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0.0 Abstract 

 

This project looks at the impact of lost production due to gantry stoppages on the AJ133/126 

block machining line within Ford Motor Company Bridgend Engine plant. Various problems 

during production affect output of blocks per shift, averaging 19.5 JPH (jobs per hour i.e. 

number of blocks machined per hour) with a target of 24 JPH to meet the demand from 

Jaguar-Land Rover of 145,000 units per annum (Appendix 1). This deficit in production is 

potentially costing the company around £11,000,000 per year in reduced throughput 

(Appendix 2). This project looks at root issues causing this deficit in production and 

implements a solution that will help to narrow it.  

Production data was collected over a three month period. This data was interrogated to 

realise the common causes of gantry down-time, scaffolding erection/removal. 

Scaffolding is currently erected when certain corrective maintenance activities need to be 

carried out; this costs the company around £3,000 a month in scaffolding costs (Appendix 3). 

Another project is currently being carried out to reduce the numbers of breakdowns with the 

introduction of a preventative maintenance team. This should lead to a reduction in the 

number of breakdowns that require the scaffolding but the preventative maintenance team 

will need scaffolding access to carry out some of the preventative tasks.  

The most cost effective method to overcome this problem was to erect permanent guarding 

on top of the machine that could be accessed using a communal platform. Various types of 

guarding construction were considered for cost and safety prior to the final design. Kits were 

made up for each of the types of CNC machines that needed access (Specht 500W & 

500D). In order to implement this new guarding, several methods of installation were 

considered but most proved to be impractical. Installation was scheduled during planned 

down time and occasionally during breakdown maintenance operations when spare people 

were available to install. 

Documentation is to be produced not only to verify the safety of this new equipment, in the 

form of risk assessments, but to ensure good working practices during installation and 

subsequent use of the new guarding.  Maintenance on the guarding is scheduled in the form 

checks every three months via a ford production system tool, SMS (scheduled maintenance 

sheets). 
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1.0 Introduction  

 

1.1 History 

 

Ford Motor Company is a multinational corporation founded in 1903 by Henry Ford. With 

Headquarters based in Dearborn, Michigan, USA, Ford employs around 201,000 people in 

six continents (Ford Motor Comapany, 2017) and has the title of the forth largest car 

manufacturer in the world (MBASkool, 2017). 

Ford began operations in Britain in 1909 and currently operates three major manufacturing 

sites in the UK; Bridgend Engine plant, Dagenham Engine Plant and Halewood, as well as 

Dunton Technical Centre which is concerned with research and development. 

Bridgend Engine Plant was built in 1978 and produced its first engine in 1979. Currently 

there are two main production lines; The Sigma line which produces 1.25 - 1.6 litre Sigma 

and GTDi engines used in a number of Ford cars including the Fiesta and Mondeo, with 

smaller numbers being bought for specialist purposes such as Yamaha boats. The AJ133 

line produces 3.0L V6s, 3.0L V6 turbos and 5.0L V8 engines for Jaguar Land Rover. The two 

production lines are fed from a number of smaller machining lines within the plant, one such 

line which feeds the AJ production line is the PAG block machining line. It is this line that will 

be the focus of this project. 
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1.2 Problem 

 

The area that this report looks at focuses on PAG Block Machining. This line machines three 

main variants of engine Blocks, The V6 3.0L, V6 3.0L turbo and the V8 5.0L (figure 1). 

PAG block machining has historically had a hard time keeping up with demand even though 

theoretically it has excess capacity; 100% JPH is 35, target is 24 JPH but current production 

averages 19.5 JPH (Appendix 1). It is plagued by a number of known and unknown factors 

that consistently limit production. There are currently a number of both standard (for obvious 

problems) and Six Sigma projects being carried out within PAG block machining which 

management hopes will act as a pincer movement to help address the low production rates. 

It is through this pincer initiative that this low JPH has come to the author's attention. She 

has been told to investigate the sources of this downtime and look to reduce it in order to 

increase overall production. 

This machining line is cell based in design; gantry cranes feed parts in and out of individual 

machines within a cell. One of the main advantages of cell based production is that if one 

machine in a cell is shutdown for maintenance, the other machines can continue to run. This 

method allows for a reduced drop in production in comparison to transfer lines if there is a 

failure. However, this advantage does not pass on to the gantries or washes. If either must 

be shutdown for any reason, production will become blocked on all previous machines and 

starved further down the line. For this reason, gantry and wash time is critical and any time 

lost at these points can quickly have a knock on effect on production. 

Figure 1: Picture of a V6 block between machining cells 
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2.0 Aim and Objectives 

 

 

2.1 Aim 

 

Investigate, quantify and diminish the problem of reduced production due to downtime of 

gantries. 

 

2.2 Objectives 

 

 Gather data using tools such as POSMON to quantify the current cost to the 

company due to gantry shutdown time. 

 

 Identify the main causes of shutdown time. 

 

 Brainstorm ideas that would stop/help to reduce this. 

 

 Implement a solution and quantify estimated cost savings. 
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3.0 Literature review 

 

3.1 Total Quality Management 

 

Total Quality Management (TQM) is a forerunner to popular quality improvement systems 

such as Lean and Six Sigma. TQM is a management based approach to quality focusing on 

customer requirements while keeping costs to a minimum. There are four main parts to 

TQM; quality planning, quality assurance, quality control and quality improvement (Hakes, 

1991). Progress comes from analysis and improvement in work process following the Plan, 

Do Check, Act cycle (Deming, 1950). Unfortunately, one of the main disadvantages is that it 

is very difficult to fully implement. It requires large upfront costs and although, with the 

correct implementation, it will make money in the long run, many companies are unwilling to 

make that initial leap (BusinessKnowledgeSource, 2010). The system itself focuses on 

customer needs so much that it can often ignore large problems such as the hidden factory, 

wastes and other non-process based issues. TQM projects do not have specific bottom line 

metrics that enable teams to understand and visualise the benefits, because of this 

historically TQM projects were easily shelved when times got tough. As previously 

mentioned TQM is being superseded by Lean and Six Sigma, these newer methods take the 

best tools, such as continual improvement, plan-do-check-act and company-wide alignment.  

 

3.2 Lean Manufacturing 

 

The objective of lean manufacturing is to get more for less. This can be done by following a 

number of principles. Most sources agree that value streaming, variation reduction and 

increased flow are the main doctrines of lean (Ruffa, (2008), Wilson, (2009), Earley, (2016)). 

Ruffa, (2008) talks about lean manufacturing as a tool to enable companies to prepare for 

unexpected changes. He says that instead of floundering and prehaps going under, a lean 

buisness should be prepared for sudden changes and adapt to new operational 

requirements. Lean  looks at processes and strives to remove waste therfore increasing 

flow. A system with no waste is faster and by definition quicker to adapt and cheaper as less 

money is wasted in problem areas such as high inventory and over processing. With proper  

implimentation of lean dynamics a business undergoes a transformational change, systems 

flow better and work arounds are eleminated. 
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3.3 Six Sigma 

 

The main aim for Six Sigma is to create an organisation with as close to error free processes 

as possible. The name Six Sigma alludes to this aim. Sigma itself is a term that is used to 

define the variability of a process. There are levels of sigma that are used to quantify a 

processes level of performance; these levels are obtained by corresponding numbers of 

standard deviations around a process data set. The more standard deviations that can fit 

between acceptable upper and lower process limits, the narrower the bell curve and the less 

likely that a defect will occur in said process, hence Six Sigma performs better than 1-5 

sigma [Figure 2]. (SixSigma Institute, 2018) 

 

Figure 2: Bell curves of various sigma's shown around the mean process value. Dotted lines indicate 
upper and lower process limits. (SixSigma Institute, 2018) 

The amount of parts outside these upper and lower acceptable limits (defects) are measured 

in defects per million opportunities (DPMO). The various sigma levels represent a specific 

number of defects per million opportunities; these are shown in Figure 3. Here you can see 

that for obvious reasons working towards and obtaining Six Sigma within an organisation 

would be hugely advantageous. 
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Figure 3: Table showing DPMO per sigma level as well as simple examples to show real world 
implications (SixSigma Institute, 2018). 

In order to achieve this goal, Six Sigma provides a tool base to help deal with process 

improvements. These tools are to be used within the Define-Measure-Analyse-Improve-

Control (DMAIC) methodology. This method has the advantage of being flexible enough to 

apply to any business process within any organisation. This is an advancement upon 

previous methods that have traditionally focused only upon manufacturing processes 

(Pyzdek & Keller, 2015). 

Bennion, et al., (2016) and Vijay, (2014) used DMAIC to help enhance flow in healthcare 

applications to enable patients to be seen in better timeframes. This increasing of flow is 

similar to the aim of this project and it is of manufacturing origin, the area for with DMAIC 

was produced. Ng, et al., (2014), Tong, et al., (2014) and Sahay, et al., (2011) have, as well 

as many others, successfully used DMAIC to solve manufacturing problems. For this project 

Six Sigma offers an advantageous view and structure on problem solving. It embodies a 

number of useful traits from TQM but streamlines them and enables the user to follow the 

set steps of DMAIC. DMAIC has the advantage of keeping a user on track and focused on 

the problem at hand. There are a number of Lean tools that are commonly used within the 

DMAIC structure, sometimes referred to under the umbrella of Lean Six Sigma, such as 

Value Stream Mapping, 5 Whys, Poke-Yoke etc. This project will make use of Lean tools 

where applicable as they are readily compatible with the DMAIC structure. 
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3.4 DMAIC 

 

The DMAIC methodology is a Six Sigma tool that is used to problem solve and improve 

processes within a company. DMAIC is an acronym that stands for: 

 

Define: Define the project goals, customers, scope and variables. 

 

Measure: Measure the process to quantify the problem. Identify Inputs and Outputs. 

 

Analyse: Analyse the data, identify root causes.  

 

Improve: Develop and implement systems that eliminate the root causes. 

 

Control: Monitor the process to prevent reoccurrence of the problem. (Sivakumar, 2017) 

 

Each stage has a set structure and list of tools; this enables DMAIC to be a powerful 

instrument when dealing with process issues as it forces the team to base improvements on 

solid data. It is worth noting that not all elements of each stage must be used, it is up to the 

team to decide which ones would be most relevant to the problem that is being examined. 

(Jirasukprasert, et al., 2014) 
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3.4.1 Define 

 

The define phase focuses only on the problem. Causes and solutions can be dealt with later 

on. This phase is about understanding the problem and the scope of the project [Figure 4]. It 

is very important that the problem is fully defined as without a good definition a project will 

have issues later on. 

 

 

 

Figure 4: The Define phase (Espelosin, 2011) 
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3.4.2 Measure 

 

In the measure phase we look at the data. Data must be gathered on the process that is 

under scrutiny, this data can come from existing measurements or new ones can be 

developed in order to quantify the problem. Here an accurate picture must be created that 

shows the historical performance of the process.  

 

 

 

Figure 5: The Measure phase (Espelosin, 2011) 

 

The information gathered during the course of this report will be obtained from a Ford 

system known as POSMON. This system is implemented plant wide. All production 

machines have bits within the PLC programs dedicated to POSMON. The PLC relays 

information about its status to the Ford network. This information is collated and can be 

accessed from any computer in the factory connected to the network. There are hundreds of 

ways to present the data, anywhere from one machine on a specific day to the whole factory 

for a month. The system was designed by the in-plant IT team and has numerous built in 

equations to enable various common metrics to be taken from the data, for example 'first 

time though', 'mean time to repair', 'overall equipment effectiveness' etc. This gives Ford 

workers an amazing tool to enable them to gain historic and real time data on any machine 

without having to actually go onto the shop floor and devise a way of collecting the data.  



Maria Brooks P148303 
 
 

17 
 

 

The main problem with this is that so much data is available it is easy for workers to get 

bogged down with information. A study carried out on information overload found that 62% of 

managers feel that decisions are delayed or the ability to make decisions is adversely 

affected by to much information and that one third of managers suffer from ill health from 

stress associated with too much information (Waddington, 1996). Pyzdek & Keller, 

(2015)talk about how a large majoraty of companys collate so much information that the 

really useful metrics get lost in a sea of data. The key to a good Six Sigma project, they say, 

lies in extracting a small amount of more telling metrics. This makes it much easier for a 

team to focus and understand issues without getting lost or confused with excessive non-

vital information.  
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3.4.3 Analyse 

 

Here the data must be examined in order to fully understand how the process works. It is in 

this stage of DMAIC that root causes of the problem can be found and confirmed using 

suitable Six Sigma tools. 

 

 

 

Figure 6: The Analyse phase (Espelosin, 2011) 
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3.4.4 Improve 

 

With a good understanding of the process, problem and causes it is now time to look at 

solutions. Brainstorming can be used to come up with as many ideas as possible which can 

be narrowed down until the ideal solution presents itself. This should preferably be trialled 

before full implementation to confirm that it will fully deal with the problem. Any issues can 

then be changed prior to full implementation of the solution. 

 

 

 

Figure 7: The Improve phase (Espelosin, 2011) 
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3.4.5 Control 

 

The control phase is the last and arguably the most important. This phase focuses on 

ensuring that any improvements that have been obtained through the first four steps of 

DMAIC are sustained in the long term. There is little point in spending time and resources on 

process improvement if the new solution is not properly controlled and allowed to revert back 

to the old system.  Here it would be pertinent to look back at this project and see if any other 

areas within the organisation could benefit from the lessons learnt here. 

 

 

 

Figure 8: The Control phase (Espelosin, 2011) 
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4.0 Define Stage 

 

 

4.1 Problem Statement 

 

As a company, the production performance on the PAG block machining line is not meeting 

the targeted 24 JPH (jobs per hour). Over a twelve month period, beginning January of 2017 

to the end of December 2017, the average production was 19.5 JPH (Appendix 1). Each lost 

block either represents an engine not produced on the production line or machined blocks 

needing to be bought in at extra cost. Overall, this is causing assembly shortages and 

customer dissatisfaction problems that are costing nearly £11,000,000 in reduced 

throughput. (Appendix 2) 
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4.2 Scope 

 

Low JPH can only be resultant from the machines in the line, Figure 9 shows that the 

machines can most easily split into CNCs, Washes and Gantries. This shows the various 

factors that can contribute to poor production values. There are issues with scrap production 

at various points though the machining line. However there are currently engineering teams 

looking into this. The low production rates as a result of poor JPH is an issue that has not 

been fully addressed, therefore the 'Scrap' arm of the diagram will be excluded for the 

duration of this project.  

 

 

 

  

Figure 9: Breakdown Structure, basic reasons for low production rates. 
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4.3 Quality Characteristics 

 

It is important to establish what priorities are for our customers. We have two sets of 

customers to the PAG block machining line, internal and external: 

4.3.1 VOC - Internal  

 

When a gantry or wash is shutdown the line becomes quickly blocked this means that the 

machines behind the gantry or wash will be unable to process parts as the completed parts 

block up the conveyors. 

This stoppage will also create starvation of the machines ahead of the gantry or wash in 

question and will quickly lead to a reduced JPH within the line as a whole.  

The PAG block machining line feeds into AJ assembly where the machined blocks are built 

up into working V6 and V8 engines. If the output from PAG block machining is below target 

then the assembly line is starved. This causes unplanned downtime on the assembly line, an 

entire line of personnel will be superfluous until the machined parts become available. The 

machined blocks are the first part to be inserted onto the line, so assembly is unable to make 

up a stock of partially built up engines while it waits for blocks. Obviously this effects 

assembly of the final product and puts production behind. In order to help alleviate this 

problem machined blocks are currently bought in from Mahle Powertrain in Northampton 

(Mahle Powertrain, 2018). This has additional cost implications (Finance was unable to 

provide the values). 

4.3.2 VOC - External 

 

The finished engines are taken from Bridgend engine plant to Solihull vehicle assembly 

plant. Obviously if machining is behind and assembly is behind we will be behind in shipping 

orders to the vehicle plant. When we are behind target we can not supply the demand from 

our customer so we loose money in sales. When we are behind target (calculated per 

annum) we receive fines from the customer for not fulfilling the contracted order (Finance 

was unable to provide these values).  

As shown above and established in the problem statement, the PAG block machining line is 

not meeting production targets. In a more complex case, or perhaps after this problem has 

been suitably addressed, the wants and needs of the customer can be ascertained using a 

variety of methods. Interviews, surveys, focus groups and Kano analysis are commonly used 

to find out the voice of the customer. As it stands meeting target production is a basic 
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requirement of the customer. This is known as a dissatisfier when looking at Kano levels. 

This type of requirement is one that would rarely come out when a customer was asked what 

features and services they wanted in an engine. This is as it is so basic a requirement that it 

is considered a given when a customer purchases a product (Figure 10).  

Figure 10: Kano graph showing the three Kano levels. (Six Sigma Study Guide, 2014) 

 

It is a basic principle of customer satisfaction that dissatisfiers are dealt with first, then 

satisfiers and when these have both been fully recognized and implemented the company 

can look into providing delighters. This must be done in this order as a customer will not care 

about a delighter (for example; digital radio provided as standard in a new car) if the 

dissatisfier has not been fully eliminated (for example: the same car has no engine). It is 

worth noting that when designed it is likely that the product satisfied well and a number of 

delighters were incorporated into the package. We can be sure of this as we won the 

business initially. This problem meeting targets has come about slowly due to machine 

degradation among other factors. With this problem solved it is likely that the product will 

shoot up in Kano level, although further study will be needed to verify this. 
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4.3.3 Deliverables 

 

Six Sigma focuses on critical deliverables, namely cost, quality and schedule. 

 "Factors critical to cost (CTC) include parameters that impact work in progress, finished 

goods infantry, overhead, delivery, material and labour, even when the costs can be passed 

on to the customer. Critical to Quality (CTQ) factors are perhaps most familiar to operational 

personnel since they directly impact the functional requirements specified by the internal and 

external customers. Critical to Schedule (CTS) factors impact the delivery time of the product 

or service." (Pyzdek & Keller, 2015, p.250) 

The deliverable that will be used here will be a critical to schedule. The metric that is most 

commonly used within Ford Engine Plant is that of jobs per hour (JPH). This metric is related 

to the cycle time of the machines, 252 seconds, and efficiency of the line. When running at 

100% efficiency the line can produce 35 JPH. It is because of this easy visualisation that 

JPH is used. 

 

Area: PAG Block Machining. 

 

Customer Problem: ' Not enough blocks machined to supply demand' 

 

CTS name: Reduced production. 

 

CTS measure: Jobs per hour (JPH)  

 

CTS Specification: Target of 24 JPH 

 

Defect: Current production of 19.5 JPH average. 

 

Unit: One block = one job 

 

Opportunity: Machine availability. 
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4.4 SIPOC 

 

In order visualise the processes at work a SIPOC diagram was produced (see Figure 11). 

This diagram and the process map (Figure 12) enable better visualisation and understanding 

of the entire process and at what points issues can occur. 

 

 

 

Figure 11: SIPOC diagram for PAG Block Machining. 
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Figure 12: Process Map of PAG Block Machining 



Maria Brooks P148303 
 
 

28 
 

5.0 Project Charter 

 

Team: Three persons; Jonathan Richards (MOS Manager), Dan Clark (MMS) & Maria 

Brooks (ECS) 

 

Scope: Poor JPH, PAG Block Machining, Bridgend Engine Plant. 

 

Project Title: Improvement of poor production scores. 

 

Problem Statement:  
As a company, the production performance on the PAG block machining line is not meeting 

the targeted 24 JPH (jobs per hour). Over a twelve-month period, beginning of January to 

the end of December 2017, the average production was 19.5 JPH. Each lost block either 

represents an engine not produced on the production line or machined blocks needing to be 

bought in at extra cost. Overall, this is causing assembly shortages and customer 

dissatisfaction problems that are costing in excess of £11,000,000 in reduced throughput. 

(Appendices 1-3) 

 

Primary Metric:  Jobs per Hour 

 

Goal:  Increase average JPH from 19.5 JPH to the line target of 24 JPH. 

 

VOC: 

Internal; Within process, AJ assembly line, Bridgend Engine Plant.  

External; Jaguar Land Rover vehicle assembly plant Solihull  

 

Project Boundary: 

This project will focus on low JPH on PAG block machining. 

 

Project Timeline:  See Figure 13 overleaf. 
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Figure 13: Timing plan for project. 
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6.0 Measure Stage  

 

6.1 Measurement Limitations 

 

When gathering data it is easy to assume that our system records accurate, precise, 

repeatable and reproducible results. When using information to inform decisions however, it 

is crucial that the limitations of the measurement system are understood.  

6.1.1 Bias 

 

Bias is a term used to describe the difference between a reference value and an observed 

value. As well as during measurement taking, bias can affect the analysis of results; it can 

influence these results so that conclusions do not necessarily portray the data faithfully. 

There are a number of bias types that can be introduced when measuring or gathering data. 

It important for anyone dealing with data to understand this, reduce the impact of bias and 

where it cannot be eliminated understand the limitations of the conclusions that are drawn 

from this data. When undertaking research there are a number of biases that can affect data, 

such as Design bias, Selection bias, Procedural bias, Measurement bias, Interviewer bias, 

Response bias and Reporting bias (Shuttleworth, 2009). There are also a number of 

cognitive bias types that the researcher must endeavour to avoid; some of these are 

illustrated in Figure 14 (Lebowitz, 2015). 

During the course of this project the author has come across several types of bias. When 

gathering data from POSMON it became apparent that some of the data had been sent to 

the server incorrectly and in some cases the POSMON interface was down for specific 

machines over certain dates, this is a form of equipment bias. Anchoring bias was also 

prevalent when initially gathering data from POSMON, the author initially used the first set of 

relevant information to compile the data, even though it did not illustrate the trend effectively. 

It was only by trawling the data and trying several data types that the optimum information 

was found. 
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Figure 14: Cognitive bias types (Lebowitz, 2015) 
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6.1.2 Repeatability & Reproducibility 

 

Repeatability is the variation in measurements when one a person uses one measurement 

instrument to measure one feature. Reproducibility is the variation of the average 

measurements made by several different people using the same instrument to measure one 

feature.  

6.1.3 Stability 

 

This is the total disparity when taking measurements on one feature over time. If the 

measurements are different the system is said to be unstable, this may be due to factors 

such as temperature effecting parts. When these measurements are the same over different 

times the system is said to be stable. 

6.1.4 Linearity 

 

Linearity is the difference in the bias values throughout the operating range on one 

measurement instrument, such as a gauge. For example a torque wrench may be -1 Nm out 

when measuring at its low end but +3 Nm out when measuring at its highest range. Here its 

linearity bias would be 4 Nm. 
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6.2 Data Gathering 

 

As previously mentioned the main measurement system that will be used will be POSMON. 

Vast amounts of operational data are available here. There are some problems associated 

with this system, some of which have been touched upon here. One of the main challenges 

of POSMON is the sheer volume of data and the many different ways to access and present 

the information. This means that in order to navigate it and understand the various metrics, 

training needs to be completed. Using advice from frequent users enabled the author to find 

better ways of presenting the needed information and with more relevant metrics.  

As well as POSMON, information has been gleaned though interviewing members of PAG 

block maintenance team. Although useful it is important to remember that this information is 

often heavily biased, therefore these informal interviews are used as guidelines for further 

data gathering. 

POSMON is a powerful tool and although it lists the states the machines are in, no 

information is given to say what is being done to correct a problem. This is a problem as a 

machine maybe awaiting repair as maintenance are busy, no parts are available, the 

problem requires vendors or specialist personnel etc. In order to help understand the causes 

of a long period of downtime the PAG block handover book is used. This is very useful as a 

machine repair that is taking several shifts will almost always be written in but sometimes 

information written is very basic and it can be difficult to extrapolate the reasons it was taking 

so long.  

 

Good example of a write up in the handover book: 

"Op130.2: Spindle drive faults F229. Spindle unable to go over 7000rpm (needs to reach 

9000rpm). Changed drive and downloaded personality module but still the same. Found 

encoder plug in back was very loose but still the same after tightening. This spindle was 

changed last week for a different fault. Sorry still down. Suspect spindle." (Ford Maintenance 

Team, 2017) 

 

Poor example of a write up in the handover book: 

"Op100.2: Changed valve, still occasionally faulting out. Running?" (Ford Maintenance 

Team, 2017) 

 

Even though a poor write up offers little information, at least it was documented. A large 

majority of repairs are not written up because they were completed in one shift. This is all 
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well and good if it's a one off problem but it makes it very difficult to track issues that are long 

term or in the case of this project, specific repairs relating to specific instances of downtime. 
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7.0 Analyse Stage  

 

7.1 Scope 

 

Poor JPH can only be resultant from the machines in the line, Figure 9 shows that the 

machines can most easily split into CNCs, Washes and Gantries. Looking at the downtime 

for each type of machine JPH data from POSMON (Appendices 4-6) total downtime in JPH 

was collated into Table 1. A Pareto chart can be produced from Table 1 and used to help 

pick the first target for improvement. Figure 15 shows this data graphically. Here lost JPH is 

higher from gantry downtime than either CNCs or the washes. 

 

Table 4: Lost JPH per machine type over a three month period (August - November) 

  

 

Figure 15: JPH lost information from Table 1 presented as a Pareto chart. 

Downtime by Machine Downtime JPH Cumulative %
Gantry Downtime (JPH lost) 2.48 57.37
Wash Downtime (JPH lost) 1.32 87.91
CNC Downtime (JPH lost) 0.52 99.94
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Note: The value used for the CNC downtime JPH is the total from all CNCs (2.08 JPH) 

divided by four. This is as each cell has an average of four CNCs. To use the 2.08 JPH 

insinuates that if one CNC is down production is stopped in the area, this is not the case. In 

reality each cell is built with excess capacity, anywhere from 44 JPH to 80 JPH when the 

capacity of the entire line is 35 JPH. Although this dividing by four is simplistic, there is no 

need to calculate to a more accurate degree as the CNC downtime still would not be the 

main contributor. The value of 0.52 JPH will be used. 

POSMON favourably splits JPH into several categories useful for monitoring machines in 

cycle and stoppages. It is the five categories that cover stoppages that are relevant to the 

gantry downtime and will be looked into. The state of the machine during each category is 

not immediately obvious; data sheets were obtained from the IT department so that a better 

understanding of these metrics could be established (Appendices 7 & 8). 

 

7.1.1 Setup: The machine is in the setup mode as indicated by the setup switch or machine 

running though a setup procedure. I.e. the PLC tells POSMON: Control power present, 

machine not in auto, Changeover or Process Change is selected. 

 

7.1.2 Tool change: The machine has been requested to go to a tool change position either 

by push button request or automatically by means of an elapsed tool counter and tool 

change is in progress. I.e. the PLC tells POSMON: Control power present, machine is not in 

auto, tool change is selected. 

 

7.1.3 Waiting attention: The machine has detected a fault (could be monitoring fault, internal 

fault, interlock fault, time out etc.) and is awaiting manual intervention to clear the fault. I.e. 

the PLC tells POSMON: Control power present, machine is in fault mode. 

 

7.1.4 Repair: The machine was previously in 'waiting attention' and intervention has begun. It 

will remain in repair until it is put back into cycle. I.e. the PLC tells POSMON: Control power 

present, machine is not in auto, manual intervention bit is true and previous status was 

'waiting attention'. 

 

7.1.5 Shutdown: The machine has been either been turned off (power locked-off), the 

machine has been requested to stop at end of cycle or automatic mode is not selected. I.e. 

the PLC tells POSMON: Control power is off or machine in not in auto or manual intervention 

bit is true and the previous status was not 'waiting attention'. 
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Figure 16: Pareto Chart showing occurrences of various stoppages on the gantries over three months 

 

Information for Figure 16 was gathered from POSMON data, appendices 9 & 10. Figure 16 

shows the Pareto chart for the five types of stoppage as used in POSMON. The occurrences 

of waiting attention are defined on POSMON as a machine that is in a fault situation that has 

not yet had manual intervention. Ford working policy states that the machine operator should 

attend a machine in this state. The operator will on some occasions be able to get the 

machine back into cycle; basic faults such as tool changes, over-cycle, set-up etc. can be 

dealt with on the spot. If the fault is above their skill base they should immediately talk to a 

supervisor who will notify maintenance to attend the machine. Maintenance should attend 

the machine as soon as is viable between other jobs. In the authors experience machines 

awaiting attention will often go long periods before an operator will attend, this is due to 

manning issues and various political problems surrounding job descriptions. Similarly, 

maintenance will often take a while to get around to these as they are seen as low priority 

jobs or they may say “we can only do one job at a time” and prioritise a larger job that they 

may be on already. These factors heavily indicate to the author that these waiting attention 

occurrences are mainly due to management based problems. Six Sigma projects although 

versatile do not lend themselves to management based problems (Pyzdek & Keller, 2015). It 

is for this reason that this largest bar will be discounted in this project and the information 

gleaned here will be passed on so that it can be dealt with in a different way. When looking 

at Pareto charts normally we would see a few very tall bars, and it works out that around 
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20% of the issues account for 80% of the impact (Eckes, 2003). This is not the case for 

Figure 16. As previously discussed PAG Block Machining is notoriously bad at producing to 

target so it is expected that many problems are the cause, Figure 16 shows this. The 

implications of this are that more projects will have to be carried out in order to help overall 

production. Going forward the second bar of 'shutdown occurrences' will be investigated 

further, with recommendations to look into the other causes at a later date. 

Detailed information on gantry stoppages was gathered from POSMON. This was 

segregated into set-up, tool change, awaiting attention, repair and shutdown. All information 

of non-shutdown stoppages was removed, leaving just relevant data. This included the 

dates, times and durations of each shutdown event over a three-month period (Appendix 

11). This data was littered with vast numbers of very small shutdowns under twenty minutes 

that would often be attributed to problems such as air leaks, dirty / out of alignment sensors 

or replacements of locators. A simple Pareto chart was generated to show the split of time 

between these long and short shutdown instances. Figure 17 shows the split between total 

time of instances less than twenty minutes and total time of instances over twenty minutes 

for this three-month period. Time periods over twenty minutes are highlighted in Appendix 11 

in red. 

 

Figure 17: Pareto chart showing the total down time that long and short shutdowns contributed to. 

Figure 17 illustrates the classic Pareto principle 80:20 split (Eckes, 2003). Although the 

number of instances is low, the shutdowns of over twenty minutes’ accounts for nearly 80% 

of the downtime. It is these longer instances that are most impacting the JPH.  
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7.2 Cause and Effect Diagram 

 

A cause and effect diagram aka fishbone diagram will be used to analyse the possible root 

causes of shutdown time of the gantries (Figure 18). This method is not used primarily to find 

the most important issue but to remove some of the more trivial issues (Wedgwood, 2006).  

 

 

 

Figure 18: Cause and effect diagram of gantry shutdown time. 
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7.3 Root Cause Analysis 

 

Using the handover book along with the cause and effect matrix (Figure 18) the longer 

instances, of over twenty minutes, were coupled with available information on the problems 

causing downtime. This is shown fully in Appendix 12 with an excerpt in Table 2, for 

instances where no information was written in the book the reason was left blank. 

When compiling data from POSMON and the handover book, several gaps became 

apparent in the available information. Although some instances of scaffolding erection could 

be found, only a small number of instances of the removal of scaffolding were documented. 

As these removals must have taken place and therefore must be documented in POSMON, 

the author has taken an educated guess as to what remaining shutdown times are most 

probability attributed to the scaffolding removal. These presumptions have been highlighted 

in green.  

Several instances of downtime found in the book were not shown on POSMON. This was 

limited to the operation 80 and 320 gantries. There is no POSMON data on these gantries at 

all for the time period in question. During this time there must have been a communication 

issue between the gantries and the POSMON server. The 80 and 320 gantry problems have 

been added into Appendix 12 with estimated times listed. These have been highlighted in 

yellow.  

 

 

 

Table 5: Excerpt from Appendix 12, showing the collation between POSMON data and handover book information. 
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Table 6: Collated information from Appendix 12. 

 

The data shown in Appendix 12 was collated into Table 3 which allowed a further Pareto 

chart to be drawn. Figure 19 shows the weightings for various causes of shutdown time. 

Here it can be seen that the largest contributor to the longer shutdown times is scheduled 

maintenance. This is not strictly true as the scheduled maintenance shown was done over 

two days but is showing 3.57 days. This is as several of the gantries were shutdown over 

this period at the same time; because of this the peak is much higher than it should be. 

Scheduled maintenance is a good strategy for helping to reduce the costs associated with a 

line that primarily deals with reactive breakdown maintenance. The second peak is that of 

the unknown shutdowns. These unknown shutdown instances are because of poor 

bookkeeping on the part of the maintenance team. From experience the author can say that 

it is likely that some of these downtimes are due to slow reaction times on the part of 

operators, normal reactive maintenance and scaffold erection and removal. The first 

definitive peak is that of the erection and removal of scaffolding.  

 

 

 

Downtime type Collective time [H:M:S] Collective time [Days] Cumulative %

Scheduled Maintenance 85:40:42 3.57 32.46600691

Unknown 78:42:13 3.28 62.28908916

Scaffolding 31:50:30 1.33 74.35482071

Crash 26:58:44 1.12 84.57790465

Part Replaced 22:36:40 0.94 93.14591083

Reteach 5:05:47 0.21 95.07708048

Air Leak 4:16:08 0.18 96.69468636

Investigation 2:55:22 0.12 97.80221168

Cleaning 2:45:36 0.12 98.84805578

Reset 2:26:13 0.10 99.77148475
Awaiting Part 0:36:11 0.03 100
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Figure 19: Pareto chart showing total shutdown time by incident type. 
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7.4 5-Whys 

 

To further understand the reasons for the high loss associated with scaffolding the 5 whys 

will be used. Note: information will also be used from the cause and effect diagram in Figure 

16 to allow conclusions to be drawn. 

 Why is the gantry down for the erection/removal of scaffolding on CNCs? 

o Safety, in order for the contractors to safely work on the CNC machines within 

the cell the gantry must be shut off. 

 Why is scaffolding needed? 

o Because maintenance must gain access to the tops of CNC machines. 

 Why must they have access? 

o To repair the CNC machines, safety dictates there is guarding in place when 

working atop the CNCs. 

 Why must the CNCs be repaired? 

o Failure of components. 

 Why have the components failed? 

o Due to a lack of preventative maintenance. 

 Why is there a lack of preventative maintenance? 

o Maintenance personnel do not have the time to carry out any preventative 

maintenance tasks as breakdown maintenance takes up all of their time.  

Looking at the root cause of these five whys it can be seen that poor maintenance practices 

are a leading cause of repairs that need scaffolding. From interviews and experience the 

author can say that this problem of little to no preventative or scheduled maintenance is not 

isolated to just repairs that need extra access. There is a line wide problem with 

maintenance personnel not being given time to complete scheduled maintenance as well as 

operators not performing checks and cleaning of the machines. This issue has been 

highlighted before as PAG block has the highest costs of replacement parts in the factory. 

Due to this and problems with CNC downtime, management are currently in the process of 

setting up a dedicated preventative maintenance team. This new team will be tasked with: 

 Documenting the condition of the machines so that slow degradation can be spotted 

and rectified prior to breakdown.  

 Checking the condition of the machines and flagging up areas that need cleaning or 

extra attention.  

 Performing scheduled checks according to the manufactures documentation. 



Maria Brooks P148303 
 
 

44 
 

 Replacing parts that commonly fail to reduce unplanned downtime. i.e. batteries, 

filters, belts etc. 

 

The full implementation of this preventative maintenance team should help to deal with some 

of the problems that are causing the poor JPH. This is not however the complete solution to 

this problem. The advantages of reduced breakdowns will not be instant, it is not going to 

completely stop the need for access to replace/repair damaged parts and most importantly 

the preventative maintenance team will need access to the tops of the machines themselves 

in order to carry out some of their tasks.  

This cause and effect analysis has highlighted the current and continuing need for access to 

the tops of CNC machines that will reduce the shutdown time of the gantries. 
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7.5 Current Scaffolding Process 

 

 

Figure 20: Process map showing the current approach to scaffolding.  

When scaffolding is needed the procedure shown in Figure 20 is followed. This is disruptive 

to the line for several reasons. Initially when working on the CNC in question the 

maintenance personnel are unable to complete the work due to access issues so the job 

must be left and scheduled in for when the scaffolding is up. This obviously affects the mean 

time to repair of the machine. The Forman/Supervisor must schedule in the scaffolding; this 

is an issue as previously mentioned because the gantry must be shutdown so that the 

contractors can erect the scaffolding safely. This gantry downtime is also an issue for 

scaffolding removal. The contracted company "Direct Hire & Scaffolding Company" charges 

£740 per scaffold used so long as it is erected during normal working hours (Appendix 3). 

From interviews and experience the vast majority of scaffolds that would affect a gantry are 

erected during the normal working hours. This is as engineering staff give the go ahead for 

the erection and would only be called outside of 7.30am-4pm working hours if the problem 

was a line stopper i.e. a problem with a gantry itself or a wash. Note that Appendix 3 is a 

single month quote for the whole plant.  

From Appendix 12, over a three-month period, a total of 13 instances of scaffolding usage 

were recorded. This gives a total of £9620 (13 x 740 excluding VAT) in just scaffolding costs. 
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As previously stated there is no assurance that these thirteen instances were the only 

scaffolds erected during this timeframe so this figure can be seen as minimum cost for the 

three-month period.  

Clearly it can be seen that better access would not only enable the preventative 

maintenance team be able to fully accomplish their jobs but JPH should improve and 

scaffolding costs will be reduced.  
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8.0 Improve 

 

8.1 Selection 

In order to improve upon the baseline of scaffolding erection, a system needs to be 

developed that either removes the need to put the gantry into a shutdown state or reduces 

the downtime. Initially a brainstorming session was carried out to get a good range of 

possible ideas. These ideas were arranged in a concept selection matrix (Table 4). 

 

 

 

 

 

Initial Ideas 

Cost per 

machine 

to 

implement 

 

 

(0=free to 

10=expen

sive) 

Safety 

0=compliant 

to HASWA 

1974 to 

10=not 

compliant to 

HASWA 

1974. Values 

between 

indicate 

research 

needed) 

Simplicity  

 

(0=Within 

available 

skill set to 

10=too 

complex or 

requires 

outsourcing) 

Ease of 

use 

 

(0=Minimal 

hassle to 

access to 

10=very 

difficult to 

use) 

Machine 

Downtime 

(0=Short 

one off 

machine 

shutdown 

to 

10=extra 

machines 

shutdown 

with every 

use) 

Total 

 

 

 

Lower 

values 

are 

better 

Current 

scaffolding 

5 0 10 0 10 25 

Minitec Guarding  6 3 4 2 2 17 

Sliding gantry 

curtain 

8 2 4 5 3 22 

Access from one 

CNC in cell, 

board walk. 

3 5 6 6 10 30 

Key-Clamp 

Guarding 

4 2 2 2 1 11 

Permanent 

Scaffolding 

6 0 10 0 10 26 

Table 4: Selection matrix from brainstormed ideas. 

Total scores: 0-24=Most feasible     25 = as good as the current solution    26+= impractical 
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The ideas in the table that are the most practical are the ones with the lowest scores. These 

are the Minitec Guarding, Sliding Gantry Curtain and Key-Clamp Guarding. Further critical 

analysis of these methods is needed to pick the final idea. 

 

 

8.1.1 Minitec Guarding 

 

This idea consists of constructing individual enclosures around the tops of the machines 

using Minitec extruded aluminium bars. This ideally would be constructed on the floor and 

crane lifted into situ.  

 

Pros: 

1) Materials are readily available for a prototype, at no extra cost to the company.  

2) Simple construction; lengths only need to be cut to required size, ends threaded and 

all fixings can be installed with just an allan key. 

3) Relatively cheap; one machines worth of guard is estimated to cost around £680, 

less than the cost of one scaffold installation. (Minitec, 2017) 

Cons: 

1) Fine tolerances, everything must be cut and constructed to the exact specifications, 

this is fine for most machines but there are several minor differences between 

machines of the same type. These differences include, extraction pipes in slightly 

different locations, gantry trays encroaching on the tops of machines more in some 

cells, electrical cables routed in different directions on some machines etc. This 

would mean that each machine would need to have a separate drawing made up for 

it and guarding customised to each. 

2) While this system is used on floor level guarding, there is no mention of it used in this 

way in the manufactures documents. This means that there is a likelihood that each 

guard would need to be load tested at extra cost in order for it to comply with Health 

and Safety at Work etc. Act, (1974). 
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8.1.2 Sliding Gantry Curtain 

 

This idea is to construct one sliding curtain per cell; this curtain can be moved over to the 

machine that access is required on. The scaffolding can then be constructed atop the 

machine without the need to place the gantry in shutdown.  

 

Pros: 

1) Relatively quick to put into use. 

2) Could be suspended from the stanchions and steel cross members of the building 

itself. 

3) When needed it can simply be slid over to the machine that needs it. 

Cons: 

1) Each cell would need individual planning to enable the curtain to fit and function as 

desired. 

2) Still means that scaffolding need to be scheduled in. This would be ok for the rarer 

breakdowns but is going to end up costing extra as the preventative maintenance 

team starts to use it. 
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8.1.3 Key-Clamp Guarding 

 

This is similar to the Minitec guarding idea but using a different construction system. Again 

the guard is built atop the machine, preferably in sections, and lifted using a crane into situ. 

 

Pros: 

1) Cheaper than Minitec, cost of one guard would be £550. (Key-Clamp Store, 2017) 

2) Very Simple construction; lengths only need to be cut to required size. Fixings are 

placed over the pipe and tightened using an Allan key. 

3) Tolerances are quite loose which means that a single design can be used. Small 

adjustments can then be done in situ for each machine. 

4) Website (Key-Clamp Store, 2017) lists key-clamp as a suitable guard for this 

application providing the tube of diameter 42mm or higher is used. 

Cons: 

1) As the poles are clamped in place there will need to be regular maintenance to 

ensure the guarding is still sound and that the bolts are still tightened to a torque of 

40Nm (Key-Clamp Store, 2017) 

Idea Pros Cons 

Minitec Guarding 3 2 

Sliding Gantry Curtain 3 2 

Key-Clamp Guarding 4 1 

Table 5: Pros and Cons of the lowest scoring ideas in Table 4. 

 

This method shown in Table 5 shows that the Key-Clamp Guarding has the most pros and 

least cons. This method agrees with the weighting method performed earlier which gave this 

idea the lowest score and therefore indicating that it is the most practicable. It is worth noting 

that looking at just cost and safety it scores best. From these critical analyses it is seen that 

the Key-Clamp Guarding would be the preferable idea to implement.  
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8.2 Safety Considerations 

 

This guarding must be safe in order to be able to pass initial inspections by Ford implant 

safety department. Much information was available in the manufactures documentation 

(Key-Clamp Store, 2017) 

 All vertical supports must be one unbroken piece 

 No joints should be welded 

 Hex bolts maximum torque of 15Nm  

 Setscrews (Allan heads) must be tightened to 40Nm, Sharp end of the screw must 

face inwards to connect with the pole. If constructed to this specification 900Kg. 

 Key-Clamp guarding is rated fit for purpose for everything except crowd loading 

situations (football stadiums, auditoriums, theatres, etc.) 

 Post separation of over 2500mm not recommended. 

In-plant safety was questioned over legislation giving the following considerations. 

 When installed at a height guarding must be as secure as reasonably practicable. 

Attachments to the machines must be done to the main body of the machine i.e. 

parts that cannot be removed by hand and are secure. 

 Clip rails for harnesses would not be needed as they currently are not used for 

scaffolding so no extra consideration needs to be made. 

 Load testing is not needed as it will not be used for hoisting, only to prevent people 

from toppling off the machine 

 Some variety of screen must be installed to prevent users from gaining access to the 

moving gantry. 

 Guarding must not be able to be interfered with without the use of specialised 

equipment i.e. you should not be able to dismantle it by hand. 

 The rail bars must be at a height of 475mm and 950mm from the platform floor. This 

is to prevent people toppling over the edges. 
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8.3 Design 

 

8.3.1 Specht 500D CNC 

 

The first major issue was how to attach the guarding to the machine in a suitably strong 

location. This required some prototype parts but the idea was to try and find a way to attach 

the uprights quickly in order to avoid more gantry downtime. It was decided that the best, 

most secure points of attachment would be to utilise the lifting points on the machines. This 

meant that so long as suitable fixings were available the guard could be made up and bolted 

into these points with minimal gantry downtime while construction took place.  

For the Specht 500D CNC machines, four suitable lifting points were identified that could be 

used, two on the gantry side of the machine and two at the back end of the machine. In 

order to fix the Key-Clamp system to these points an adapter needed to be made. For the 

two M30 lifting points one the back end of the machine there were many preliminary designs, 

eventually settling on the parts shown in Figure 21. This was made up in the in-plant tool 

room. This is attached to the machine via M30 stud bar and the Key-Clamp base is then 

threaded into the bottom plate. For the two M16 lifting points in the gantry side of the 

machine it was decided that the Key-Clamp base could be directly bolted into them. From 

these points the design specification was to enclose the top of the machine so there was no 

way for someone to fall out. Entry was to be gained from the magazine side of the machine. 

The whole of this side can be left open as no one should be working on the machine without 

a suitable work access platform in place. The final design for the 500D can be seen in 

Figures 22-25. 
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Figure 21: Attachment plates for M30 lifting points 

Figure 22: Gantry side of Specht 500D guarding 
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Figure 23: Machine side of Specht 500D guarding 

Figure 24: Sides of Specht 500D guarding 
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Figure 25: Plan view of Specht 500D gantry guarding. 

Figure 26: Attachment Clamp for the sides of the 500W 
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8.3.2 Specht 500W CNC 

 

These machines are in design very similar to the 500Ds the major difference is the tool 

magazine. The 500Ds have a chain magazine that can be removed and maintained from the 

floor. In order for a tool change to take place there is a tool changer that can grab a tool from 

the magazine and swap it with the one that is in the spindle. The 500W machines have tools 

stored in a large magazine wheel. In order to change tools, the spindle must align with the 

magazine, which rotates so that the correct tool is accessible and the spindle picks it up from 

the magazine itself. This difference in tool changing means that the maintenance must be 

performed in a different way. In order to remove the magazine wheel a crane must be used 

to take the weight of it while it is detached and it is then removed and replaced through the 

top of the machine. It is for this reason that the guarding construction must have lower sides 

to enable a crane and the magazine to get in and out. Due to safety considerations the 

topple heights of the rails will be adhered to but the high sides like those of the 500D will be 

removed. 

The 500W has M30 lifting points in the same locations as the 500D but there are no lifting 

points on the gantry side and no obvious points of connection. In order to overcome this 

issue several ideas were drawn up but the idea to clamp onto the sides of the machine was 

settled on. This clamping mechanism was made up by the in-plant tin smiths to the diagram 

shown in Figure 26. This clamping mechanism has the added advantage of being able to be 

placed in slightly different locations depending on small differences in the setup of the 

various 500W machines.  

Designs were made up with the above considerations and can be seen in Figures 27-30. 
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Figure 27: Gantry side of Specht 500W guarding. 

Figure 28: Back side of Specht 500W guarding. 
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Figure 29: Specht 500W guard sides. 

Figure 30: Specht 500W guarding plan view in situ. 
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8.3.3 Access 

 

While the designs for the Specht guarding were being drawn up, a local access platform 

making company was tasked with designing a platform that could be used to gain access to 

the tops of the machines. Specifications included: 

 Maximum width of 850mm (in order to fit between all machines) 

 Must be able to fold/reduce to 2700mm in overall height in order to be able to move 

under gantries and overhead pipes. 

 Platform should be able to reach a height of 2700 in order to gain access to all 

machines. 

 Stabilising feet should be included so that the platform is stable when fully extended. 

 Some variety of 'wedging' should be included so that in narrow spaces the platform 

can be stabilised without the use of the feet. 

 Platform should be accessed from both ends so that it can be compatible with any 

machine. 

 

The platform has been delayed in design and several revisions have been made. Figure 31 

shows the final design. As of 13/04/18 this platform had just been approved by Fords buyer 

in Romania. This platform has a lead-time of 8 weeks and is due for completion around 

14/06/18. 
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Figure 31: Access platform, further drawings in Appendix 13 
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8.4 FMEA 

 

With the guarding and platform designed but not yet constructed a failure mode and effects 

analysis (FMEA) was carried out. This document is designed to help identify all possible 

failures that could occur to the guarding and access platform during use. The various causes 

of these failures were identified along with current controls to prevent the failure or minimise 

the risks associated with them. Each failure mode is rated from one to ten by the severity 

(SEV) likelihood of occurrence (OCC) and detection (DET). A rating of one being the best 

outcome, low severity, unlikely to occur and easily detected, a rating of ten would be the 

worst outcome with a failure being severe, very likely to occur and very unlikely to be 

detected. These SEV, OCC and DET values are multiplied together to give an overall risk 

priority number (RPN). Using the RPN number failure modes and preventing them can be 

prioritised. It is worth noting that a severity rating of ten should be dealt with first because of 

the huge negative impact on customers if it was to occur, this is even if the overall RPN of 

the failure mode is low (George, 2005). Copies of the initial FMEA charts for the guarding 

and the access platform can be seen in Figures 32 and 33. 

 

 

 

Figure 32: Initial FMEA of Specht CNC guarding. 
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In order to address the various failure modes of both the machine guarding and the access 

platform, it was decided that SMS would be the best and most reliable way of checking and 

fixing any issues that arose with this new equipment. An SMS every three months was 

decided upon for the guarding as the RPN were of a higher average than the access 

platform. Six months was decided upon for the access platform. The SMS is currently 

scheduled to start mid-June when more guards will be erected and the access platform is 

delivered. The SMS is written to include maintenance activities that address each of the 

failure modes as highlighted by the FMEA (draft copies are shown in Figures 34 and 35). It is 

worth noting that although three and six months is the initial scheduling of the SMS this can 

be lengthened and shortened depending on the amount of preventative maintenance that is 

carried out during these checks. With the implementation of the SMS the RPN scores were 

re-evaluated on the FMEA charts. The improvement in the risks associated with the 

equipment can clearly be seen in Figures 36 and 37. 

 

   

Figure 33: Initial FMEA of access platform 
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Figure 34: Draft SMS for the CNC guarding. 
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Figure 35: Draft SMS for the new access platform. 
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Figure 36: FMEA of the Specht guarding showing the action results with implementation of the SMS. 

Figure 37: FMEA of the access platform showing the action results with implementation of SMS. 
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8.5 Implementation 

 

In order to roll out the construction guarding prototypes were built first. With the 

considerations that were taken into account during the design phase it is unlikely that any 

major adjustments would be needed, only minor. In order to get each machine fitted with a 

guard rail the team decided that it was best to go with an organic approach, fitting guards to 

suit the changing conditions of the line. First and foremost, guards would be fitted so that the 

PM team could carry out their work. If a gantry was down for another reason guards would 

be fitted to as many machines in that cell as possible during the downtime. And lastly priority 

would be given to any machines that would imminently need scaffolding erected. 

The full roll out of this project is on hold until the access platform is delivered. Until then 

guarding parts are on order and are being cut and partially assembled at floor level. 

 

 

8.6 Break Even Analysis 

 

As mentioned in appendix 2 there are some key values that finance was unable to obtain for 

the behalf of costing within this project. It is for this reason that some calculations will be left 

simplistic.  

Within the problem statement the value shown of £11,000,000 relates to lost throughput, 

because of the preventative maintenance that is being implemented alongside this project 

and the cause and effect analysis showing that poor maintenance is the cause of the 

currently needed scaffolding, it is the feeling of this author that relating any increased 

throughput solely to the implementation of the scaffolding is redundant. For a more 

meaningful break even analysis the costs of current scaffolding will be compared to the new 

permanent guarding.  
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8.6.1 Project Cost 

 

Total cost of the new guarding is equating to £500 per machine. There are 32 Specht CNC 

machines that would need this guarding installed.  

 

550 X 32 = £17,600 

 

Platform cost has been quoted at £22,000 (Finance Dept, 2018). 

It is estimated that each machine will take an average of 30 minutes of gantry shutdown time 

to erect. 

 

ሾ32 ܺ 1800ሿ(ݏℎݏ/݁݉݅ݐ ݊ݓ݋݀ݐݑ) ÷ (ݏ/݁݉݅ݐ ݈݁ܿݕܿ)252 =  (ݐݏ݋݈ ݏݐݎܽ݌) 229

 

As the erection of these new guards will be done over a period of two months, it can be said 

that an estimated 29 parts per week will be lost as a direct result of shutdown time due to the 

new guarding. This equates to a lost throughput cost of £8113.33 per week. 

 

29 × (2 ݔ݅݀݊݁݌݌ܣ ݐݎܽ݌ ݎ݁݌ ݐݏ݋ܿ) 279.77 = £8113.33 

 

8.6.2 Current Cost of Scaffolding 

 

As shown in Table 3, the shutdown time due to scaffolding erection and removal totalled a 

minimum of 31 hours, 50 minutes and 30 seconds aka 114,630 seconds of shutdown time. 

 

(ݏ/݁݉݅ݐ ݊ݓ݋݀ݐݑℎݏ)114630  ÷ (ݏ/݁݉݅ݐ ݈݁ܿݕܿ)252 =  (ݐݏ݋݈ ݏݐݎܽ݌) 455

 

As the shutdown time monitored was over a period of 13 weeks, it can be said that 35 parts 

per week were lost as a direct result of scaffolding shutdown time. This equates to a lost 

throughput cost of £9791.95 per week. 

 

35 × (2 ݔ݅݀݊݁݌݌ܣ ݐݎܽ݌ ݎ݁݌ ݐݏ݋ܿ) 279.77 = £9791.95 

 

It was shown that a minimum of 13 instances of scaffolding erection were documented over 

that same period, an average of one erection at a cost of £740 per week.  
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8.6.3 Break Even Time 

 

Using the values from the previous two sections a break even time for this project can be 

calculated as shown below: 

 

(ݏ݇݁݁ݓ) ݁݉݅ܶ ݊݁ݒܧ ݇ܽ݁ݎܤ  =
(£) ݐݏ݋ܿ ݐ݆ܿ݁݋ݎ݌ ݈ܽݐ݋ܶ

) ݈݃݊݅݀݋݂݂ܽܿݏ ݂݋ ݐݏ݋ܥ
£

  (݇݁݁ݓ
 

 

(ݏ݇݁݁ݓ) ݁݉݅ܶ ݊݁ݒܧ ݇ܽ݁ݎܤ =  
17,600 + 22,000 +  8113.33 (£) 

9791.95 + 740 (£)
 

 

(ݏ݇݁݁ݓ) ݁݉݅ܶ ݊݁ݒܧ ݇ܽ݁ݎܤ =  
47,713.33 (£)
10,531.95 (£)

 

 

݁݉݅ܶ ݊݁ݒܧ ݇ܽ݁ݎܤ =  ݏܹ݇݁݁ 4.53 

 

Even with the apparently large cost of this project of nearly £50,000 it is clear that this 

project is worth the effort as it will pay for itself in just over a month.  
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9.0 Control 

9.1 Timing Plan 

 

Due to the large number of constraints on the line the author was transferred to another 

department, the resource team. This team's purpose is to help address labour shortages and 

assist in breakdown maintenance. As the main driver of this project the author is unable to 

continue working on the guarding when she is used as resource. Supervisors have given the 

odd half shift to continue on with the project implementation but unfortunately this has not 

been enough time to stay on track with the initial timing. It is for this reason in main, along 

with some issues with the shipping of parts for the trial guards, that the project is behind 

schedule. The current progress is shown in figure 38 below. 

Figure 38: Timing plan - current 
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9.2 Management of change 

 

Within Bridgend Ford Engine Plant there is an endemic problem with resistance to change. 

The new guarding falls into this category, previously we used scaffolding that was regularly 

inspected and all users knew it to be a safe method of gaining access to the top of a 

machine. With the new guarding it can be predicted that there will be at least some 

resistance to its use as someone will see it as 'unsafe' in comparison to the scaffolding. It is 

common for this problem to occur especially in new systems that rely heavily on safety, there 

have been times where employees have refused to use a new system because of a 

perceived safety hazard that was in reality risk assessed and dealt with in a sensible safe 

manner.  

One of the problems that has led to this resistance to new ideas is that employees are rarely 

informed of any new systems in their area, until the last minute, and there is often a feeling 

of distrust and resentment when they are introduced. This can be attributed to poor 

management of change. The proven method of Unfreeze, Change, Freeze (Lewin, 1947) is 

not always followed, the unfreeze section can often be completely missed. This makes any 

change more daunting and sudden to employees and many forces still exist that oppose 

change.  The most common tactic to help deal with this is coercion within the factory. 

Coercion is a valid method of overcoming resistance but should be used as a last resort and 

not as the standard go to tactic (Daft, 2010).  

It is also advantageous to involve employees in decisions that will ultimately affect them. Not 

only will there be a more diverse skill-base on side which could lead to faster/better problem 

solving but it also helps the unfreeze section of Lewin's model to take effect. Daft et al [2010] 

states: 

 

 “Research studies have shown that proactively engaging front-line employees in upfront 

planning and decision making about changes that affect their work results in much smoother 

implementation. Participation also helps managers determine potential problems and 

understand the differences in perceptions of change among employees.” [Daft et al, 2010, 

P295] 

 

Knowing the problems that face this project when if it fully implemented it would be pertinent 

to begin the unfreeze phase now. Throughout this project the author has discussed various 

ideas and problems with members of the block maintenance team. This should help to 

unfreeze as discussions about safety as well as other issues have already been brought up. 
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In order to help avoid any persistent resistance to the new guarding it is important that 

maintenance is involved in discussions about SMS prior to finalisation, and the outcomes of 

risk assessments. Although there is unlikely to be much changed, the morale of 

maintenance personnel is less likely to drop as a result of this change if they feel that they 

were directly asked for input on the safety side of things. 

 

9.3 SMS 

With all systems in place the largest area for monitoring will be that of the SMS. There 

already exist systems that control the issuing of SMS to the required areas and a control 

system to mark off when SMS is completed. SMS is escalated in priority the longer it is 

ignored; this means that if one is not completed it will be questioned in the managerial 

morning meetings; this is a good method to ensure that they are not overlooked. 

 

9.4 Metrics 

With the guarding fully implemented, POSMON should definitely show improvement in the 

shutdown time of gantries. It is predicted that shutdown due to scaffolding will drop to next to 

nothing. There will of course be the occasional anomaly such as scaffolding put up around 

the gantry or building structure but this is a very rare occurrence.  
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10.0 Conclusion and Recommendations  

 

In conclusion low production scores are attributed in main to gantry downtime and within this 

the "waiting attention" downtime. Although this project did not focus on this problem, clearly 

a great deal could be done from a management perspective to help reduce this issue. We 

could extrapolate that the main causes of all downtime, including on the washes and CNCs, 

on PAG block machining could be down to this "waiting attention" problem. It would be 

pertinent to look to solve this problem in a timely manner as it is clear that production scores 

would greatly improve if addressed. 

This project looks at the next biggest problem; that of shutdown time of the gantries. In order 

to fully understand and deal with this problem the DMAIC methodology was used. This 

approach is one that has been adapted and improved from older methodologies into the 

framework that is used within Six Sigma today.  

The define stage, arguably the most important helps to work out the main details of the 

problem, where it is, what the processes are, the deliverables and the voice of the customer. 

Here it was discovered that the main issue was a basic requirement, the line was unable to 

meet production targets and therefore had to buy in pre-machined parts to satisfy its 

customers. 

The measure phase looked at the methods of data gathering. The main source of 

information here was POSMON, although flawed; a vast deal of useful information was 

gained this way. This data was augmented with information from interviews with people who 

work on the line, personal experience and the maintenance handover book. This enabled 

the author to gather enough information to be able to draw valid conclusions. 

Analysing the data in the analyse phase of DMAIC took some time as POSMON provides so 

much it was complex to find the best way of presenting data to enable ease of visualisation. 

In the main Pareto charts were used as they best helped to focus in on the base problems.  

Within the improve phase the majority of the groundwork has been completed. Although 

behind schedule it is the hope of the author that the full realisation of the project will come 

naturally once the access platform has been delivered. 

Looking at the environment within PAG Block machining line it is clear that the management 

of this new system is paramount. Going forward meetings will be scheduled with 

maintenance to ensure a smooth working transition and to enable any worries or issues to 

be fully dealt with prior to full implementation.  

When verified it is worth looking at other areas within Bridgend Engine Plant to see if this 

initiative could be of benefit elsewhere. The nearby PAG headline has many of the same 
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CNC machines as the Block line and although production issues are not as bad, they still 

have a fair amount of scaffolding. They are also getting a preventative maintenance team so 

this would obviously benefit the team as better access means better surveys and inspection.  

If funds are not readily released, then this could be done one machine at a time and the 

access platform could be shared amongst the two lines due to their proximity.  

DMAIC has been used extensively within Ford but here an extra stage is added after control, 

this is replicate. Within replicate the question is asked, could other plants within Ford Motor 

Company benefit from the actions that have been taken in this project? This helps to 

improve the company as a whole and helps to keep costs down, instead of a DMAIC being 

carried out in each factory; theoretically it should only be examined once and made available 

to all Ford plants and processes worldwide. 
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12.1 Appendix 1 
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12.2 Appendix 2 

 

 

19.5 JPH, target 24 capable of 35. 

24 − 19.5 = 4.5  

4.5 JPH down per 24 hours of production. 

4.5 × 24 = 108 

This equates to 108 parts down per day. 

108 × 365 = 39,420 

This equates to 39,420 parts down per year (365 days). 

The raw costing associated with a singular machined block was obtained through the finance 

department: 

 Cast block = £172.18 

 Added parts (blots, cam caps, valve seats etc) = £26.72 

 Labour and overheads (services, building costs etc) = £80.87     (Finance Dept, 2018) 

This gives a total cost of £279.77 per block to the company. This means that the lost throughput over 

the course of a year is as follows. 

39,420 × 279.77 = 11,028,533.40 

 This equals a loss of production of over £11,000,000 per year with no fines. 

Unfortunately finance was unable to give the author access to the "sale price" of a machined block. 

This means that lost profit cannot be calculated only lost throughput. 
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12.3 Appendix 3 
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12.4 Appendix 4 
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12.5 Appendix 5 

 

 

 



Maria Brooks P148303 
 
 

84 
 

12.6 Appendix 6 
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