford India (PCI Ltd., 2017).




10.0 [bookmark: _Toc513158049]Recommendations for Further Work
The project highlighted the capacity would not meet the demands anticipated in the near future. The line was initially set up initially to build the B2YY derivative with modifications made in 2002 for the newer VCT level 1 camshaft. Therefore, changing the build to B2YY 2:1 VCT with the addition of OP43 and machines converted to complete VCT machining operations. 
In order to move forward with the project further maintenance activities could be completed to adapt for the single derivative. Line balancing is required as the conveyor systems loops work on number of transport platens in each loop to allow entry and exit of work in progress. Found on the line was around 100 platens requiring maintenance repair.
Increasing the number of the platens in each loop will ensure the conveyors work efficiently and decrease cycle time. This will significantly reduce costs and ensure the constraints of the line are not starved. 
Monitoring the line to identify areas that are challenging causing constraints with the intended buffer.
Overall Equipment Effectiveness could not be adopted as the machines were not all full operation the metrics will show availability and performance and quality. 
Completion of a process capability study should be reviewed again due to the difficulties found in the results. The process did not allow parts to be removed at OP100 due to the residue oil and needed to be washed off. However, the filters in the wash needed to be change, concern was raised however deemed the filters were acceptable and to be reviewed in the summer shutdown. 
The automated gauges were confirmed parts were in specification by CMM checks. However, all automated computer gauges should be checked using repeatability and reproducibility study. To ensure measurements are replicated under normal operations and check the variation.
The business decision to end production at BEP and outsource to PCI now means the production line needs to be retired correctly. The assets need to be retired and disposed of safely and correctly. The only procedure to decommission the assets and remove offsite. The company could plan and identify electrical components that could be reused in the Sigma machining lines block and crankshaft as they continue to produce the 1.5L GDTI derivative. The lines were originally installed at the same time as the camshaft, head and con rod line. Therefore, they have a lot of similar control systems and salvage parts available if the company chooses to go down this route.  
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12.0 [bookmark: _Toc513158051] Appendices
12.1 Appendix - SCCAF 


12.2 [bookmark: _Toc513158053]Appendix – OP40 Probe calibration 
· To do this Open up parameters to enable full movement of axis 
· Once this is done fit probe to the machine and move X & Z axis until you are near the cube.
Gauge tip


Move this direction



· Mount Dial Test Indicator (DTI) gauge to the turret face and place needle of DTI on one end of the cube until it touches.
· Using hand wheel on machine move Z axis so the needle runs along the cube (you should get as near to zero as possible along the edge of the cube-tolerance 0.002mm)
· If it is out of position loosen the 3 grub screws near the cube stylus and adjust position.
· Repeat the movement across cube. Keep altering the position until cube is square.


 
Cube is square
Grub Screws located around this area

12.3 [bookmark: _Toc513158054]Appendix - OP40 Full Probe Set Up
· Fit Probe to Machine
· Open up Z & X Parameter Windows (see below)Setting Data

Parameter

Press 									   
(Box with X&Z will Display)
Using cursor navigate to each window and enter   99999.999 in each box making sure to put the         -  figure in appropriate box (box should look like below)
	X
	-  99999.999
	+  99999.999

	Z
	-  99999.999
	+  99999.999



· Now select FW 6 (to display when cube is being touched) (see below)
PLC Status
PLC Service
Service Display
Diagnosis



· Now enter 24 and press searchFW


· Should now have FW 24 displayed on screen (see below)
	`                                               7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
                 FW 24                    1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0  


	
With this display on screen if you gently press down on cube, 6-0 (highlighted above) should switch to 6-1, the back to 6-0 when finger is removed from cube. Proceed with caution

· Now index turret to tool position 1
· Using the hand wheel move turret above the cube in the centre of it   
· Select speed 1000, lower slowly onto cube until 6-0 switches to 6-1
· Back off cube one click
· Select speed 100, lower slowly onto cube until 6-0 switches to 6-1
· Back off cube one clickTool Tip

· Select speed 10, lower slowly onto cube until 6-0 switches to 6-1
· Back off cube one click
· Select speed 1, lower slowly onto cube until 6-0 switches to 6-1Stylus tip


· Press                 Screen should now display X & Z axis positionsM


· Make a note of the X axis position 
NOTE Only on the X axis does the figure need to be halved

This figure will be used for                           R 43 Parameter
					 ( R 44 Parameter – 10 from the R 43 Parameter)
E.G.
 After touching the cube on 1 increment movement, If:
X = 107.920
Divide by 2, (107.920/2 = 53.960)
 Therefore:	R43 = 53.960
		R44 = 53.960 – 10 = 43.960
· Using hand wheel, move turret away from probe to allow indexing
· Index to tool 3
· Using hand wheel move tool 3 to the side, ¾ of the way up top of cube 
· Bring up F24 display to show when tool touches (see below)
Menu Select
Diagnosis



· Using the hand wheel move tool to RH side of the cube ¾ of the way up top of cube
· Select speed 1000, lower slowly onto cube until 6-0 switches to 6-1
· Back off cube one click
· Select speed 100, lower slowly onto cube until 6-0 switches to 6-1
· Back off cube one click
· Select speed 10, lower slowly onto cube until 6-0 switches to 6-1
· Back off cube one click
· Select speed 1, lower slowly onto cube until 6-0 switches to 6-1

· Press                 Screen should now display X & Z axis positionsM


· Make a note of the Z axis position 
This figure will be used for                           R 41 Parameter
					 ( R 42 Parameter – 10 from the R 41 Parameter)
E.G.
 After touching the cube on 1 increment movement, If:
Z = 278.008To Geo Base
Parameter
Menu

· Now Press 

· Make a note of the figure in Z column for Tool 3
EG 
	If Z touching cube = 278.008
	Geo Base Figure    =- 18.412
Now calculate 		278.008 – (- 18.412) = 296.420
Therefore:	R41 = 296.420
		R42 = 296.420 – 10 = 286.420
Now the parameters R41, 42, 43&44 needs to be edited in probe values
Changing R41 – R44 Values
From main screen press:
Probe 04
Local
Program

					(Press enter)                                  	(Press enter)
			SPF 99

			    (Press edit)	

NOTE
	Probe_04 + SPF99 you will need to cursor up/down (or use page up / down) to find them
· Using cursor key go down to R41 the line will display for example:
R41	296.420 (296.010) LF

The figure in the brackets is ignored, as it is the previous value before it was edited (we put it in brackets just in case something goes wrong, then you know what the previous value was)

· To change the figures, use cursor to the end of the figure in brackets
· Press CLEAR button to delete
· Input the current value (the one outside the bracket)
· Now move cursor to the end of the current value
· Press clear button to delete the figure
· Now input the value you calculated earlier for R41
Repeat the above for R42, R43, R44 figures calculated earlier
· Put edit key into panel
· Turn key two clicksSave and Load

· Press
Question will appear “ok to overwrite?” 	Press OK 
Now probe tools
· Load Probe 04 auto program
· Select tool 1 (%2001)
· Probe tool 1
If out on X axis 		i.e. “X axis offset too big”
Go to R Parameter (enter 46 press search)	46 = X
						56 = Z
See how much tool is out by	e.g. 0.60 micron
Need to alter T1 by this amount in the X column in To Geo Base
Probe tool 1 again if it probes ok then you will need to alter all the X values for every tool by the 0.60 figure
(if it fails to probe and R46 value has gone to 1.2, then you went the wrong way and need to input         -1.2)
· Now probe tool 3 (%2003)
· If the value is out (Z axis offset too big) then you need to go to r parameter, look at figure in 56, the alter the To Geo Base figure in the Z column for tool 3
· Re-probe tool 3, if probe ok all the Z column for all the tools need to be altered by the same amount
· Now re-select probe 04 program
· Do a full sister probe
· Probe all remaining tools (%2012, %2005 etc)
Once all tools have been probed, remove probe, select part VCT or Base (whatever the machine is on) cut part
Once part has been measured, if out on X axis e.g.:
Measured out by 500 microns, this figure will need to be halved (only on the X value) so figure will be 250 microns
This figure needs to be altered in the cube parameters for R43 + R44 values (the ones entered earlier when setting up cube)
If out on Z axis then the figure it is out by needs to be changed in the R42 + R42 values (once inputted key needs to be turned and saved as before)
NOTE if X & Z are out big (+) then add deviation to R Parameters If small (-) subtract deviation from R parameters
Once altered all tools need re-probe 
Note: if re probe keeps going out on every tool, might be worth selecting tool 1, putting offset in until probes ok the altering every tool in the X by the same amount. Repeat this for Tool 3
Do a full re probe of every tool
Cut Part
Repeat above if still out on size.

12.4 [bookmark: _Toc513158055]Appendix - Fixed assets depreciable 
[bookmark: bookmark0]FM 340-21-10 Attachment I Fixed Asset Depreciable Lives and Dictionary Codes

	Sub-Accounts
	Description
	Depreciable Life (Years)

	
	
	

	5000
	LAND
	0

	LAND IMPROVEMENTS

	5100
	Land Improvements (Parking lots, Roads/Railroad outside bide, etc.)
	30

	5125
	Land Improvements, Dealerships
	25

	BUILDINGS AND RELATED

	5300
	Buildings (Structures, Permanent Walls, Nat Gas, Water Infrastructure, etc.)
	36

	5310
	Buildings, FORD LAND
	36

	5325 5330
	Buildings, Dealerships
Building Related (Enclosures and Roof)
	25 | 20

	5340
	Building System Support (e.g., HVAC) & Process Related Facility Costs
	30

	MACHINERY AND EQUIPMENT

	5400
	Robots and Portable Power Tools
	10

	5410
	Manufacturing, Assembly, and Other (includes Dealership Signs - Account 5447)
	14.5

	5420
	Manufacturing Support (Blowers, Cranes, Cooling towers, Paint System/Booth, etc.)
	20

	5485
	Stamping Press Machines & Equipment
	25

	5470
	Shipping Racks/Durable Containers
	14.5

	5471
	Shipping Racks/Durable Containers (PCAM loc's)
	5

	TRANSPORTATION EQUIPMENT

	5610
	Aircraft
	25

	5621,4
	Cars, Light Trucks
	9

	5622,6,7,8
	Buses, Heavy Trucks, Tractors, Trailers
	15

	5630
	Locomotives and Freight Cars
	25

	5640
	Boats
	40

	5650
	PMHV Batteries
	3

	SOFTWARE AND WEB DEVELOPMENT

	5710
	Externally-Purchased Software
	8

	5715
	Internally-Developed Software
	8

	OFFICE FURNITURE AND EQUIPMENT

	5910
	Office Furniture and Fixtures (Movable walls, etc.)
	12.5

	5914
	Personal Computers
	6 

	5916
	Servers
	6

	5920
	Admin/Research Equip & Communications Systems
	10

	5930
	Office Machines (Projectors, Phone Equip, etc.)
	12.5

	5940
	Auto Show Displays: Marketing Content
	3

	5940
	Auto Show Displays Kits and Equipment
	10

	6800
	POWER EQUIPMENT (Substation, Generators; etc)
	36
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OP05 Manual Load casting to automation


OP10 Auto gauge qualify castings


OP20 Centreless grind journals, oil seal, rear location dia and rear flange


OP30 Centre drill ends, tap front/rear ends and mill slot rear end


OP40 Turn journal A chamfers, under cuts, oil groove, thrust faces and shoulders


OP43 Drill oil holes in thrust face and oil grooves


OP50 Finish grind journals and oil seals 


OP60 Gauge 5 journals diameters and oil seal diameter


OP70 Find Grind cam lobes


OP80 Deburr cam lobes


OP90 Super finish cam lobes


OP110 Wash


OP100 Single stage polish oil seal dia and journals


OP120 Gauge (5) journals and oil seal


OP135 Auto gauge and marking operation for export parts to Elabuga


OP140 Final inspection and manual unload (Buy off)
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image51.png
23 |OP50 JOURNAL ‘D' RUNOUT N0.020 C-D/N 0.040 AE HI_ [100% AUTOGAUGE
24 |OP50 JOURNAL &' RUNOUT K002V HI__[100% AUTOGAUGE
25 [0P50 OIL SEAL RUNOUT R0025AE H_|INPROCESS GAUGE
26 [OP50 OIL SEAL RUNOUT R0025AE H_|INPROCESS GAUGE
27 [OP50 SURFACE FINISH: OIL SEAL AND ALL JOURNALS [09Ra VN H_|INPROCESS GAUGE
28 |OP50 ENGRAVE MACHINE 1D H

29 [OP60 OIL SEAL JOURNAL DIAMETER 038,008 20015 HI__[100% AUTOGAUGE
30 |OP60 JOURNALS A-E DIAMETER 024575 20 01 HI__[100% AUTOGAUGE
31 |OP60 JOURNALS A TO E PARALLELISM [po0os HI__[100% AUTOGAUGE
32 [OP60 JOURNALS A TO E ROUNDNESS E0005 HI__[100% AUTOGAUGE
33 [OP60 JOURNAL A RUNOUT K002V HI__[100% AUTOGAUGE
34 [OP60 JOURNAL B RUNOUT N0020AC NO040AE HI[100% AUTOGAUGE
35 [0P60 JOURNAL C RUNOUT N0020BDN005AE HI[100% AUTOGAUGE
36 [0P60 JOURNAL D RUNOUT N 0020 CENO040AE HI[100% AUTOGAUGE
37 [OP60 JOURNAL E RUNOUT N 0012 XY HI[100% AUTOGAUGE
35 [OP60 OIL SEAL RUNOUT NO005AE HI[100% AUTOGAUGE
39 [OP70 CAM LOBE BASE CIRCLE DIAMETERS 1708 63002008 H [INPROCESS GAUGE
40 |OP70 CAM LOBE BASE CIRCLE RUNOUT VNN 005 AE H [INPROCESS GAUGE
41 |OP70 CAM LOBE SURFACE FINISH 008 Ra YN HI[CMMAND 100% VISUAL CHECK
42 |OP70 CAM LOBE 1 PARALLELISM [DO0TI0AB H [INPROCESS GAUGE
43 |OP70 CAM LOBES 2 & 3 PARALLELISM EEES H[INPROCESS GAUGE





image52.png
44 [OP70 CAM LOBES 4 & 5 PARALLELISM [P 0.0110C-D HI - [INPROCESS GAUGE
45 |OF70 CAM LOBES 6,7 & 8 PARALLELISM [B00U0DE H|INPROCESS GAUGE
45 |OP70 CAM LOBE PROFILE [AS PER PART PRINT VI HI__|CAM PROFILE CHECK
47 |CF7C ANGULAR RELATIONSHIF BETWEEN CENTRLINES OF | WITHIN 0'10 H|INPROCESS GAUGE
48 | ANGULAR RELATIONSHIF BETWEEN ALL CAMS TODATUM _|WITHIN 0°18' H_|INPROCESS GAUGE
49 |OP70 CAM LOBE 1 BASE CIRCLE RUNOUT K003 A8 H_|INPROCESS GAUGE
50 |OP70 CAM LOBES 2 & 3 BASE CIRCLE RUNOUT. N003BC HI [N PROCESS GAUGE





image57.png
‘Special Characteristcs Commnication and Agreement fo all UN content is required by UNVZ.
‘Special Characterstics Communication and Agreement for allUP content s required by UPV2.

ot o S
] Charactersic Dosrption Specitcaton & Tokrance OFVER | PFER 1 cens Control ethod

[OPOSURFAGE FINSH - FRONT E REARTRRUSTFRGES R To VA i SURPACE FIVSH GAUGE AFFER TOOIGHANGE
3 [P FOLLEY FACE TENGTH WGL BALL DFWETER w0z A SURFACE FIVSH GAUGE AFFER TOOLGHANGE
[P RUST FACE UNGERCUT SIVETER T A [WFROCESS GAUGE

[P T IOURRAL ETER 500 A [WFRGCESS GAUGE

+ PO GROOVE DVETER G A OV CHECK AFTER TOOLCATGE

+ [P FRONT TRUST FACE CRAVFERSIZE CosET A PROGESS GAUGE AFTER TOOLOTANGE

[P SURFACE F IS O SEALFACE Rz A OV CHECK AFTER TOOLERANGE

[P PERPENDICULARITY - FRONT § REAR TARUSTFAGES [T00T877X7 A WFROCESS GAUGE

+ [P PERPENDICULARITY - FRONTFACE oot A [WFROCESS GAUGE

5 [oPA0 THRUST FAGE RUNOUT FRONT ANS REAR RELTO XY [N O02Y AW FROCESS GAUGEFAGOWGRAPH

7 [oPAOTARUST SEARING DIWETER 50503 AW FROCESS GAUGEFAGOWGRAFH

12 [oPAOOT SEAL FACERONGUT RoERY A OWWTAFTER TOOLGHANGE

13 [OPAD L GROOVE GEFTARABILS RETECFTERS A OV AFTER TOOLGHANGE

14 [oPIOENGRAVE ACHIE D H.

15 [oPE0OL SEAL DIVETER e A [TG0% AUTOGAUGE

15 [OPE0 TOURRALS A To € BIAVETER 27 001 A [To0% AUTOGAUGE

17 [0P20 JOURRALS A To € FARALLELSH Bous A [To0% AUTOGAUGE

15 [OP30 JOURRALS A To E ROUNDRESS Eows A CAPROPIE CRECR

15 [OP20 JOURRAL R RUNGUT ReoY A [160% AUTOGAUGE

20 [OPS0TOURNAL S RUNGUT ROGOACTN OO AE A [To0% AUTOGAUGE

2 [OPS0TOURNAL e RUNGUT ROGOEOINOBAE A [To0% AUTOGAUGE

2 1075 JOURNAL D RUNGUT o020 G0N oG AT A Hio0% AUTOGAUGE





image58.png
23 |OP50 JOURNAL ‘D' RUNOUT N0.020 C-D/N 0.040 AE HI_ [100% AUTOGAUGE
24 |OP50 JOURNAL &' RUNOUT K002V HI__[100% AUTOGAUGE
25 [0P50 OIL SEAL RUNOUT R0025AE H_|INPROCESS GAUGE
26 [OP50 OIL SEAL RUNOUT R0025AE H_|INPROCESS GAUGE
27 [OP50 SURFACE FINISH: OIL SEAL AND ALL JOURNALS [09Ra VN H_|INPROCESS GAUGE
28 |OP50 ENGRAVE MACHINE 1D H

29 [OP60 OIL SEAL JOURNAL DIAMETER 038,008 20015 HI__[100% AUTOGAUGE
30 |OP60 JOURNALS A-E DIAMETER 024575 20 01 HI__[100% AUTOGAUGE
31 |OP60 JOURNALS A TO E PARALLELISM [po0os HI__[100% AUTOGAUGE
32 [OP60 JOURNALS A TO E ROUNDNESS E0005 HI__[100% AUTOGAUGE
33 [OP60 JOURNAL A RUNOUT K002V HI__[100% AUTOGAUGE
34 [OP60 JOURNAL B RUNOUT N0020AC NO040AE HI[100% AUTOGAUGE
35 [0P60 JOURNAL C RUNOUT N0020BDN005AE HI[100% AUTOGAUGE
36 [0P60 JOURNAL D RUNOUT N 0020 CENO040AE HI[100% AUTOGAUGE
37 [OP60 JOURNAL E RUNOUT N 0012 XY HI[100% AUTOGAUGE
35 [OP60 OIL SEAL RUNOUT NO005AE HI[100% AUTOGAUGE
39 [OP70 CAM LOBE BASE CIRCLE DIAMETERS 1708 63002008 H [INPROCESS GAUGE
40 |OP70 CAM LOBE BASE CIRCLE RUNOUT VNN 005 AE H [INPROCESS GAUGE
41 |OP70 CAM LOBE SURFACE FINISH 008 Ra YN HI[CMMAND 100% VISUAL CHECK
42 |OP70 CAM LOBE 1 PARALLELISM [DO0TI0AB H [INPROCESS GAUGE
43 |OP70 CAM LOBES 2 & 3 PARALLELISM EEES H[INPROCESS GAUGE





image59.png
44 [OP70 CAM LOBES 4 & 5 PARALLELISM [P 0.0110C-D HI - [INPROCESS GAUGE
45 |OF70 CAM LOBES 6,7 & 8 PARALLELISM [B00U0DE H|INPROCESS GAUGE
45 |OP70 CAM LOBE PROFILE [AS PER PART PRINT VI HI__|CAM PROFILE CHECK
47 |CF7C ANGULAR RELATIONSHIF BETWEEN CENTRLINES OF | WITHIN 0'10 H|INPROCESS GAUGE
48 | ANGULAR RELATIONSHIF BETWEEN ALL CAMS TODATUM _|WITHIN 0°18' H_|INPROCESS GAUGE
49 |OP70 CAM LOBE 1 BASE CIRCLE RUNOUT K003 A8 H_|INPROCESS GAUGE
50 |OP70 CAM LOBES 2 & 3 BASE CIRCLE RUNOUT. N003BC HI [N PROCESS GAUGE





image53.png
Qnev

Dear M Griffiths,

Imeco

Microfinishing

Further to our discussion and my previous visit please find attached our proposal to provide spare.
‘compoenntsfor tape management on your camshaft machine.

10 scope

= Spare components for additional tape management for one camshaft machine.

2 costing
2.0 Components - Film Holder
e Description Qv | feh | Towl
201 | P 48120 Bushing 2 [ enoo| 00
202_| 111000130 TRUARC 1 [ enoo| enoo
203 | 59990173 Rectangular cap 1 [ ewoo| emoo
200 9501182195 Pin reel 1 [ mo| mo
205 5501134-155 Block spacer 1 [ oso0| 00
206 Actuator 1 [ emoo| emo0
207 | Tensioner 2 [ ewoo| 00
208 | o5D1181.15.0Pad 1 [ o] 00
209 | 5501459195 Spacer & | enoo] e2s600
21 5501180 Am 1 [ ero] 700
211 [ 5501179 Plteleft 1 [eioo] enioo
212 5501178 Plate right 1 [ewioo] ennioo
Total | 81600
2.1 Components - Film Roller
e Description Qy | fh [ Towl
21| 5501326€ Fim Roller 10 | e2300] E23000
211 55D1310¢ Plate Clamp. 1 [ eao0] 00
1 | SSDISE LSS Plate spoot sc0] 2800
keeper 1
213 5501304 19.5 Spool fim 1 [ oso0| %00
Total |_£30800
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22 Components - Film guides

e Description
22 | Ase1UBs 21 pad

221 | AS61086 20 Roller ront

203 | AS61086.19 Pin roler

20t AS61088 18 Block camp
205 | AS61087 Guide front fim
206 | AS61088 16 Frame fim guide
2.07_| AS61084.04 Rolle Rear

208 | AS61047 guide rear im

£1000] _£a000
£3.00] £13800
©200] £17600
6100|1220
£1500] £3000
E21000] £a28.00
2300|500
100 £7100
Total | e102800

|- oo | |- |2

Total Spares for oné machine | £2152.00

3 Delivery
46 weeks form recept of witten order

4 Paymentterms
Standard FMC payment terms. VAT will be charged st the prevaiing rate.

trust that the above has your full understanding however futher detail can be supplied as
regquested.

Kind regards

y/

RobertFrankum
European Sales and Marketing Director
NEUTEQEurope Ltd
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Nov 3th

Nov 10th Nov 17th Nov 24th

Dec 1st

Dec 8th

Dec 15th

Dec 22nd

Dec 29th

Jan 5th

Jan 12th Jan 19th Jan 26th

Feb 2rd

Feb 9th

Feb 16th

Feb 23rd

Mar 2nd

Mar 9th

Mar 16th

Mar 23rd

Mar 30th

Project understanding

SD SD

Line familiarisation 

SD SD

Capacity understanding

SD SD

RTO standard and workloads

SD SD

Identify Machines capable of being converted

SD SD

Generate task list in CCAR format

SD SD

OP10B verfiy 

SD SD

OP20B Conversion 

SD SD

OP40 A Conversion

SD SD

OP40 B Conversion

SD SD

OP40 D Coversion

SD SD

OP50 D program 

SD SD

OP50 D Reconfigure wheel VCT - Wheel setup and Gauge adjust

SD SD

OP50 D Reteach pick up and load positions

SD SD

OP50 D Error Proofing

SD SD

OP70 Program update bring online 32

SD SD

Liase with Line Engineer and vendor OP100 tape management

SD SD

Parts on order and delivery OP100

SD SD

OP100C Conversion 

SD SD

OP100D Conversion 

SD SD

OP100CD GSA 

SD SD

Error proof plate OP100

SD SD
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Work Done

Idle time

Key 
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Date: 24/04/2018 Area: Reported by: Maintenance

10%20%30%40%50%60%70%80%90%

100%

1 N 10B Qualify check for VCT  06/10/2017 Trial part  ECS 24/11/2017

2 N 20B Error Proofing 06/10/2017 EWAB part entry silhouette plate MMC/ Apprentice 24/11/2017 24/11/2017 Copy from 20B failsafe

3 N 20B  VCT Program upgrade 06/10/2017 Captured program from 20C  ECS / controls 24/11/2017 10/11/2017 Done OK

4 N 20B  VCT part present cable  06/10/2017 Install new cable and proxy ECS 24/11/2017 10/11/2017 Done OK

5 N 20B  7 Wheel upgrade 06/10/2017 Wheels to be inserted Wheel Mounter 24/11/2017 10/11/2017 Done Ok

6 N 20B  Fenn gauge calibration with VCT part 06/10/2017 Set up  ECS 24/11/2017 24/11/2017

7 N 20B GSA Reteach pick up and load positions 06/10/2017 Manual teach with pendant ECS 24/11/2017 24/11/2017

8 N 20 B Master machine set up 06/10/2017 Follow set up from manual Trade / Controls 24/11/2017 29/11/2015 Done

9 N 40s  OP40 – Backups 06/10/2017 Ghost Hard drives ECS / Electronics 24/11/2017 24/11/2017 Electronics assist 

10 N 40ABD VCT tools to be fitted to turret 06/10/2017 Fit all new tools to turrets Operator 13/09/2017 13/09/2017 Done 

11 N 40ABD Gauge feature 7 and parts missing 06/10/2017 Gauges to be reparied Gauge maintenance  13/09/2017 13/09/2017 Done

12 N 40A  Complete tool probe set up, MC set up 06/10/2017

Follow Set up guide Single Point 

Lesson

ECS 01/09/2017 05/01/2018

Probe transducer not centring 

failed raised with maintenance 

co. Reported 6/12/17

13 N 40B  Complete tool probe set up, MC set up 06/10/2017

Follow Set up guide Single Point 

Lesson

ECS 20/10/2018 27/10/2018 Done

14 N 40D Complete tool probe set up, MC set up 06/10/2017

Follow Set up guide Single Point 

Lesson

ECS 20/10/2018 27/10/2018 Done

15 N 50D VCT Program upgrade 06/10/2017 Capture from 50A  ECS / controls 26/01/2018 26/01/2018 Done OK

16 N 50D Machine set up 06/10/2017 Set up  ECS 23/02/2018 23/02/2018

17 N 50D Reteach pick up and load positions 06/10/2017 Manual teach with pendant ECS 02/03/2018 02/03/2018 Done OK

18 N 50D Error Proofing 06/10/2017 EWAB part entry silhouette plate MMC/ Apprentice 23/02/2018 23/02/2018

19 N 50D Wheel upgrade 06/10/2017 Wheels to be inserted Wheel Mounter 08/12/2017 08/12/2017 Done Ok

20 N 70 / 32 Unable to machine - Non functional journal 06/10/2017

Follow Set up guide Single Point 

Lesson

ECS 06/10/2017 06/10/2017 Done, followed vendor support

21 N 100 C Source spare parts 06/10/2017 Vendor support quote ECS / Engineer 29/09/2017 12/01/2018

Parts on order 5/10/17 ETA 

12/1/18 delay from outsourced 

supplier

22 N 100 D Source spare parts 06/10/2017 Vendor support quote ECS / Engineer 29/09/2017 12/01/2018

Parts on order 5/10/17 ETA 

12/1/18 delay from outsourced 

supplier

23 N 100 C Tapes to wide for cassettes Journal A 06/10/2017

Upgrade cassettes to wider 22mm 

tape

ECS / Engineer 19/01/2018 19/01/2018 Done

24 N 100 D Tapes to wide for cassettes Journal A 06/10/2017

Upgrade cassettes to wider 22mm 

tape

ECS / Engineer 19/01/2018 19/01/2018 Done

25 N 100 CD GSA  Reteach pick up and load positions 06/10/2017 Manual teach with pendant ECS 19/01/2018 26/01/2018 Done

26 N 100 CD GSA  Error Proofing 06/10/2017 EWAB part entry silhouette plate MMC/ Apprentice 19/01/2018 26/01/2018 Done

RESPONSIBILITY

TARGET 

DATE

PROGRESS

ACTUAL DATE REMARKS REF. NO.

SAFETY

?

OPERATION or 

COMPONENT

 CAMLINE VCT CHANGEOVER CONCERN AND CORRECTIVE ACTION REPORT

8530

CONCERN

RAISED 

DATE

CORRECTIVE ACTION AND 

RECOMMENDATIONS
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Adaptable  Vendor

Vendor 

Support

Machine Condition  Comments/Work 

OP10A Yes Marposs No Retire - Cannibalization  Not Required

OP10B Yes Marposs No Running B2YY  No modifications ok to run

OP20A Yes Gustina Limited Retire - Cannibalization  Not Required

OP20B Yes Gustina Limited Running B2YY 

Modification - Insert program, change 

mulitiwheel set up and check positions on 

load/unloading

OP40A Yes BSA No Running B2YY 

Insert tooling required for VCT on turret, insert 

VCT program to machine and gauge, check 

positions on loading/unloading

OP40B Yes BSA No Running B2YY 

Insert tooling required for VCT on turret, insert 

VCT program to machine and gauge, check 

positions on loading/unloading

OP40C Yes BSA No Retire - Cannibalization  Not Required

OP40D Yes BSA No Running B2YY 

Insert tooling required for VCT on turret, insert 

VCT program to machine and gauge, check 

positions on loading/unloading

OP50B Yes Landis Limited Retire - Cannibalization  Not Required

OP50D Yes Landis Limited Running B2YY 

Modification - Insert program, change 

mulitiwheel set up and check positions on 

load/unloading

OP70C Yes Landis Limited Decommisioned - Hydrostatic bearing collapsed Not Required

OP70D Yes Landis Limited Decommisioned - Hydrostatic bearing collapsed Not Required

OP70E Yes Landis Limited Decommisioned - Hydrostatic bearing collapsed Not Required

OP70F Yes Landis Limited Running B2YY  Modification - Convert program to run ID ring

OP70H Yes Landis Limited Decommisioned - Hydrostatic bearing collapsed Not Required

OP70I Yes Landis Limited Decommisioned - Hydrostatic bearing collapsed Not Required

OP70J Yes Landis Limited Decommisioned - Hydrostatic bearing collapsed Not Required

OP100C Yes Microfinish Yes Running B2YY 

Requires mechanical modifications, check 

load/unloading positions

OP100D Yes Microfinish Yes Running B2YY 

Requires mechanical modifications, check 

load/unloading positions
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When you havs edited al the lines lsted below, a the promptwhars conirol is asking for na lins to
bo acitedjust prss the ontor key again o tho keyboard and the SPEDIT functon willbe complatad.
"o ansure the corrol updates wih naw modiicaton you must than antar e fllowing command
SETUP (e sntr key on keyboard)

‘Switchoff the Edit key (key458) in the rea elacticalcabinet, check that the corrct program can ba
‘manaly seloctad on the componen change page and fetu machine o productin.

Gurrart ines in machine 671 & 672
671 PP11 - "4MSGEA2S6-CA”
672 PP12 - "4MSGEA25S-CA”

To be replaced with:

672 PP12 - "4M5GEA256-DA"

Gurrart ines in machina 1624 & 1625
1624 IF PP11 > NULLTHEN UKEY 3, "SELECT- "4M5G8A" 266-CA" "SELPP11-
1625 IF PP12 = NULL THEN UKEY 4 "SELECT- "4M5GeA" 265-CA" "SELPP12"
To be replaced with

1624 IF PP11 > NULL THEN UKEY 3, "SELECT- "4M5G8A" 266-DA" "SELPP11-
1625 IF PP12 = NULL THEN UKEY 4 "SELECT- "4M5G8A" 265-DA" "SELPP12"
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Grinding | Ultra Precision fives

‘Engineer:, Alan Eaton.

Date of Call: WE 5" Apri 2015

Landis Machine Number: 555-01 (o 85512

‘Customer Machine Number: 070 Sigma Cam ‘Customer Order Number:

‘Contact Name: Cai Jors. Position: Enginesr

rmation to. 170 Lobe grinders LN to New

" VCT Part programs
“Th new programs for “DA" VCT can be found on CD attached to this raport

“The new part programs for “DA” VCT need to be added into the part program direcory,
Using the softkeys navigate hrough the fllowing pages “Parameter Changa/ Setu,
“Parametar Change More keys", -Part Program Keys", “Load A Part Program”
Youwillbe promptad*Do you want toload mara than on program ?., press Yes Key.
Now startloading the ‘nowpart.pp" from the axteral davice.

The now profile and workspeed for “DA" VCT need to be added into the Car data diector,
Using the softkeys navigato trough th following pages “Parameter Ghange! Setup',
“Parametar Changs More ks, Cam data keys', ‘Load Cam Data"

Now start oading the ‘dring.cd" rom the external device.

A now parameter 2set noads o bocrastd for grinding the D Ring.
Usingtho softkeys avigate tough th follving pages “Parameter Changa! Setp

“Infoad Parameter Change',now 19p fough th parametars and whera 1 aske Fead from
parametorsat and Wrka oo parametar af youwil eed 1o AEAD from 1 and WAITE fo 2, row
Sop rough ail parametars and set 2 il b croated

‘Then you need to modify parameter set 2 as listed below -

READ INFEED PARAMETER SET(1T069) -2
WRITE INFEED PARAMETER SET (170 64) 2
FAPID FEED RATE (s - 14000000
TOTALAMOUNT OF FEED (o) - 200000
SIZEEND POINT (o) 000000
NUMBER OF INCREMENTS(07020) -5
INCREMENT | nm) - 045000
INCREMENT 2 () - 045000
INCREMENT 3 () - 045000
INCREMENT 4 () - 040000
INCREMENT S () - 015000
INCREMENT § () - 207500
INCREMENT 7 () - 202000

Fives Landis Ltd (R
Cros s, keghey, west vorkstire, 802075, Uk )

T a8 (01558 655701 a4 0 538 3 =
o e com
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INCREMENT 5: 000200
ST INCREMENT FEED RATE (/e 200000

MID INCREMENT FEED RATE (mce) 200000
LASTINCREMENT FEED RATE (i) - 200000

NUMBER OF WORKSPEEDS (170-4) 2
WORKSPEED 1 (PM) - 135000

WORKSPEED PROFILE (1 T03) -1

WORKSPEED | INCREMENT ANGLE (deg - 3500000
WORKSPEED 2 (RP) - 40000

WORKSPEED PROFILE (1 T03) -2

WORKSPEED 2 INCREMENT ANGLE (deg - 3500000

STAKT WORKSPEED 2AT START OF INCREMENT -7
"CARRIAGE REQIP SPEED) (0 =OFF) (17) - 0000
SZEADJUST CURRENT SET ON RADIUS mon) - 0100000
'FOOTSTOCK LOW PRESSURE AT START OF INCREMENT - 0
NUMBER OF TURNS AT SZE -2

‘COOLANT OFF AT START OF INCREMENT (0=0FF) - 7
TRAVERSE LENGTH () - 000000

FEED RESET ANGLE (do) 5000

‘System Program Modifications

‘Tho machine should b powered on but should notin automatic mode.
‘Switch on the Edit key (key 455) found in the rear dlectrcal cabinst.

On the HMI yps in the following commands (Highligted in blus bt),

‘SPEDIT (han anter button on keyboard) i
Youwillthen ba prompted for aina numbr.

Typs 671 then again entar on keyboard,

“The machine will then display line 671 of the system program. You can then press the ‘backspace”
key and dalate the partof the lina which needs corracting, then typa the corract characters to modify
1 e, When you havs corracted e e the pogram procs ENTER key an keyboard again, ha
contel st l sy modcason o s i srs 4 gty oo e
exinto
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When you havs edited al the lines lsted below, a the promptwhars conirol is asking for na lins to
bo acitedjust prss the ontor key again o tho keyboard and the SPEDIT functon willbe complatad.
"o ansure the corrol updates wih naw modiicaton you must than antar e fllowing command
SETUP (e sntr key on keyboard)

‘Switchoff the Edit key (key458) in the rea elacticalcabinet, check that the corrct program can ba
‘manaly seloctad on the componen change page and fetu machine o productin.

Gurrart ines in machine 671 & 672
671 PP11 - "4MSGEA2S6-CA”
672 PP12 - "4MSGEA25S-CA”

To be replaced with:

672 PP12 - "4M5GEA256-DA"

Gurrart ines in machina 1624 & 1625
1624 IF PP11 > NULLTHEN UKEY 3, "SELECT- "4M5G8A" 266-CA" "SELPP11-
1625 IF PP12 = NULL THEN UKEY 4 "SELECT- "4M5GeA" 265-CA" "SELPP12"
To be replaced with

1624 IF PP11 > NULL THEN UKEY 3, "SELECT- "4M5G8A" 266-DA" "SELPP11-
1625 IF PP12 = NULL THEN UKEY 4 "SELECT- "4M5G8A" 265-DA" "SELPP12"
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Grinding | Ultra Precision fives

‘Engineer:, Alan Eaton.

Date of Call: WE 5" Apri 2015

Landis Machine Number: 555-01 (o 85512

‘Customer Machine Number: 070 Sigma Cam ‘Customer Order Number:

‘Contact Name: Cai Jors. Position: Enginesr

rmation to. 170 Lobe grinders LN to New

" VCT Part programs
“Th new programs for “DA" VCT can be found on CD attached to this raport

“The new part programs for “DA” VCT need to be added into the part program direcory,
Using the softkeys navigate hrough the fllowing pages “Parameter Changa/ Setu,
“Parametar Change More keys", -Part Program Keys", “Load A Part Program”
Youwillbe promptad*Do you want toload mara than on program ?., press Yes Key.
Now startloading the ‘nowpart.pp" from the axteral davice.

The now profile and workspeed for “DA" VCT need to be added into the Car data diector,
Using the softkeys navigato trough th following pages “Parameter Ghange! Setup',
“Parametar Changs More ks, Cam data keys', ‘Load Cam Data"

Now start oading the ‘dring.cd" rom the external device.

A now parameter 2set noads o bocrastd for grinding the D Ring.
Usingtho softkeys avigate tough th follving pages “Parameter Changa! Setp

“Infoad Parameter Change',now 19p fough th parametars and whera 1 aske Fead from
parametorsat and Wrka oo parametar af youwil eed 1o AEAD from 1 and WAITE fo 2, row
Sop rough ail parametars and set 2 il b croated

‘Then you need to modify parameter set 2 as listed below -

READ INFEED PARAMETER SET(1T069) -2
WRITE INFEED PARAMETER SET (170 64) 2
FAPID FEED RATE (s - 14000000
TOTALAMOUNT OF FEED (o) - 200000
SIZEEND POINT (o) 000000
NUMBER OF INCREMENTS(07020) -5
INCREMENT | nm) - 045000
INCREMENT 2 () - 045000
INCREMENT 3 () - 045000
INCREMENT 4 () - 040000
INCREMENT S () - 015000
INCREMENT § () - 207500
INCREMENT 7 () - 202000

Fives Landis Ltd (R
Cros s, keghey, west vorkstire, 802075, Uk )

T a8 (01558 655701 a4 0 538 3 =
o e com
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INCREMENT 5: 000200
ST INCREMENT FEED RATE (/e 200000

MID INCREMENT FEED RATE (mce) 200000
LASTINCREMENT FEED RATE (i) - 200000

NUMBER OF WORKSPEEDS (170-4) 2
WORKSPEED 1 (PM) - 135000

WORKSPEED PROFILE (1 T03) -1

WORKSPEED | INCREMENT ANGLE (deg - 3500000
WORKSPEED 2 (RP) - 40000

WORKSPEED PROFILE (1 T03) -2

WORKSPEED 2 INCREMENT ANGLE (deg - 3500000

STAKT WORKSPEED 2AT START OF INCREMENT -7
"CARRIAGE REQIP SPEED) (0 =OFF) (17) - 0000
SZEADJUST CURRENT SET ON RADIUS mon) - 0100000
'FOOTSTOCK LOW PRESSURE AT START OF INCREMENT - 0
NUMBER OF TURNS AT SZE -2

‘COOLANT OFF AT START OF INCREMENT (0=0FF) - 7
TRAVERSE LENGTH () - 000000

FEED RESET ANGLE (do) 5000

‘System Program Modifications

‘Tho machine should b powered on but should notin automatic mode.
‘Switch on the Edit key (key 455) found in the rear dlectrcal cabinst.

On the HMI yps in the following commands (Highligted in blus bt),

‘SPEDIT (han anter button on keyboard) i
Youwillthen ba prompted for aina numbr.

Typs 671 then again entar on keyboard,

“The machine will then display line 671 of the system program. You can then press the ‘backspace”
key and dalate the partof the lina which needs corracting, then typa the corract characters to modify
1 e, When you havs corracted e e the pogram procs ENTER key an keyboard again, ha
contel st l sy modcason o s i srs 4 gty oo e
exinto
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‘Special Characteristcs Commnication and Agreement fo all UN content is required by UNVZ.
‘Special Characterstics Communication and Agreement for allUP content s required by UPV2.
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