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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

Figure 1: Picture of a V6 block between machining cells

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.
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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.

10
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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.

11
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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)

Centered 20 Centered 60

Shifted
3o

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.

12
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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.

13
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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)

14
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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.

FPROBLEM
SELECTION

PROBLEM
DESCRIFTION

CUSTOMER MEEDS
ASSESMENT

FROBLEM
ASSESMENT

PROJECT
SPECIFICATION

Whatis the Problem?
VWhoare the team?

Whois the Customer?
Whatare their needs?
Whatare their expectations?

Whatare the causes?
Are they eqgually important?

Which are our targets?
Whatare the resources
assigned?

- P. Selection Guidelines

- Project Statement
- Project Objectives
-Project Team

-VOC (Voice of the Customer)

- Affinity Diagrams

- CTQ Analysis (Critical to Quality)

- Kano

- Brainstorming

-Causeand Effect Diagram

- 8IPOC
- Process Mapping
-Process FMEA

- Roadmaps & Action Plans

- Project Charter

Figure 4: The Define phase (Espelosin, 2011)

15
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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.

PROBLEM
DEFINED

- Data
DEVELOF PROCESS " P
MEASLRES i+ asure the problem? = Lean measures

- G5igma measures

- Distributions

= Time Series Plots

- Data Collection Plan
- Sampling

COLLECTPROCESS '
DATA

- Measurement System Analysis

CHECK THE DATA Do vou getthe comact data? e
QUALITY Are your systams adequate? - Gauge R&R
LI LR LT  VWhal are the Customer specs? - Control Chans
AND FOTENTIAL How does our performance compara? - Capabllity Analysis

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.

16
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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.

17
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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.

FPROBLEM
MEASURED

- Graphical Techniques
- = Confidence Intervals

- Normality Testing

= Hypothesis Testing

VWhat doesthe data say

ffact - Hypothesis Testing
- Comelation
- Regression

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.

PROBLEM

ANALYSED

What are the possible
solutions?

Satz=gi=- =24l Which solutions are most likely
to work?

When, where & how will the
solution be implemented?

-DCE
- SCAMP

m
A

= Prioritisation Matrix
- Pugh Matrix
- Paired Comparisons

- Pilot Studies
- Managing change
- Savings Analysis

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.

FROBLEM
IMPROWVED

SUSTAIN THE How will we control the procass LA
BENEFITS sustain improvements? :

P

- Control Charts

Are there opportunities to apply what - Best Praclices
A

COMMUMNICATION

wa've leamed o other projects? - Project Documentation

< U
w L

C —~- 12
[
— (P
]

=1

]
1w

i

=

1

T

=

=

Figure 8: The Control phase (Espelosin, 2011)

20




Maria Brooks P148303

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)

21
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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.

LOW PRODUCTION RATES

Setup

Damage

SCRAP

Broken Tools

WASH DOWNTIME

POOR JPH

CNC DOWNTIME

GANTRY DOWNTIME

Toolchange
Setup

Shutdown

Emergency Stop

Waiting Attention

Repair

Toolchange
Setup

Shutdown

Emergency Stop

Toolchange
Setup

Shutdown
Emergency Stop
Waiting Attention

Repair

Waiting Attention

Repair
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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 assembily 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).

Delighters,
Exciters,
"Wows"

Did not achieve

Total Satisfaction

Excitifig

3l quality i w.ams
"satisfier

> P

Ahsolutely
achieved well

Expec:ted
Quallly

/'/ ﬁ

Musts
"dissatisfiers”

Total Dissatidaction

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.

25




Maria Brooks P148303

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.

S X P O C

SUPPLIEF> INPUTS> PROCESS> OUPUTS D{CUSTOMER

» Rough stock from » Rough Stock See process map *Machined Blocks ¢ Internal:
Honsel—Germary ;
¥ o Rework Blocks VE & VE 4] Assembly Line,
v Bolts Bridgend Engine
»Cam Caps Flant, Wales
» External:

Jaguar Land Rover
Sulihull Vehide Plant
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Figure 12: Process Map of PAG Block Machining
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5.0 Project Charter

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

Scoge: 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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Duration|Percentage Compleate

Task Start Date

Identify Project 18.09.17

Team formation 25.09.17

Project meetings 25.09.17

litriture review 25.09.17 14
Scope of the project 25.08.17 7
Cverall problem statement 02.10.17 7
Identify quality characteristics 09.10.17 7
Identify VOC 09.10.17 7
Aims and objectives 16.10.17 7
Write up project charter 23.10.17 7
Data collection plan 30.10.17 7
Collect baseline data 06.11.17 7|
Perato diagram of stoppage modes 13.11.27 7
Cause and effect, main stoppage mode |20.11.17 7
Posmon data of shutdown modes 27.11.17 7|
Determine main causes 04.12.17 7
Prioritise root causes 11.12.17 7
Identify main root cause 18.12.17 7
Review current process 01.01.18 7
Brainstorm potential solutions 08.01.18 3
Select and prioritise solutions 11.01.18 4
Design solution 15.01.18 28
Cost analysis & order trail parts 22.01.18 7
Trial solution 05.02.18 14
Adjust solution if needed 15.02.18 7
Trial solution again 26.02.18 14
FMEA 12.03.18 7
Consider any maintenance on new syste|15.03.18 7
Risk assessment 26.03.18 7
Brainstorm line roll out plans 26.03.18 1
Select and prioritise plan 26.03.18 E
Cost and impact - break even analysis  |02.04.18 &
Order parts 09.04.18 21
Roll out solution to whaole line 16.04.18 56
Control charts 16.04.18 7
Implement process controls 16.04.18 7
Ensure all personnel have training 16.04.18 14
Monitor usage and address any issues th{16.04.18 365

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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20 COGNITIVE BIASES THAT SCREW UP YOUR DECISIONS

1. Anchoring bias.

People are over-reliant on the
first piece of information they
hear. In a salary negotiation,
whoever makes the first offer
establishes a range of
reasonable possibilities in
each person's mind.

5. Choice-supportive bias.

‘When you choose something,
you tend to feel positive about
it, even if that choice has flaws
Like how you think your dog is
awesome — even if it bites
people every once in a while.

9. Information bias.

The tendency to seek
information when it does not
affect action. More information
is not always better. With less
information, people can often
'make more acourate predictions.

13. Placebo effect.

‘When simply believing that
something will have a certain
effect on you causes it 1o have
that effect. In medicine, people
given fake pills often experience
the same physiclogical effects
as people given the real thing.

®
§.

2. Availability heuristic.

People overestimate the

e of information that
ia available to them. A person
might argue that smoking is not
unhealthy because they know
someane who lived 1o 100 and
smoked thiee packs a day.

6. Clustering illusion.

This is the tendency to see
jpatterns in random events.
It is key to vari i

3. Bandwagon effect.

The probability of one person
adopting a belief increases
based on the number of people
who hold that belief. This is a
powerful form of groupthink
and is reason why meetings
are often unproductive,

7. Confirmation bias.

We tend to listen only 10
information that confirms our
ions — one of the

fallacies, like the idea that red
is more or less likely 1o turmn up
on a roulette table after a string
of reds

10. Ostrich effect.

The decision to ignore
dangerous or negative
information by "burying”
one’s head in the sand, like

an ostrich. Research suggests
that investors check the value
«of their holdings significantly
less often during bad markets.

T
J': &
N

14. Pro-innovation bias.

‘When a proponent of an
innovation tends to overvalue
its usefulness and undervalue
its limitations. Sound familiar,
silicon Valley?

17. Sel P P 18. yping
Allowing our expectations to Expecting a group of person to
influence how we perceive the have certain qualities without

world. An experiment involving a
football game between students
from two universities showed
that one team saw the opposing
team commit more infractions.

SOURCES: Brain Biases; Ethics

having real information about
the person. Itallows us to
quickly identify stiangers as
friends or enemies, but people
tend to overuse and abuse if,

P
many reasons it's so hard to
have an intelligent conversation
about climate change.

11. Outcome bias.

Judging a decision based on
the outcome — rather than how
exactly the decision was made
in the moment. Just because
you won a lot in Vegas doesn't
mean gambling your money
was a smart decision.

Y

15. Recency.

The tendency to weigh the
latest information more heavily
than older data. Investors often
think the market will always look
‘the way it looks today and maka
unwise decisions.

19. Survivorship bias.

An eror that comes from
focusing only on surviving
examples, causing us 1o
misjudge a situation. For
instance, we might think that
being an entrepreneur is easy
because we haven't heard of
all those whe failed.

evaluation, Journal of Personality and Social Psychology; Peychology Toda
Qthers, Personality and Social Psycholagy
G ications; The lesa e

Bulletin; The Cognitive Effects of

Harvard

b
y; The Bias Blind
Mass Communication, Theory and Research in Mass

LeamVest; Outcome bias in decision
Spot: Perceptions of Bias in Self Versus

fect: and tests, Judgment and Decision Making; The New York Times; The Wall
Street Journak; Wikipedia; You Are Not So Smart; Zhurnaly Wik

Figure 14: Cognitive bias types (Lebowitz, 2015)

4. Blind-spot bias.

Failing to recognize your own
cognitive biases is a bias in
itself. People notice cognitive
and motivational biases much
more in others than in
themselves.

Z)

8. Conservatism bias.

Where people favor priof
evidence over new evidence or
information that has emerged.
People were slow to accept
that the Earth was round
because they maintained their
earlier understanding that the
planet was flat.

12. Overconfidence.

Some of us are too confident
about our abilities, and this
causes us to take greater risks
in our daily lives. Experts are
more prane to this bias than
laypeaple, since they are more
convinced that they are right.

16. Salience.

Our tendency to focus on

the most easily recognizable
features of a person or concept.
When you think about dying, you
might worry about being mauled
by a lion, as opposed to what is
statistically more likely, like dying
in a car accident.

20. Zero-risk bias.

Soviologists have found that

we love certainty — even if it's
counterproductive. Eliminating
nisk entirely means there is no
chance of harm being caused.

BUSINESS INSIDER
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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.

Downtime by Machine g Downtime JPH g Cumulative %

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

Pareto Chart of Downtime JPH

CUMULATIVE %

==
[
w
=
=
=
=
(@]
(a]

Gantry Downtime (JPH lost) Wash Downtime (JPH lost) CNC Downtime (JPH lost)

Figure 15: JPH lost information from Table 1 presented as a Pareto chart.
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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. l.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. l.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. l.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. l.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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Pareto Chart of Downtime Occurance

CUMULATIVE %
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Waiting Attention Shutdown Occurance Setup Occurance Repair Occurance E-Stop Occurance
Occurance

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.

Instances of Shutdown Time
Aug-Nov 2017

288:00:00
240:00:00
192:00:00

144:00:00

CUMULATIVE %

)
2
=
w
2
-
-
<
=
o
[

96:00:00

48:00:00

0:00:00 - .
Over 20 Minutes Under 20 Minutes

Total time Cumulative %

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).
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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.

GL320 04-08-17 0:0D 1220700 |operation 320.3 needs 3 new tool magazine. Call EMsAdown for Ecaffoiding Soatoiding
EL140 27-08-17 1350 | | Two air eaks found and repalred. AT 23k
GL140 27-06-17 16:20 |RINS T

GL14d 26-06-17 12:44 |8 i |Waichdiog fawt, Proxy cleaned and ganiry reset Cleaning
GL14D 2E-08-17 21247 | BEAE  Gripper locator damaged. Gantry lowered Into SPS for replasament. Fart Replacsd
GL140 20-06-17 16:35 [N

GL141 | 25-08-17 1923 | BEa A0 Alr leak Tound and repaked. Al jeak
GL14d 30-05-17 5:42 O 3" | Down with clamping faut. Suspact part clamp valve passing. Part ordered Investigaton
GL140 3008-17 658 | | clamping raun awating part Awatting Pan
GL140 30-08-17 13:35 |18 | Down witn clamping rau. Part replaced Part Raplaced
GLOTS 31-06-17 0:44 |00 BiSE:85 | Lube faull. Lube manifoi cieaneq, selzed pans repiaced Pan Rzplaced
GLOET 02-08-17 17:23 ﬁ

GLOEA 04-05-17 5:40

c0es | o4-0e-17 1745 | EE5ES [ conveyor stop below ncoming gantry conueyoe nat ralsing in Me aotted fime frame. Farl Repiacad
GLOES gsas-17 233 [ B8 |Gripper showing part present after depositing biock. Swarf stuck fo proxy. Cleaning
GLOES 05-05-17 3:26 [ 4338 |1 ube rault Lube manifoid geaned, selzed pans replaced Part Replacad
GLOES Ds-05-17 18:15 [LEEassag

GLOTD De-05-17 20:02 || B33 fwatchdog fawt, Praxy cleansd and gantry resel Cleaning
L1190 07-08-17 17:08 | INEISEEE Marposs receiver on 11004 faulting out wiih no signal. Recalver full of coodant and neads replacing. Gantry down for scaffoiding erectiorf Scaffoiding
GLDES DE-09-17 15:02 “[ﬁ.'%:

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

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.
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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.

o

» 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.
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7

+ 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

PROCESS MAP

Step 1: Repair identi- Step 2: Scaffolding company Step 3: Scaffolders Step 4: Gantry locked-
fied as one needing || contacted and erection/ +—+|arrive and assess job, |—s|off and removed from
scaffolding. (or removal removal time scheduled. CNC m/c locked-off. production.
needed) Personnel: Scaffolders
Personnel: Skilled Trade Personnel: Forman/Manager Personnel: Scaffolders and skilled trade

|
Step 5: Scaffalding Step 6: Scaffolding Step 7: Gantry lock-off Step &: Forman in-
erected/removed |, |checked and signed off removed. L, formed that gantry is
around target CNC m/c. (on erection only). OK to start.
Personnel: Scaffolders Personnel: Scaffolders Personnel: Scaffolders Personnel: Scaffolders
Step 9: Forman/Manager Step 10: Gantry started
asks line maintenance to —*|up and put back into
start-up gantry. production.
Personnel: Forman/Manager Personnel: Skilled Trade

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).

Cost per Safety Simplicity Ease of Machine Total
machine O=compliant use Downtime
to to HASWA (0=Within (0=Short
implement 1974 to available (0O=Minimal one off
Initial Ideas 10=not skill set to hassle to machine Lower
compliant to 10=too access to | shutdown | values
(O=free to HASWA complex or 10=very to are
10=expen | 1974. Values requires difficult to 10=extra better
sive) between outsourcing) use) machines
indicate shutdown
research with every
needed) use)
Current 5 0 10 0 10 25
scaffolding
Minitec Guarding 6 3 4 2 2 17
Sliding gantry 8 2 4 5 3 22
curtain
Access from one 3 5 6 6 10 30
CNC in cell,
board walk.
Key-Clamp 4 2 2 2 1 11
Guarding
Permanent 6 0 10 0 10 26
Scaffolding

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)
2)

3)

Materials are readily available for a prototype, at no extra cost to the company.
Simple construction; lengths only need to be cut to required size, ends threaded and
all fixings can be installed with just an allan key.

Relatively cheap; one machines worth of guard is estimated to cost around £680,
less than the cost of one scaffold installation. (Minitec, 2017)

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.

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.

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.

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

o
=
[®]
17
@
o
>
»

Minitec Guarding

Sliding Gantry Curtain

S
= N N

Key-Clamp Guarding

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.

7
0.0

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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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.

56




Maria Brooks P148303

Part Mo 145,

Y
] =
~
Part No 10
Part No 10 Fart N 119 Part No 10
- b &
I [ 1
Part N 10 Part No 118 Part No
] [ I
[] etttz @ = i i

R

B e
CE AR AR
J’“r/"ﬂ

o was  ra von r w )

M-I.fl;l- o

) Ve i . Deort S 3 o R Coet WU M ST e T TR 3 9% L

B )

o | |
T YT Y3 P YT YT
Corect s a2

Guard Railing
Specht 500W

/2 3

| v o v
Eraaie) Jooe [ | um

ht 500W
at N 101
2
.
nim & Part No 132
part 132 ,
plate Into o y
— o — attachment
[
; {
ht maching body, Parls 132 alached lo i e [Ring ook,
Par
o 101
bn T > o1
[ rato I
art Mo 119
art N 19 \
i N\
~H WHE I Part o; 125
i oy - )
APart No 13 ]
o : ~ !;mlw\_/!:uq/m. 71 T.c.-.-uu.-v..mn...u.-nnmw.-ww-.wu.-mm@‘
Al N | | g | o | o @ n:ﬂmrmmxuv“ml-lmnmm
\ ]| Guard Railing
Specht 500W
e —
=] = = E




Maria Brooks P148303

Part No 161

Parl Na 10
EEE
]
Construct Gantry Slde and
Machine Side first, with parts
161 loosely placed in correct
poslilons, Bolt down to Specht
500W body (using crane to
place), Slot 2200mm poles in ——
after, —
=
_Parl No 16

o=

|-Part No 161

o

e body, A

Specht ma

EEE T

v v e s v e s

Guard Railing
Specht 500W

AR AR
/| i || | o
e
FYmIm Fr
L
£

et bl ) Y I

= 3

LI |

Safely Guard Slde {drawing 3 of4), . —

Construct Gantry Side and
Machine Side first, with parts
161 loosely placed in correct
positions, Bolt down to Specht
500W body (using crane to
place), Slot 2200mm poles in
after,

Part No 16t/

Safety Guard Slde (drawing 3 of 4),

Bafely Guard Machine Slde (drawing 2 of 4),

Plan view of safety guarding In
situ an Specht 500W

B e

e S 2 e e 3 e e s v e e

A - A

9
:meﬁﬁ

T

Er i)

S| ™ Guard Ralling
OO P P Specht 500W
B X

TTUA B - F

Figure 30: Specht 500W guarding pfan view in situ.




Maria Brooks P148303

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:

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

e 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.

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

e Some variety of 'wedging' should be included so that in narrow spaces the platform
can be stabilised without the use of the feet.

e 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.

FAILURE MODE AND EFFECTS ANALYSIS

ttem: Specht Guardin FMEA number: 1
Model: 500V 5000 Prepared by: Maria Brooks Page : 1
Core Team: Jonathan Richards (MOS Manager), Dan Clark (MMS) & Maria Brooks (ECS) FMEA Date (Orig): 05-04-18
. Action Results
Process Potential Failure Potential s g::::::If Lurrent % " Responsibility and
g Effect(s)of | € = Process e P |Recommended Action(s) 1 : : o|D
Function Mode z Mechanism(s) of Target Completion Date Actions
Failure v Controls t N e|lc|e
Failure Taken = 5%
CsaEs Mot Tightened with torque Sceduled mainteance (SMS) [SMS dept to issue first SMS
Support Frame screwg ;u ort bars 7 |o |Vibration wrench to required 3 126 |every 3 months. Check on ‘14th June 18 to be
PP 40Nm. torgue of the grub screws. |compleated by the PM team
Sheering of grub | Movement of kTGS Tightened with t.urque Sceduled mainteance (SMS) Smsddept to issue first SMS
TR, support bars 7 |o overtightening wrench to required [ 42 |every 3 months. Check on ‘14th June 18 to be
40Nm torque of the grub screws. |compleated by the PM team
f:tpaztrl.ll‘;:}ﬂr Sceduled mainteance (SMS) | SMS dept o issue first SMS
Snapping/Fracture siiklen 2 |o |Corrosion None 4 32 |every 3 months. Check for |on 14th June 18 to be
damage/corrosion. compleated by the PM team
movement
E 2 Sceduled mainteance (SMS) [SMS dept to issue first SMS
Gantry guard Loose fixings et o 4 |o |Vibration Tightened with torque 2 43 |every 3 months. Check on 14th June 18 to be
mesh mesh wrench. B
torque of the fixing screws. |compleated by the PM team
Snapping/Fracture Mesh detaches/ Scheduled maintenance SMS dept to issue first SMS
mesﬁp g sudden § (o |Corrosion None 4 72 |(SMS) every 3 months. on 14th June 18 to be
movement Check for damage/corrosion. | completed by the PM team
. Mesh detaches/ ’ y . Scheduled maintenance SMS dept to issue first SMS
ED':E”:"Q“’FFM”” sudden 5 |o E::;ﬁ:’::‘:“w” I:grgfgh“ wihtorque | ¢ | g5 |(GMs) every 3 months. on 14th June 18 to be
2 movement 9 9 ) Check for damage/corrosion. | completed by the PM team
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FAILURE MODE AND EFFECTS ANALYSIS

Item: Access Platform FMEA number: 1
Model: TBD Prepared by: Waria Brooks Page 1
Core Team: Jonathan Richards (MOS Manager), Dan Clark (MM3) & Maria Brooks (ECS) FMEA Date (Crig): 05-04-18
i Action Results
Potential Failure | Potential Effect(s) | ° g:::ig‘(lfa‘f 9 Carront & | B Responsibility and Target o[p] R
Process Function e c Process e P Recommended Action(s) P ity g Actions
Mode of Failure Mechanism(s) of Completion Date cle| P
v c Controls t N Taken
Failure c|lt| N
Beizeis PLaloam Miisisicnd of Sceduled mainteance (SMS) SMS deptto issue first SMS
St e Bolts Sheering st b 7 |o |Corrosion/stress 1 |None 6 42 |every 6 months. Check for on 14th June 18 to be
o i damageicorrosion & functionality. [compleated by the P team
Support bar Scheduled maintenance (SMS)  [SMS deptto issue first SMS
Snapping/Fracture |detaches/sudden | & |o |Corrosion 1 |Mone 4 | 32 |every 6 months. Check for on 14th June 18 to be
mavement damage/corrosion & functionality. [completed by the PM team
Siide outfingers | Gaps around Basic checks carried Scheduled maintenance (SM3)  [SMS deptto issue first SMS
Jammed!da?ﬂa oy mapcmne notfileg | B |° |Corosionistress 3 |outby maintenance at | 1 15 |every 6 months. Check for on 14th June 18 to be
g every use damageicorrosion & functionality. [completed by the PM team
. . . . Basic checks carried Scheduled maintenance (SM3)  [SMS deptto issue first SMS
Ad];lsl;DIE Helont (Edeaullcleakion tLIJﬂnabIe to pdu;ﬂmﬁl 9 |x Clorrolstlonfsléessf 5 |outby maintenanceat [ 1 45 |every 6 months. Check for on ‘14th June 18 to be
e o Dsassure STequiredinelg SiEaticnpecn every use damageicorrosion & functionality. |completed by the PM team
Scheduled maintenance (SMS)  [SMS depttoissue first SMS
Elgg"rm wamslo |z lo gf;rgﬁ';’:é?éef;f 4 |Mechanical Pawllock. | 2 | 56 |every & months. Check for on 14th June 18 ta be
. damage/corrosion & functionality. completed by the PM team
P Basic checks carried Scheduled maintenance (SM3)  [SMS deptto issue first SMS
Mechanical Pawl |unable to lock the Pawl jammed out &
X 8 |o = 2 |outby maintenanceat | 2 32 |every 8 months. Check for on 14th June 18 to be
Jammedftamaged platform i place fCamoSionistress every use damageicorrosion & functionality. |completed by the PM team
Plat 1b Pawl q Basic checks carried Scheduled maintenance (SMS)  |SMS dept to issue first SM3
mi;g:ﬂ?ggg : 7 |o Cz‘?‘r’nlsal?nrj‘-lsetregs 2 |outby maintenance at | 2 28 |every 8 months. Check for on 14th June 18 to be
every use. damage/corrosion & functionality. completed by the PM team
Stanility of Jammed! In open spaces the Basic checks camried Scheduled maintenance (SMS)  |SMS dept to issue first SM3
Iaﬂnrtryn damaged stability |platform has 8 |o |Corrosion/stress 2 |outby maintenance at| 1 8 |every 6 months. Check for on 14th June 18 to be
F jacks nol/poor stability every use. damage/corrosion & functionality. completed by the PM team
Snapping/Fracture | M 00EN Spaces the Basic checks carried Scheduled maintenance (SMS)  [SMS deptto issue first SMS
i Ihpepslaghility acks |P1atform has 8 |o |Corrosion/stress 2 |outby maintenance at| 1 8 |every 6 months. Check for on 14th June 18 to be
L nolpoor stability every use. damage/corrosion & functionality. completed by the PM team
Scheduled maintenance (SMS)  |SMS dept to issue first SM3
Platform not level |Platform unstable 8 |o |Ground not level 5 |Bulls-eye level gauge. 1 40 |every 8 months. Check for on 14th June 18 to be
functionality of bulls eye completed by the PM team
Scheduled maintenance (SMS)  [SMS deptto issue first SMS
Piattorm unstable | & |o [JACKSMWNERISNT 5 Ipuus eye evel gauge. | 1 | 15 [every 6 montns. Gheckor on 14th June 18 ta be
damage/corrosion & functionality. completed by the PM team

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). Itis
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.
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REQUEST TO ADD PREVENTIVE MAINTENANCE TO T.E.M.

Pleaze complete all shaded areas and sendto T E_ M _4 dministrator:

EQUIPMENT COSTCENTRE:[f810] opNo: [ENCs | BTNO:[ |

AREA | PAG BLOCE MACHINING |

FREQUENCY (DAYS) START DATE
TRADE DURATION (HOURS)
WORKTYPE' [l SAFETY [ PREVENTIVE [JJj FREDICTIVE [] BEW
il [0 QUALITY
CAN THIS JOB BE COMPLETED WHILE PRODUCTION IS RUNNING?
JOB DESCRIPTION:

Check all fixing prub semws ara tight to 40Nm {10mm allan}

Inspect frama for damags crcormsion

Inspectmash fordamages or comesion

Insure machfinines ar= tight.

Check fixing points to the machine fordamage and corrosion

Ensura fixing bolts ara tight to 70Nm.

BEQUESTEDEBY: Maria8Brooks DATE: 15/04:2018
BETUENED BY: DATE
PMMASTER:
COMMENTS:
THIS DOCTMENT: MASTER
C:\Users Tom'Dasktop Dissertation'Figures'\Ba - W IEMEMRagnendar
clup of sms ene guard whis Creared: 22032002 Pagz Ll ofl

Created: 24/0472018
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REQUEST TO ADD PREVENTIVE MAINTENANCE TO T.EM.

Pleazs complete all shaded areas and sendre T.E M Adminismrator:

TEM

EQUIPMENT COSTCENTRE:[%810] OPNO- BTNO:[ ]
ARE A [FAGELOCK MACHINING |

FREQUENCY (DAYS) START DATE
TRADE DURATION (HOURS)

WORKTYPE' [Jl] SAFETY [ PREVENTIVE ] PREDICTIVE [] BEW

] QUALITY
CAN THIS JOB BE COMPLETED WHILE PRODUCTION IS RUNNING?
JOB DESCRIPTION:

Check all fixing screws are tight.

Inspact frame for demags orcormsion

Check fingers to snmwa smooth movemant and no damegs.

Inspact supports'clamps/'pawl for damage and corrosion

Male surs kavel, wheels andjecks arain good workine ordar.

Ensura hydranlic systamis pras sursisad no leaks damage.

Ensure hydraulic systamis in gpod wodiing order.

REQUESTED BY: Maria5Brooks DATE: 13/04/2018

EETUENED BY:

=
-
&

PMMASTER:

COMMENTS:

THIS DOCURENT: MASTER
C | sgrsi Tom (Desim pl D mrerertion Fipres lons aeeess oI TEMPM Raqie s dar
Plagfrmdors Created : 72/05.2002

Creared: 24042018

Pagzlofl
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FAILURE MODE AND EFFECTS ANALYSIS

fem: Specht Guarding FMEA number: 1
Model S00W 500D Prepared by: Maria Brooks Page : i
Core Team: Jonathan Richards (MOS Manager}, Dan Clark (MMS) & Maria Brooks (ECS) FMEA Date (Orig): 05-04-18
PR "] D Action Results
= otential
z Potential s ¢ Current € R Sz
Proce_ss Potential Failure Effect(s) of & | Cause(s)/ i P t p Recommended Action(s) Responsmlllt_yand . ol m
Function Mode g Mechanism(s) of Target Completion Date Actions
Failure v u Controls e N el P
Failure Taken
r c t| N
AT it o Tightened with torgue Scheduled maintenance (SMS)|SMS dept to izsue first SMS i
Suppert Frame sc:rew: ;u s 7 |o |Vibration 6  [wrench to required 3 126 |every 3 months. Check torgue |on 14th June 18 to be c:hegc:ks [ 1] 28
P 40Nm of the grub screws. completed by the PM team -
Sheering of grub | Movement of Corrosion/stress/ Tightened with t.urque Scheduled maintenance (SMS)(SMS dept to issue first SMS Regular
iy dpiinpland] 7 e Gk 1 wrench to reguired [+ 42 |every 3 months. Check torgue |on 14th June 18 to be St [ 4| 28
PP 9 g 40Nm of the grub screws. completed by the PM team .
g’:{;";g:fr Scheduled maintenance (SHS)|SHS deptto ssus fistSMS | |
Snapping/Fracture & |o [Corrosion 1 [Mone 4 32 |every 3 months. Check for on 14th June 18 to be o ] 2|16
sudden i checks.
damage/corrosion. completed by the PM team
movement
Scheduled maintenance (SMS)|SMS dept to issue first SMS
Gantry guard Loose fiings MOvesmetLor 4 |o Vibration 6 Tiariened with torque 2 48 |every 3 months. Check torgue |on 14th June 18 to be Hemkar 4 1| 16
mesh mesh wrench. 2 checks.
of the fixing screws. completed by the PM team
i ST Mesh detaches/ Scheduled maintenance (SMS)|SMS dept to izsue first SMS R
pping sudden & |o |Corrosion 3 |MNone 4 72 |every 3 months. Check for on 14th June 18 to be - 6 2| 24
mesh : checks.
mowvement damage/corrosion. completed by the PM team
2 Mesh detaches/ 2 b 2 Scheduled maintenance (SMS)(SMS dept to issue first SMS
Snapping/Fracture | yen g | |Comosionistiessio | 5 |Tightened withtorque | ¢ | gp |0 nonths Check for  |on 14th June 1810 be Regular 4 24
fiings wer tightening wrench. : checks.
movement damage/corrosion. completed by the PM team
- 2. CRAC N £ 41 1: - Ty , OREC
FAILURE MODE AND EFFECTS ANALYSIS
tem: Access Platform FMEA number: #
Model: TBD Prepared by: Maria Brooks Page : 1
Core Team: Jonathan Richards (MOS Manager), Dan Clark (MMS) & Maria Brooks (ECS} FMEA Date (Orig): 05-04-18
i Action Results
Process Potential Failure Potenisl s g;::::‘:;f 9 Current 0 " Responsibility and Target 5(0 R
Function Mode Effect{s) of e Mechanism(s) of i ks % E Recommended Action(s) pCt:»n'\ letion Date ? i
Failure v : c Controls t N ! Actions Taken | e | ¢ B
Failure v|e N
Access Platform Movement of Sceduled mainteance (SMS) every|SMS dept to issue first SMS | Regular checks
e Bolts Sheering :;u ik e 7 |o |Corrosion/stress i None [ 42 |8 months. Check for on 14th June 1810 be and functionality| 7| 1 14
o pp damage/corrosion & functionalty. |compleated by the PM team tests.
ju{ppiﬂ;ﬂr Sceduled mainteance (SMS) every|SMS dept to issue first SMS | Regular checks
Snapping/Fracture edadc i3 & |o |Corrosion 1 None 4 32 |8 months. Check for on 14th June 18 to be and functionality | & | 1 16
e damage/coerrosion & functionalty. |compleated by the PM team tests,
movement
Siide out fingers Gaps around Basic checks carried Sceduled mainteance (SMS) every|SMS dept to issue first SMS | Regular checks
Jamedidamag od machine not 5 |o |Corrosion/stress 3 |out by maintenance at 1 15 |6 months. Check for on 14th June 18 to be and functienalty | 5| 1 5
g infilled EVEry USE. damage/corrosion & functionalty. |compleated by the PM team tests,
" . 2 Unable to pump Basic checks carried Scheduled maintenance (SMS) SMS dept to issue first SMS | Regular checks
?:J::;g:nmlgm H:‘:;:E:': eakiow to the required 9 |x UCi?;r;tst\:na’set;eussi 5 |out by maintenance at 1 45 |every & months. Check for on 14th June 18 to be and functionality | 9| 2 18
p height pp P BVEry Use. damage/corrosion & functionality. |completed by the PM team tests.
Platform wants Cosivsialinss Scheduled maintenance (SMS) SMS dept to issue first SMS | Regular checks
o hra 7 |o oil not topped u 4 |Mechanical Pawl lock. 2 58 |every & months. Check for on 14th June 18 to be and functionality | 7 | 1 T
P PR » damage/corrosion & functionality. |completed by the PM team tests.
Mechanical Pawl unable to lock Paw! jammed out Basic checks carried Scheduled maintenance (SM3) SMS dept to issue first SMS | Regular checks
- the platform in 8 |o ! 2 |out by maintenance at | 2 32 |every & months. Check for on 14th June 18 to be and functienality | & | 1 8
Jammed/damaged Corrosion/stress P o
place EVEry USE. damage/corrosion & functionalty. |completed by the PM team tests.
Platform cannot Paw! iammed in Basic checks carried Scheduled maintenance (SMS) SMS dept to issue first SMS | Regular checks
be 7 |o CUFFUJS\UI'I."STFESS 2 |out by maintenance at | 2 28 |every 6 months. Check for on 14th June 18 to be and functionality | 7 | 1 7
lowerediraized BVEry USe. damage/corrosion & functionality. |completed by the PM team tests.
Stabiity of i it {':I Upﬂfpﬁces Basic checks carried Scheduled maintenance (SMS) SMS dept to issue first SMS | Regular checks
iatform stabilty jacks g h = pa}] o & |o |Corrosion/stress 2 |out by maintenance at 1 & |every & months. Check for on 14th June 18 to be and functionality | 8 | 1 8
P ! ;ﬂi:‘l';var every use. damage/corrosion & functionality. |completed by the PM team tests.
Snapping/Fracture 1‘?11 UDTF{‘SDECES Basic checks carried Scheduled maintenance (SM3) SMS dept to issue first SMS | Regular checks
to the stability h;z;;ﬂ? 8 |o |Corrosion/stress 2 |out by maintenance at | 1 8 |every 6 months. Check for on ‘14th June 1810 be and functionality| 8 | 1 8
jacks stabil EVEry USE. damage/corrosion & functionalty. |completed by the PM team tests,
Platform Scheduled maintenance (SMS) SMS dept to issue first SMS | Regular checks
Platform not level unstable 8 |o |Ground not level 5 |Bulls-eye level gauge. 1 40 |every & months. Check for on 14th June 18 fo be and functionality | 8 | 3 24
functionality of bulls eye completed by the PM team tests.
Platform Tackstwheoks not Scheduled maintenance (SM3) SMS dept to issue first SMS | Regular checks
unstable 8 |o level 2 |Bullz-eye level gauge. 1 16 |every & months. Check for on 14th June 138 to be and functienality | 8 | 1 8
damage/corrosion & functionality. |completed by the PM team tests.
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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.
550X 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.

[32 X 1800](shutdown time/s) + 252(cycle time/s) = 229 (parts lost)
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 % 279.77 (cost per part Appendix 2) = £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.
114630(shutdown time/s) + 252(cycle time/s) = 455 (parts lost)

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 X 279.77 (cost per part Appendix 2) = £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:

) Total project cost (£)
Break Even Time (weeks) = £

Cost of scaffolding (:

week)

17,600 + 22,000 + 8113.33 (£)
9791.95 + 740 (£)

Break Even Time (weeks) =

47,713.33 (£)

Break Even Time (weeks) = 10,531.95 (£)

Break Even Time = 4.53 Weeks

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.

Task Start Date |Duration |Percentage Compleate
Identify Project 18.09.17 7
Team formation 25.09.17 1
Project meetings 25.09.17 1
litriture review 25.09.17 14
Scope of the project 25.09.17 i
Overall problem statement 02.10.17 7
Identify quality characteristics 09.10.17 7
Identify VOC 09.10.17 7
Aims and objectives 16.10.17 7
Write up project charter 23.10.17 7
Data collection plan 30.10.17 7
Collect baseline data 06.11.17 7
Perato diagram of stoppage modes 13.11.17 7
Cause and effect, main stoppage mode 20.11.17 7
Posmon data of shutdown modes 27.11.17 7
Determine main causes 04.12.17 7
Prioritise root causes 11.12.17 7
Identify main root cause 18.12.17 7
Review current process 01.01.18 7
Brainstorm potential solutions 08.01.18 3
Select and prioritise solutions 11.01.18 4
Design solution 15.01.18 28
Cost analysis & order trail parts 22.01.18

Trial solution 05.02.18 14
Adjust solution if needed 19.02.18

Trial solution again 26.02.18 14
FMEA 12.03.18

Consider any maintenance on new system 19.03.18

Risk assessment 26.03.18

Brainstorm line roll out plans 26.03.18

Select and prioritise plan 26.03.18

Cost and impact - break even analysis 02.04.18

Order parts 09.04.18 2
Roll out solution to whole line 16.04.18 5
Control charts 16.04.18

Implement process controls 16.04.18

Ensure all personnel have training 16.04.18 14
Monitor usage and address any issues thatoccur  |16.04.18 365

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.

70




Maria Brooks P148303

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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12.2 Appendix 2

19.5 JPH, target 24 capable of 35.
24 —19.5=45
4.5 JPH down per 24 hours of production.
45 x 24 =108
This equates to 108 parts down per day.
108 x 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:

e Castblock=£172.18
e Added parts (blots, cam caps, valve seats etc) = £26.72
e 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 x 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

THEREICT MIRE & SCAFFOCTHNG LT

28917

For the attention of Mr. D. Preece
Ford Motor Co. — Bridgend
Quotation No. 172,/17

Location: Various access

Further to your recent enguiry we confirm our quotation as detailed below:-

Supply, erect, hire and dismantie on completion
Various access and protection scaffolds projected usage September 2017

& Access platform and protection handrail at vanous locations carmied out in normal
working hours & No. x £740000 = £4,340.00

& Access platform and protection handrail erected ocut of normal working hours i
No. at £740.00 pius NPO at £144.00 = £834.00 each x & No_ for month =
£5,304.00
Total £9,744.00

VAT
Value added tax will be charged in addition to the above prices at the rate applicable at the time of
invoicing.

TERMS AND CONDITIONS
Cwir guotation is open for acceptance for a pericd of 30 days and is subject to cur mutual agreement
on terms and conditions of contract and programme of works.

TERMS OF PAYMENT
Terms Mett

‘We trust you find the above a fair and reascnable quotation and look forward to your valued reply in
due course.

Yours faithfully
Lee Felstead
For and on behalf of

TIRLCT MWIRE & SCATTOODNG LT

CORRESPONDENCE ADDRESS
11 WOODBURY HILL
LOUGHTON

ESSEX

1218 148

TEL DTB38 243349

REGISTERED OF FICE ADLRESES
T2 OREAY SUFFOLK BTREET
LONDD

SE1 GEL

COMPARYT REQ NO: 10B02841
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12.4 Appendix 4

Selection Criteria

220 - DownTime By State Report

[ Ares

&) - &) Engine Family

Department E510 - AJCYL BLOCK MC
Line PAGELCCK - Al ELOCK MACHIN ING
C3I20PAG-BL - OP3Z0 MACHINESC 350PAG-BL - OF350 MachinesCTOPAG-BLE - OPTO MACHINESCEDPAG-BLK - OPED MACHINES
C1O0PAG-EL - OPLDD MACHINESC 110PAG-EL - OPLLD MACHIN ESC120PAG-EL - OP120 MACHINESC130PAG-EL - OP130 MACHINES
icell C140PAG-EL - OP140 MACHINESD IFDPAG-EL - OPLTD MACHINES
OP350.2 - )1 26 CNC MACHINEDPIS0 3 - AVL26 ONCMACHINEDPOTO.] - SPECHT 500 MACHINECPI?0.2 - SPECHT 500 MACHINEDPO 0.3 - SPECHT 500 MACHINE
OPOS - SPECHT 500 MACHINEDPO80.1 - SPECHT 500 MACHINE OP080 2 - SPEOHT 500 MACHIN EDR3A0.3 - SPECHT 500 MACHINEDPIS0S - SPECHT 500 M ACHINE
OP100. 1 -SPECHT 500 MACHINEDRPL00.2 - 5PECHT 600 MACHINE OP 1003 - SPECHT 600 MACHINEORL00.4 - SPECHT 600 MACHINEOPLO0.S -5I6 SPECHT 600 MACHINE
OP100.6 - SPECHT 500 MACHINEDPL110.1 - SPECHT S00MACHINE DP110.2 - SPECHT 500 MACHINEDPL 10.3 - SPECHT 500 MACHINE
OP110.5 - SPECHT 500 MACHINEDP120.1 -SPECHT S00MACHINE OP 1202 - AI133 SPECHT S00W MACHINE 0P 1203 - SPECHT 500 MACHINE
Equipment D1 0.5 - SPECHT 500 MACHIN EDP130.1 - SPECHT 600 MACHINE DP130._2 - SPECHT 600 MACHIN EDP1 30 4 - SPECHT 600 MACHINE
Zone &1 ZonesSelected
5t ation Al Stations Selected
bohs &l Jobs Selected
Shi ft Al Shifts selected
shift Type: &l Shifts Type Selected
summary Level Station
Start Date 27-AuE-2017 |EI'H‘.| Date 24-Nov-2017
Ares AJ - A Engine Famify shift alishift==elected
Team -
epartment 6510 - AJ CYL BLOCK MC | Start ate 27-AuE-200F
Line: PAGELOCK - Al ELOCK MACHIN ING End Date 24-Nonw-2017
Sz
W Tl e JPH Zulcp PH mEiuDuwn l*H ESLplPH it g SALLPH m St JPH
0
[eNC]
T

racliby Tesd
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|Equipment  [etation [FaciityText  [Bypasz JPH Jroci change irH [eetup it [shutDown JPH  [E-Stop JrH Jwaiting art pfRepairied |
OF320.1 E320-3501  OF320 1 0 002 oL 0.13 0 s 03
oF3202 B320-3502  OF320 2 0 o [T 016 0 ¥ 008
OF320.3 B320-3503  OF320 3 0 o002 o3 026 0 027 02s
OF320.4 E320-3504  OF320 4 0 o o4E 031 0oL 013 01s
OP350.1 OP350.1 oP350_1 0 003 o D& 0 0s7 o1
0P3502 0OF3502 OF350_2 0 135 o4 053 0 st 1
OF350.3 OP350.3 OF350_3 0 o o 057 0 nas 018
OPDT0.1 EO70.1 OPOTO0.L 0 oot a2z 02 0 112 047
oPOT02 BO70.2 oFOT02 0 oo o 051 0 LEE 013
OPOT03 BO70.3 OPOTD.3 0 234 [VET] 0.73 024 48 188
OFOTO0.5 BOT0.5 CPOTOS 0 00 os 02s 0 nED 0ET
OPOBED.1 BOBO0.1 OPOBD.1L 0 04z ool D2s 0 e 026
OPDBD.2 EOBO.2 OPOBD.2 0 00 Qo3 0.08 0 o7z 0sz2
CFOBD.3 E0B0.3 OFDBD.3 0 003 ooz 01 0 o3z o2
OFDEDS EOBO.S OFDBEDS 0 o0 oz D08 0 024 [LT"
OF100.1 B100.1 OP100.1 0 017 L5 0.ss 0 161 138
OP100.2 E100.2 oP10D2 0 014 oo 054 0 0ET 026
OP1003 B100.3 OP1003 0 074 013 101 077 04s 114
OP100.4 E100.4 oP100.A 0 o o 0.03 0 o 0
OFL00.5 E100.5 OP1D05 0 o011 o3s 105 0 (% 034
CFL00.5 BL00.5 CFL0D.65 0 038 0os 105 0 4s 028
OP110.1 E110.1 OP110.1 0 003 oz 076 0 LES oFe
oF1102 E110.2 oP1102 0 0oL o 027 0 129 024
OP110.3 E110.3 OP110.3 0 018 023 0.ET 0 03 o011
OF1105 B110.5 OP1105 0 oo oo 016 0 141 00s
OP120.1 E120.1 oPL20.1 0 003 [T 053 0 171 127
oP1203 E120.2 OP1203 0 003 oz 0.3 0 LEE [T
OF1203 E120.3 OF120.3 0 003 oot 038 0 o5 02s
OF120.5 E120.5 OP1205 0 o0 o 031 0 0ES 08
OP130.1 B130.1 oP1301 0 oo o3 [ET 0 134 017
OP1302 E130.2 oP13032 0 02 a1z 051 0 4s 182
oP1304 B130.4 oP1304 0 0 o 0o 0 0sE 021
[Faciity Test  Jioks [tandard Cyde TPieces assumed 1 |

OPOT0.2 45- Mizsnglob < ¥

Averages—s 02015625 015375 0L4S7E1Z5  QD31E75 071625  0.50625 Sum=
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12.5 Appendix 5

Selection Criteria

220 - DownTime By State Report

|Area Al - AJ Engine Family

Department 6810 - Al CYL BLOCK MC

Line PAGBLOCK - Al BLOCK MACHINING

Cell 5
GLO15 - GANTRY LOAD Opl15GL340 - GANTRY LOAD Op340GL350-360 - GANTRY LOAD OP350/360GLO0E7 - GANTRY LOAD OPOG7GLOGS - GANTRY LOAD Op68
GLO70 - GANTRY LOAD OPO70GLOS0 - GANTRY LOAD OPOBOGL100 - GANTRY LOAD OP100GL110 - GANTRY LOAD OP110GL120 - GANTRY LOAD OP1320

E GL130 - GANTRY LOAD OP130GL140 - GANTRY LOAD OP140GL1408 - GANTRY UNLOAD OP140GL178 - GANTRY LOAD OP178GL195 - GANTRY LOAD OP195

Zone All Zones Selected

[Station All Stations Selected

|iobs All Jobs Selected

Al Shifts Selected

Shift
Shift Type

all shifts Type Selected

[summary Level Station
ISiﬂr{ Date 27-Aug-2017 lEr]d Date 24-Nov-2017

Area Al - Al Engine Family Shift AllshiftsSelected
Team -
Drepartment 6810 - AJ CYL BLOCK MC Start Date 27-Aug-2017
Line PAGBLOCK - Al BLOCK MACHINING End Date 24-Nov-2017
JPH
M Tool Change IPH Setup JPH M ShutDown JPH M E-Stop JPH Waiting AttJPH  ERepair JPH
3.00
2.00
750 I
.00
5.00
4.00
3.00 - - I
2.00 =
— —
1.00 = . i L 4
pop I 5 + + + = —
OP15-17GL 320_360GL GL350-350 OPO&7GL OPOGAGL OPOTOGL OPO20GL OP100GL OPLI0GL OP120GL OP130GL GL140.1 GL140B OPLT8GL OP195GL
Facility Text
Equipment [5tation [Facility Text _ [Bypass JIPH [Tool chang= P [Setup it [ShutDown JPH [E-StopJPH [Waiting AttJPH_ [Repaiript |
GLO15 BO15GL OP15-17GL ] o o 0.24 0.04 012 011
GL340 B340GL 320_360GL ] o 0.29 0.31 Q 073 021
GL350-360 350-360GL  G1350-360 a 1] 0 007 0.03 013 0.03
GLOB7 BOSTGL OPOETGL ] o 0.38 0.29 001 0.57 0.06
GLOG8 BOGBGL OPOBBGL a a o 106 001 043 002
GLO70 BO70GL OPO70GL o o 165 0.07 a 1237 142
GLOBO BOBOGL OPOBOGL ] o o [} Q Q o
GL10O B100GL OP100GL ] o 12 0.88 Q 183 438
GL110 B110GL OP110GL o [+] 0 019 a 041 24
GL120 B120GL OP120GL 0 ] 282 0.28 0.05 0.99 124
GL130 B130GL OP130GL 0 a 494 164 V] 034 051
GL140 140.1GL GL140.1 (] o o 0.23 Q 0.04 o
GL1402 GL140B GL140B (] o o 0 Q a o
GL178 B178GL OP178GL ] o o Q Q Q o
GL195 B195GL OP195GL a 4] 295 023 a 011 o
[Facility Text Jiobs [standard Cyde|Pieces assumed 1|
GL350-360 8 - Missing Jol>< ] 0.9473333 0.366 0.00933333 0.464666667 0.69266667 Sum 248
OP110GL 90 - Missing Jc>< Y
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12.6 Appendix 6

220 - DownTime By State Report

Selection Criteria

Area |AS - Al Engine Family
Department |681€l - Al CYL BLOCK MC
Line |PAGBLOCK - Al BLOCK MACHINING
Equipment OP330 - WASH - DURROP360 WASH - H.P.WASE} DEBURROP150 - H.P WASH/DEBURROF160 - H.P.WASH?(ﬁEBURR
ne Al Zones Selected
Station Afl Stations Selected
IPanmemr All Parameters Selected
[Habs Al Jobs Selected
i All Shifts Selected
Shift Type Afl Shifts Type Sefected
|Start Date 27-Aug-2017 ]Ellli Date 24-Nov-2017
(Area Al - Al Engime Family ISIllI't. AllShiftsSelected
Team =
Dy ment 6210 - AJ C¥L BLOCK MC 5tart Date 27-Aug-2017
Il:'lle PAGBLOCK - AJ BLOCK MACHINING End Date 24-Now-2017
JPH
W Tool Change JPH SetupPH  EShutDownPH  EE-Stop IPH ‘Waiting AttJPH W Repair JPH
200
180
160
140 | = -
120
100
08D
060
040 _
— -—
000
OP330 OF360 OP160
Facility Tesxt
|Equipment |station _[Facility Text [BypassiPH _ [Tool Change JPH _[Setup PH_[shutDown JPH [E-Stop JPH_[wiaiting At JPH _ [Repair JpH |
OP330 B330 QOP330 0 0 0 0.37 o 0.06 0.01
OP360 WASH OP380 OP360 o 0 0 0.58 011 055 052
OF160 B1s0 QF160 0 0 0 0.39 o 062 075

0.45 0.03666667 0.41 0.42666667 Sum
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12.7 Appendix 7

PLC Conditions
Required to
Transition into POS
Monitoring Status
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PLC Conditions Required to transition into POS Monitoring

Status
Document History
Version Author Dae Comments
V.0.o1(1* Draft) Tarry Cowen 19" Oictober, 1098 First Pass Draft -
Mot Official Release
V.0.0.2(2™ Draft) Terry Cowan 22™ Ociobar Second Pass Drait -
Inchedas Word 485
Vi.0.0 Tarmry Cowen 16" March 1999 Logged into SoftCm
‘\softcmipiscmiposip
monsuppaort
T Cowen
Stalus 1.D0C
POS Monitofing V100
1501 16" March 1990
‘\softcmipfscmipos! pmonsupport

Page £
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PLC Conditions Required to transition into POS Monitoring

Status
Content
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BRI ey e e e e 5
Y= Tt At O R RSN DAL I NS e ot AR (I s R 6
Wamne Auxu_mm' Pﬂ.nrs -.m] ..... g
Bypass (9)... g
SHUTDOWN [E-] .
B I Tt e e s st e e 7
TIODEEARAMGE Tl s it 2 b iy e S0 SRR s T il 7
Ly g e = L T O, 7
RepamR (4)... 7
Break (3)... B
EMERGENCY ST0P [2 e et i e s e e a8
Ho-Comus (1) .. B
FURTHER EXPLANATION OF CYCLE TYPE BITS (WORD &) it ]
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CYCLE START .o 10
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PLC Conditions Required to transition into POS Monitoring
Status

Accompanying Documents

This document should ba used in conjunction with othar POS Monioring documants:-
POS Monitoring Programmable Device Memaory Map Spacification

POS Monitoring Programmable Device Memory Map Implemantation Guida

T Cowan
Siatus 1.00C
POS Monitoring V100
1/591 16" March 1990
\softcm’pfscm’post pmionisupport

Paga 4
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PLC Conditions Required to transition into POS Monitoring
Status

Statuses in Order of Priority
Mo-Comms

Emargency Stop

Broak

Repair

Waiting Atienbion
Tookchange
Setup

Shutdown

B0 e

. Bypass
10, Waiting Awxiliary Par
11. Stanved
12. Blocked
13. GCycling

Statement of Status

These statuses are explained in reverse priovity order If any of the higher priorty status
cenditions are true then the machine will be in a higher priority status.

Cyeling (13)
{Tha machine is cycling in avtomatic and no othor status is trua.)

The PLC must have CRM (Word 5 bit 14) and Auto (Word 5 bit 4) true and when Request
Cycle Stant (Word 5 bit 5) goes true the status will transition into Cycling.

If the eguipment does nol have a specific Reguest Cycla Start button or double handed
buttons, than thare will be a fransition inio Cyelimg whon Cycle End (Word 4 bit 5) goas inse,

In the case whara machines star to cycle whan put into avtomatic the Reguast Cycle Starl
can be =t at the sama tme that the maching is put into automatic. Then the status will
transition irto cycling as soon &5 the machine is put into automatic,

Cyciing is tha lowest of the status priorities, themfore # thera are any other bits sat that will
force another status than that status will be trua.

Cycling is tha status that msots all other statuses that no longer have the conditions sat o
safisfy tham.

If the maching was Blocked Starved or Waldng Auxiliary Marerial and iz no longer then
the machine will transition inlo Cyoling.

Blocked (12)

{Tha machine is in automatic and would be cycling but is at the siep in the machine cycle
whera a part neads to be oulput from the machine but it is inhibited as the previous parl has
not been mmoved from the maching’s output siation. Thare is a configurable time dafay in the
‘Function Block' to ensure that the status does not fransition o Blocked unl the ‘Work
Standard’ allowable fime for undoad has exceadad )

The PLC must kave CAM {(Word 5 bit 14} and Auto (Word 5 bit 4) true and when Blocked
(Word 5 bit 0) goes frue tho status will ransition into Blockad.

The machine can ondy transition into Blocked i the previous status was cycling.

T Cowen
Status_1.00C
POS Monitoring Voo
1581 16" March 1938
‘softcmipfscmipos.pmon'support

Paga
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PLC Conditions Required to transition into POS Monitoring
Status

Starved (11)

(Tha machine is in automatic and would be cycling but s at the step in the machine cycle
where a parl neads 10 be at the input station but it is inhibited as a new part is not available.
Thara is a configurable time defay in the “Function Block' to ensure that the status does not
transition to Starved until the ‘Work Standard’ allowable time for load has exceedad.)

The PLC must have CRM (Word 5 bit 14) and Auto (Word 5 bit 4) true and when Starved
(Word 5 bit 1) goes frue the status will iransition into Starved.

The maching can ondy transition into Starved i the previous status was cycling.

Waiting Auxiliary Parts (10)

(Tha machine is in awtomatic and would be cycling but is at the siep in the machine cycle that
a part neads to be at the auxiliary input station but it is inhibited as 2 new auxiliary parl is not
available. There iz a configurable time delay in the “Funciion Block” o ensum that the stalus
does not transition to Waiting Awelliary Parr until the Work Standard’ allowable time for
waiting for am auxiliary part has excoodad.)

The PLC muest have CRM {Word 5 bit 14) and Auto {Word 5 bit 4) tree and when Empty
Auxiliary Loader (Word 5 bit 2) goos true the status will fransition into Wailting Auxifary Part.

Tha machine can only transition into Waiting Awcliary Parts if the previows states was cycling.

Bypass (9)

(The maching is in aulomatic or manual and swilched into Bypass, bypassing all oparations
performed by that machina. If in automatic the machine will be moving the par through the
maching but hawe no efiect on it If in manual the machina will ba not ba doing anything and
will not do anything untl it is switchaed out of Bypass or Toolchange is solected.)

The PLC must have CRAM (Word 5 bit 14) and Auto (Word 5 bit 4) may or may not be true and
whan Bypass Selected (Word 5 bit 11} goes true the status will transition into Bypass.

Shutdown (8)

(The machine has boen requesied to stop at end of cycle and has reached cycla end (Manusal
Controlied Stop) or the machine has boan placed into manualnot automatic mode and the
previows status was not W aiting Attiention or THRM is no longar on.)

Tha PLC CRM (Word 5 bit 14) may or may not bo true and i true then whon Manual
Controlled Stop (Word 5 bit &) goas true or Manual Intervention (Word 5 bit 2) goes frue
the status will ransition into Shutdown.

The Status will emain Shuedown until the machine starts to cycle again or a highar pricrity
status axists.

T Cowen
Status_1.00C
POS Monitoring Vioo
1/591 16" March 1993
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PLC Conditions Required to transition into POS Monitoring
Status

Setup (7)
{The machine is in the Setup moda as indicated by the fact the “Satup’ switch has baen set or
tha the machine is going through a setup procedura. )

The PLC must have CRM (Word 5 bit 14) and Auto (Word 5 bit 4} is not true and when Setup
Mode (Word 5 bit 10) goas trua the stabues will fransition into Setup.

Tha Status will remain Setup until satup mode is no longer selectad in manual mode and the
machine has staried to cycle again or the automatic selup procedurs has completed or a
higher priority siatus axists.

Toolchange (6)

(The machine has bean roguosiod o go to a toolchange posiion either by push bution
request or automatically by means of an elapsed tool countar and tockchangs is in progross.
Whera toolchange can reiate to any durable 1ol - Grinding Wheel, Gutting Tool, Walding Tool
Tipetc.)

Tha PLC must have CRM (Word 5 bit 14} and Auto (Word 5 bit 4) is not true and when Tool
Change Selecwed (Word 5 bit 9) goes true the status will transition into Toelchange.

The states will emain Teolchange until the machine has started to cycle again or a hghar
priority status exists.

Waiting Attention (5)

(The machine has either a dotectable faull, a constant manitorad fault or 2 interlock fault, or a
timad-out fault (the machine has not reached its end of cycle within a prescribed time or an
EDDH sequenca has not stappad on in the prescribed time [It must be rememberad that some
of the saquancas may knowing wail in specific siaps Le. whan Blocked, Starved & W aiting
Auiliary Part and tharfore soma masking of thesa conditions will be necassary. )

Tha PLC must have CRM (Word 5 bit 14} and Auto (Word 5 bit 4) may or may not ba tfrue and
whan In Fault (Word 5 bit 13) goas true the status will transition inio Waiting Attention.

The status will remain Waiting Attention until Manual Intenention is indicated or the maching
has starlad to cycle or a higher prioriy status exists.

Repair (4)
{The machina was in Waiing Atlention and now Manual Imenvention is indicatad)

Tha PLC must have CRM (Word 5 bit 14} and Auto (Word 5 bit 4} is not trwe and when
Manual Iniervention (Word 5 bit 8) goos frue the status will transition into Ropalr.

The =tatus will remain Repair unfil the machine has started to cycle or a higher priority status

axisis.
T Cowon Paga 7
Status _1.D0OC
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1/591 16™ March 1929
‘\softcmiplscmipos pmon'support

91




Maria Brooks P148303

PLC Conditions Required to transition into POS Monitoring
Status

Break (3)
{Broak has boen seleciad.)
Break (Word 5 bit 12} is trua.

Tha status will remain  Break uniil the machine has staried to cycle or a higher priority status
exisis.

Emergency Stop (2)
(The machire has been mquested lo siop immediately, in an unconirolled manner, by
activaling an Emargency Sitop, Safety Beam, Pull Cord but not a Safaty Gate.)

Manual Emergency Stop Word 5 bit 7) is trua.

The slatus will mmain  Emergency Stop undil the machine has staried to cycle or a higher
prionty siatus exisis.

No-Comms (1)
{The machine PLC has faded to send any messages within the prescribed time-out (80

saconds). This could mean that a change of statlus or a “Heartbeat’ messape has not been
recaived from the PLC.)

Mo messages from the PLC.
The status will remain Ne-Comms until there is a valid status change from the PLC.

T Cowen
Status 1.DOC
POS Monitoring V1.00
1581 18" March 1998
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PLC Conditions Required to transition into POS Monitoring
Status

Further Explanation of Cycle Type Bits (Word 4)

Dry Cycle

Tha Dry Cycle bit (Word 4 bit 0) is used to indicate that the machine is not perorming a
‘normal’ machine cyck and as there is no par being produced soma of the *nomal’ cycla
elemeants may not ba parformed and thamfors this cycle will not  bo wsed within the avaraga
cycle time calculation. it must ba true during the PLC scan that Cycle End (Word 4 bit 5) is
sof and remain sot for at least ona more PLC scan. A Dry Cycle is used to indicate the typo of
cycle that has boon performad the maching status must bo Cyaling.

Non Continuous Cycle

Tha Non-Continuous bit (W ord 4 bit 1) i= usad to indicata that the maching is not parforming
a normal continuous cycke’. This could be that saveral ‘warm up” cycles are baing performad
or cycles inciude single actions such as cascado spindle starting or & calibration process
within the cycle or any cycle that a fault has baen detacted and tharaiore this cycle will not ba
usad within the average cycla time calculation. It must be true during the PLC scan that Cyele
End {(Word 4 bit 5} is sat and mmain sai for at least one mome PLC scan. A Non-Continuous
Cycle is used o indicate the type of cycle that has bean periormed the machine status must
be Cycling.

Good Productive Cycle

Tha Good Productive Cycle bit (Word 4 bit 2) is usad fo indicate that the machinge cycha just
performed rasultad in good pantis) baing produced. If the machine has no means of detacting
badireject parts then this bit will be sat for each cycle that resuliad in & parn being producad. it
miest ba trua during the PLC scan thal Cycle End (Word 4 bit 5) is sei and remain sef for at
least ona more PLC scan. The combination of Good Productive Cycle and the two word Job
1D {Waords 12 & 13) identifies the number and type of parts that have bean produced.

T Cowen
Siatus_1.0D0OC
POS Monitoring V1.00
1/581 16" March 1994
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PLC Conditions Required to transition into POS Monitoring
Status

Bad Productive Cycle

The Bad Productive Cycle bit (Word 4 bit 3) is used to indicate that the machine cycle just
parformed resulled in bad'mject partis) being producad. If the machine has no means of
detocting badreject parts then this bit will not ba sat for any cycla that resultad in a part baing
produced. it must ba true during the PLC scan that Cycle End (Word 4 bit 5) is sat and
remain sat for at least ona mom PLC scan. The combination of Bad Productive Cycle and
the two word Job ID Words €2 & 13) identifies the number and type of parts that hawa been
produced.

Cycle Start
Tha Cycle Start bit (Word 4 bit 4) is usad internally, by the function block, to start timing a

cycle. it must go true on the activation of the firsl elemant of tha maching's cycle and ramain
true unfil Cycle End (Word 4 bit 5) is sat and remain sat for at least one mor PLC scan.

Cycle End

The Cycle End bit (Word 4 bt 5) is used internally, by tha function block, to fimish timing a
cyck. It mist go tnea on the complation of the last element of the machine’s cycle and ramain
true for at least one mora PLC scan and then will be fakse.

The setting of this bir will inftiate the unsolicired sending of 3 memory map.

Out of Cycle Dress Cycle

The Out of Cycle Dress Cycle bit (Word 4 bit ) is used to indicato that a drossing cycle is
boing parformad outside of tha normal machine cycle. This bil is used so that the dress cycle
can be soparawly timed. The states will remain Cyeling whilst the dmssing cycle is in
progress. The Cycle Start bit (Word 4 bit 4) must ba sot at the being of the dress cyclke and
the Cycle End bit (Word 4 bit 5) sof at the end of the dress cycle. All three bits must remain
sot until ong PLG scan after the Cycle End bit (Word 4 bit 5 is sat.

T Cowen
Status 1.D0OC
POS Monitoring Vioo
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PLC Conditions Required to transition into POS Monitoring
Status

Further Explanation of Status Bits (Word 5)

The setting of any of the bits in Word 5 this will initiate the unsolicited sending of a
memory map.

Blocked

The Blocked bit (Word 5 bil 0 is used fo indicate that the machine has stopped cycling as it
has reached the siep in the cyclk where it is ready to mowe a machined part o the output
station in iz prevented from doing so as thore is a previously machined part still waiting to bo
removed from the output station. Thera is a delay that can be configured to maich the Work
Standard allowablo time for unload. The bit will ba sat all the tima that the delay has alapsed
and that the par iz not cleared from the output station. The cycle timar will ba held all the tima
this bit is trua.

Starved

The Starved bit Word 5 bit 1) is used to indicate that the machine has stopped cycling as i
has machad the step in the machine cycle whem i requires & now part and thera is no new
part available at the input There i a delay that can be configured to match the Work
Standard aflowable ime for load. The bit will be sat all tha tima that the delay has elapsad and
thara is no pari al the load station. The cycle timer will be held all the time this bit is trua.

Empty Aux. Loader

The Empty Auxiliary Loader bit (Word 5 bit 2) is used fo indicaie that the machine has
stopped as it has mached tha stap in the machine cycl whare it requires a new auxiliary part
(bolt, sunrood, cor pheg etc.) and thera is no new auxilizry part availabla. There is a delay that
can be configured to maich the Work Siandard allowable time for awuxiliary part load. The bit
will be sat all the time that the delay has elapsed and there is no pan at the auxiliary load
station. The cycle timer will be held all the time this bit is trua.

Pass-Through Cycle

The Pass-Through Cycle bit {Word 5 bit 3} is sot if the machine has detected that the part
did not need to be machined and the machine has mached it end of cycle ia. this machina is
usad to mount turbo changes and the engine just passad trough the machine is not a turbe
charged engine or it could have been rejpcted by a previous operation that delrmines that
this operation is no longer valid.

Auto

Tha Auwto bit (Word 5 bit 4} is sat when the machine is in Automatic mode ie. Automatic is
salecied. It does not indicate that the maching is cycling or been requasted to cycle.

Request Cycle Start

The Request Cycle Start bit (Word 5 bit 5) is =ot when the machine has boan reguested 1o
start cycling. This could be the pressing of & button or two handed control buttons, the first
time closing of a load gate afier salecting automatic or in some cases where thera is no other
aclion raguired, then this bit could be sot at the same time as tha Auto bit (Word 5 bit 4).

T Cowan Pags 11
Status_1.D0C
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PLC Conditions Required to transition into POS Monitoring
Status

Manual Controlled Stop

Tha Manual Controlled Stop bit Word 5 bit 8) is sot io indicate tha! the machine has
stopped cycling at its end of cycle bacauss it was requesiad 1o do so. The maching was
stopped in a controllad manner and not stopped due o an Emergency Stop or any oiher
unusual stoppage.

Manual Emergency Stop

Tha Manual Emergency Stop bit (Word 4 bit 7) is set if the machine has bean siopped in an
unconirclled manner, by acivating anemargency stop, pullcord eic.

Manual Intervention

The Manual Intervemtion bit (Word 5 bit 8) is sot to indicate that thom is an oparator in
attendanca. it i sat i the machine is placed into manual mode or taken out of automatc
moda a saiety guard is opanad or any ofher such manual action is deteciad.

Tool Change Selected

The Tool Change Selecwed bit (Word 5 bit 9) is 0t when them is an indication that a
toolchange is requested, this may be by push bution reguest to sand the machine inio a tool
change posibon or that a ool change counter has mached its prescribed count and the
machine has automatically gons to the tool change position.

Setup Mode

The Setup Moda bit (Word 5 bit 10) is sai whilst the machine is baing sotup. This could ba
dua to changeover, process change, calibration run etc. It showld remain set until the satup
routine kas completed and any raguired trial piecas have run through the maching.

Bypass

The Bypass bit (Word 5 bit 11) is sot all the time thal tha maching has boon manually
requested to bypass its operations. The machine may be actieg as a fransfar machanism
passing paris thwough the machine or it may be doing nothing at all.

Break

The Break bit {Word 5 bit 12} is set to indicate the fime that the machine is not required fo
cycle as tham is a break parind,

In Fault

The In Fault bit {(Word 5 bit 13} is satwhen a fault is datacted by aithar immediate dataction,
constant monitored zone of ireriock fault, or by a timed out fault, the cycle did not complate
within the prescribed time or the EDDI seguance did not step on within tha prescribad tima. A
test should be mads o answra that the fault code = available bafore the fault bt is sat.

T Cowan Pape 12
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PLC Conditions Required to transition into POS Monitoring
Status

CRM On
Tha CRM On bit (Waord 5 bit 14} is set all the time there is condrol voliage is available.

Heartbeat' Timeout
Thea “Function Block’ sots the Heartbeat Time-out bit (Word 5 bit 15) for at laast one PLC =can
and then reset every 80 sacs i there is no other mason to send a memory map meassage.
This bit is usad to inform the system that tha PLC is in communications. i the Data
Concontrator PC dogs not raceive 2 massage within 90 sacs tha PLC communications will ba
assumed 1o have failad.

Tha ‘Function Block” will keap tha PLC in communications if the Haartbeat timer is configurad

comectly.
T Cowen Paga 13
Status 1.00C
POS Monitoring V100
1/591 16" March 1990
\softfcmpiscmiposh pmon\swpport

97




Maria Brooks P148303

12.8 Appendix 8
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1. Introduction

Significant improvements have been made in machining and assembly produectivity o= a mesult of
gutomatic collection of machine productivity data. Prodoctivity data i a key element in boitleneck
analysis and machine efficiency improvements. POS Monitoring is a key element in overall
strategy for overall data collection.

This Implementation Guide is intended o serve as an aid o OEMs and plant personnel
implementing the POS Monitoring PLC Memory Map standand. In most instances, the memory
map will be impk:mented in conjunction with a standardized v ersion of & logic function block
designed specifically to facilitate POS monitoring, and tailored to the charackeristics of that
particular controller bype.

Users of this guide shoold have access o, and be familiar with the conlents of:

POS Monitoning Proprammable Device Memory Map Specification ¥V 2.0
POS Monitorning PC Based Data Concentrator Data Set Generator Design Specification V2.0

In addition. wsers should have access (o the POS Monitonng PLC Memory Map Fanction Block
documentation related to the specific controller they are inkegrating. These documents anc
available o the Ford Designated Contact via the Visual Factory and Controds Ford Intranet Web
home page.

Development of function blocks Tor additional devices is on-going, If the device yoo ane inferested
in is not listed, please contact persons lisied on the web home page for additional information.

2 Controls Programmer Responsibilifies
POS Monitoring expects the machine control device (o provide theee sets of information

Messape Header Data: Information required by the monitoring system to identify the equipment
being monitored and the source of the data being provided.

Signal Generation: The signal generation layer defines all of the discrete inputs requinzd to
produce the productivity monitoring memory map, Signal generation inputs are derived from the
machine control logic conforming o defimtions in the PLC Memory Map documentation.

Accumulated Data: Using the discoete signals defined in signal generation, the machine contool
system will acoumulate data that is time critical and cannot be processed quickly enough outside of
the machine conirol system,

It is the mesponsibility of the Ford Designaed Contact to define the monitoring requirements for the
equipment to be monitord. For each piece of equipment monitored, the control program prov ider
will provide one full memory map set of data in the comect format. When multiple pieces of
equipment are confrolled by & single machine control system, the foll memory map will be
rpicated for each piece of equipment

mastrmpd dac R LD T - 16-Agnil-1907 Visual Factory & Controls Page 1
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Figure 1 - Data Collection A rehitecture
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Maote:
The Ford Designated Contact in conjunction with the contol’s supplier should complete the
Specific Configuration form (see Appendix B} for cach monilored equipment ilcm

3 POS Monitoring PLC Memaory Map

It is the responsibility of the control program provider to review their control logic and provide the
requined productivity information in the memory map format that follows. Tabde | and Table 2
ilbustrase the POS Monitoring PLC Memory Map.

In an effort to minimize programming effory, alleviate the vanability in mplementation, and 1o
minimize the confusion in interpretation, & family of logic function blocks has been designed thod
assists populating the POS Monitoring Memory Map in a standardized fashion in the machine
controller. Thesse function blocks vary in design according to the capabilities of the machine
controlless they run on, but the approach is comimon across all device types.

Mote:

Shaded arcas in the fables repeesent memory entitics which are either provided by the appropriate
logic function block, or ar net egoired 1o be populaied at this fme. In either case, no oser logic
programming is required for these amas.. (Refer io Appendix C for more detailed definition of the
memory map dita clements)

mastrmpd dioc Rew. (LOLE - 16-April. 1957 Visunl Factory & Controls Page 3
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Table 1 - PL.C Memory Map Words 1-6

Memaory Map| Function | Bit Name Description Data Type
Word
1 Trans: Mo, Transaction Coundar Coanisr rcrmmanisd whon messags ssnt io daia conceniraior ‘Word
2 Faciity 1D Dhain Soweos 1D Unigee [0 assigred by $he plant ‘Word
3 Nessage Type Message Type Message tyos being sent (Sei o 100 for POS MonBorng) Word
4 Cycla Type 0 | Owy Cycl Gyl which doss not produce a part Laiched Bit
1 Nor-Continuous Cyole imtarupied for masons other than biocked, starved or waiting Laichad Bit
2 | Good Producive Cycls Satwhen part producsd al oycls snd is good part oo nod mjscied Lalchsd Bit
3 | Bad Productve Cycle Satwhen part produced al oycls and is rejacied Laiched Bit
4 | Cycle Stari Setwhen first slemant of equipment's opde s actialed Laiched Bit
E | Cycls End Satwhen finad slsment of sguipmanra cycle has compleled Laichad Bit
E | Ot of Cycle, Diess Cycla Satwhenequipmen peroms oul of opde dessing oycle Laiched Bit
7 | Aeservad Bit
B |Reserved =7
8 |Resersad Bt
i0 | Heserved [}
11 | Amserisd it
12 | Aeservad Bit
13 | Reserved i
14 | Reserisd it
16 | Reservad ]
5 Equipmeni 0 | Blocksd Satwhan machine oycle canncd conlinus dus 1o port o dischargs Transi$oral B
Giabus 1 Staread Gatwhen no pan pregeni al inkred, and machine cannol continus Trans%oral Bit
2 | Empty Aux. Loader Seolwhen pars ans not avaleble ol auwiiary part load stafion Transifonal Bt
3 | Pass-Through Cycle Gt when machine perorms no action on pert produced Transifonal Bt
4 |Auo Satwhen machine is in aulomatic mods Transitional S
5 | Asquest Cycls Star Setwhan maching is in aulo mode, and operalce selects “slar Transitional Bt
B | Marual Controli=d Stop Setwhen machine is stopped by opemior (Not Emergenoy Siop) Transifonal it
7 Maraal Emergency Slop Setwihen machine is siopped by opemior wia E-stop or pullcoed Transtonal Bt
B | Marual knviereniion Setwhean personnel e delscled (i=. salely gale, man mode sslect) | Transisonal Bi
2 | Tool Changs Seiechsd Satwhen oparalor has ssisciad ool changs'. m3st when complals Transificral S5
10 | Setup Mods Sstwhen sstup in progmss (changscwsr, proosss changs ) Trans%oral Eit
11 | Bypass Salacied Satwhen bypass mode’ seleciad for this machine Transitonal Bit
12 | Break Setwhen oparator has ssecied beeak mode’ Transtional Bit
13 | in Foult Satwhean machine snlers a foull siae’ Transisioral S
14 | CRM Cn Satwhen fsld povesr i appled lo machines controls Transificea] B
16 | Hearbeal Timeout Seot by PLC whanno - has beean sent for designaled pariod | Transisioral Bt
5] Cipamtor Input 0 | PM Task Complaied Satwhen reguared P ek complsted Transifonal Bt
1 Tool Change Ackrowledged | Sstwhen operator acknowledpes peompl for tool changs Transi$onal B
2 | Quality Check in Progress Satwhean oparator parforming a quality check Transitonal Bt
3 |Assistnce Beouest Type 1 | Opsraior initinisd roues? 1o message display system Transificrs] S5
4 |Asssiancs Regosst Type 2 | Opsrator initialed mguest o message display sy stam Transiforal Bt
5 |Asssnos Regossi Type 3 | Opsrator initlaied regues? o message display sysiem Transifonal Bt
E |Assstnce Aeguest Type £ | Oosraior initialed moues o message display sysiem Transfionsl Si
7 |Assistance Aaguest Type § | Dpsraior initialed mguest in massags display system Transifonal i
B. | Reservad Bit
8. | Aeservad Bit
10 | Resecvad B
11 | Resersmd [=]]
12 | Heservad [}
13 | Reservad Bit
14 | Aeservad Bit
15 | Heservad [T}
T=

Mote:

* Bit 0is assumed to be the least significant bit

* Shaded areas represent data provided by the standard function block. no user input is required

mastrmpd .doc
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= Table 2 - PLC Memory Map Words 7-40

Memaory Function | Bit Name Description Data Type
Map Word
7 Cycls Tims Liasa Gyl Time Oycle Bme of last machine cyck compleied Word
] Cryols Coant HAcoursafated Cycle Time Count | Mumber of oyols times in lost oycke dime wond (5ot 101 § no socem.) | Wond
B Good Cycien Totnd Good Mochine Cyules Mumber of productive machine oycles inwhich all pood parts Word
prodoced
10 Bad Cycles Tolal Bad Machine Cycles Mumber of produciive machine oyckes inwhich soms pars weme bad | 'Word
11 Tainl Cyols Totad Cyclss Total moachins oycies ‘Word
12 Procesa [0 #1 ProosssProduct Configuralion | Plani-assigned cods indicating pariprooess confguration Waord
13 Procesa 1D #2 ProcessPoduct Configuration | Plam-assigned cods indicating pan'proosss condiguration or bype ‘Waord
14 Fauh #1 Faul Coods 'Ward 1 Coos assignad in conjunction with plan) oo os ‘Wond
16 Faush £2 Faull Ciode Ward 2 Cods assigresd in conjunctian with plant {ous deSndion Word
16 Fauh #3 Fauh Cods 'Waord 3 Cods assigned in conjunciion with pliae faek g Srition ‘Wond
7 Beason Code Faason Gode Reason code enemd for et foult (Opesmior inp) ‘Word
18 Waming #1 0 | PLC Bafiesry Bad Siancard warning Transiicnal Bt
1 Tool Lils Meary Expied ‘Saandard warning Transiioral Bit
2 | Gage Anoroaching Bejsct ‘Siandard warning Transitcral Bit
3 | Hydraulic Tani Low Prsssure | Stancard warning Transisonal Bt
4 | Boit Hopper Low Standard waming Transiticral Bt
5 | Low Air Pesssars Sandard warning Transicoal Bt
6 | Hydraulic Fikar Diry Saandard warning Transonal Bt
7 Lo | coww Ll Siandard wamning Transitcaal Bit
8 | Line Sion Siandard waming Transitional Bit
9 | Resaned it
10 | Bosswed it
11 | Ressmwed Bit
12 [P d it
13 | Rlesewed St
14 | Superisor Cal Sinndard warning Transiional Bt
15 | Massnal Call (Low Lerasl) Standard warning Transicnal Bi
13 ‘Waming #2 0 | Gusiom Waming 0 Plam-defnad cuslom wamsng Transitonal B
1 Cusiom Waming 1 Plami-ge fred cusiom waming Transitonal Bt
2 | Gustom Waming 2 Pl Snesd cusiom wamreng Transibiceal Bit
3 | Gustom Waming 3 Plami-gefned cusiom waming Transicnal B
4 | Custom Wamning 4 Plaride fred ouslom waming Transhoral St
5 | Cusiom Waming B Plami-dsfnad cuslom waring Transioral Bit
& | Cussom Waming B Plani-de fined cusiom waming Transitional Bt
7 | Custom Waming 7 Plard-oe fned ousiom waming Transiiceal Bit
8 | Cusiom Waming B Plarmi-gefned cusiom waming Transiicnal Bt
8 | Custom Waming 3 Plani-ds Ened cuslom waming Transhonal Bit
10 | Custom Warming 10 Plartde fred cusiom waring Transitcral Eit
11 | Custom Waming 11 Pl -de fined cusiom waming Transitonal Bt
12 | Cusiom Waming 12 Plani-de fned gusiom waming Transhicnal B
13 | Custom Waming 13 Plarage Ensd ouslom waming Transmcoal Bit
4 | Custom Waming 14 Plari-deEresd cuslom waming Transioral St
15 | Cusfom Waming 15 Plard e fined cusiom waming Transiional Bit
20 Waming #3 Custom Waming Cods Wond 3 | Pl definsd waming cods (4-chaacer 1-9985 ‘Waond
21 PLC Chaousum Program Changs Indicalor 'Word s=twhan PLC program is abssd [V ersion no. or checksum) ‘Word
2 Papsras d ‘Word
0
. -
. -
Al PRanersd Waord
MNole:
* Bit 0is assumed to be the least significant bit
* Shaded arcas represent data provided by the standard function block, no user input is required
muastrmp4 .doc Rew. (LOL] - 16-April-1997 Visual Factory & Controls Page 5
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3.1 PLC Memory Map Function Block

Typically there are three sections within the function block: the Input to the POS Block. the POS
Data Accumulation Block, and the POS Send Logic.

3.1.1 Input to POS Block

Generally, the user is responsible to provide enabling logic for the Input to the POS Block
segment. The Input segment includes all template definitions for memory map words 2, 3, 4, and
5, requiring the wser only to program the enabling logic.

In addition, the user must input parameters for the heartbeat, delay blocked, delay starved, and poll
delay timers (if applicable), and the preset value for cycle count if accumulation is required.

3.1.1.1 Message Header
Several elements are required by POS Monitoring to identify the monitored device, and the

controller that is sending the message. Words 1, 2, and 3 make up the message beader. Word 1 is
the ransaction counter, and is populated automatically by the standard function block.

Note :

The message types will be assigned in blocks for a particular application. POS Monitoring will be
assigned the range 100 - 199. The message type will be used lo incorporate a message version
number, ie. if it becomes necessary to add a new field. the subsequent message will be allocated a
different message type.

3.1.1.2 Signal Generation

Discrete signals required Lo meet the signal generation requirements are generally available within
the machine control logic. These signals provide the POS monitoring system with machine status
information necessary to report machine status and productivity. Words 4, 5. and 6 map the state
of these discrete signals.

Mote:

*  (Cycle Start and End must be set for all eyeles (including *out of cycle dress cycles’, and “dry
cycles’) and are optional for “pass through’ and *bypass’ cycles

* [f the equipment has to either dress or calibrate for each pant produced then the time to perform
these actions will be included in the average cycle time.

* Latched signal will “latch™ and maintain its state until at least one scan after the machine cycle
ends

* Transitional signal emains on as long as the input conditions are met

mastrmpd. doc Fev. 001 - 16-April-1997 Vizunl Factory & Controls Pape &
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* Process conditions may require the use of a delay before setting blocked, starved, or empty aux.
Loader bits. Examples requiring state change delay are: manually loaded /unloaded machines
and gantry fed machines. In these cases, the stale change delay preset must be set by the
controls logic programmer.

* Word 6 - Operator Input is a Ford Production System requirement for Manual operalor entry
devices, and no provision for populating these bits is provided in the standard function block

3.1.1.3 Diagnostics

Diagnostic information is classified in two categories: Machine Faults and Machine Wamings.
The controls programmer is responsible for populating the Fault code words 14, 15, 16, and the
Reason Code word 17 (if required).

3.1.1.3.1 Machine Fault Definition

Every time the machine enters the Fault mode, a primary fault must be established. The primary
fault is latched (may not change value until the fault has been transmitied to the Data Concentrator)
and is present in the same scan in which the fault bit is set. The controls programmer is only
required to apply the fault logic templates in the Input to the POS Block segment of the standard
function block, by supplying the required conditional logic. The function block automatically
latches the data, and detects the fault as a change in the equipment status word, and initiates a
‘send’ message to the data concentrator.

3.1.1.3.2 Machine Fault Location Definition

A unigue location identification code may be used for each sub-unit of a monitored machine, if
present (e.g cach station on a transfer machine or each location on an assembly machine). The
location identification code shall be present al the time the machine fault mode is defined. Where
the machine being monitored does not have sub-units or the fault is not in a sub-unit, the Main
Station code is to be used. Refer to the Specific Configuration form (Appendix A ) for details.

Tahle 3 - Location Codes (Sample |

Station Code Example
Main 100 100
Left Station or Location 20 = Station # Sta. 2L > 202
Right Station or Location 300 + Siation # Sta. 13R = 313
Station or Location (not lefl 400 = Station # Sta. 5 = 405
or right)
mastrmp4.doc Rev. 001 - 16-April-1997 Visual Factory & Controls Page 7
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J.1.1.3.3 Warning Definition

Warnings are non-critical events that may occur while the machine is running or not. The standard
function block does not populate Warning words 18, 19, or 20. However, changes to these words
loaded by any user programs, will be detected by the function block. and will automatically initiate
a POS “send’ message.

Multiple warnings may occur simultaneously. Sixteen “Standard “ warnings are listed in the PLC
Memory Map word 18, Control logic providers who have specific wamnings in addition to those
provided may add additional “custom™ warnings in word 19. Each bit in a waming word represents
a specific waming. If the bit is sel, there is a waming present. Word 200 is a word element for
retrieving a warning code, typically such as that provided by several motion controllers.

Note:
Words 18 and 19 support concurrent warning bits, word 20 does not support concurrent codes

4. POS Function Block

4.1 POS Data Accumulation Block

Words 7.8,9.10, and 11 are derived using the signal generation information. When using a
standard function block, no additional logic programming is required to gencrate this data. The
POS Data Accumulation segment of the standard function block performs the calculation and data
store function.

The user is required to populate the Process/Product Configuration 1D Words 12 and 13.
Typically, word 12 can be coded to indicate the number of parts produced per machine cycle, and
word 13 coded to indicate the part type produced. Configuration of words 12 and 13 in the
memory map are the responsibility of the controls programmer.

Note:

* In cases where network throwghput is exceptionally slow or polling is used, the Ford
Designated Contact may specify use of Cycle Time Accumulation. In this case, the cycle lime
of each cycle is ADDED to the value in the last cycle time word by the function block. The
controls programmer must include provision for configuring the Cycle Count Accumulation
preset value.,

* Counter values are roll counters (. counter that is never resel, retains its value when the
controller stops, counts up to 9998 and is set to 0000 on the next count after 9998).

*  POS monitoring correlates machine cycle time with part (derivative) type. For this reason,
while the function block updates part counters and cycle times, the controls programmer must
also ensure process‘product configuration words for each pant produced remains in the storage
words until at least one scan after the end of machine cycle.

mastrmpd doc Few. 0L0.1 - 16-April-1997 Visual Factory & Controls Page B
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4.7.71 POS Send Block

In the general case; unsolicited messages will be sent 1o a PC data Concentralor which will, in turn
buffer the messages and forward them to the POS Data Collector. However, POS can
accommodate a solicited network environment for those facilities using machine controllers that do
not support unsolicited messaging.

Data Concentrators have the ability 1o communicate with several different programmable device
types concurrently. and forward data to other devices in a standard, device independent format.

The full POS Monitoring memory map will be transmitted to the data concentrator each time a part
is produced or the machine state changes. The standard function block POS Send segment
performs the message buffer and send process. This process is transparent to the user, and in
general, users should not modify the logic within the POS Send segment.

Note:

* Controls programmers must analyze anticipated network mesponse, to properly configure
default poll and message limeout parameters within the standard function block for the
environment they are operating in

* Controls programmers may be required to specify the address of the Unsolicited Write
Instruction Buffer for applications where that buffer location varies according to station
communication [D (refer to the function block documentation for the specific contoller)

4.2 Message Triggers

A new message containing the full memory map is sent by the standard function block. each ome
there is a change in any of:

. Cycle End (Word 4, bit 5)

. Transition Status Words (Words 5 or 6)

. Warning Words (Words 18, 19, 20)

s Fault Reason Code (Word 17)

. Out of Cycle Dress Cycle (Word 4. Bil 6)

These words are monitored each scan and a message sent when a change occurs.

Note: Where Cycle Time Accumulation is specified, a message is not sent on cycle end until the
specified maximum number of parts has been reached.

4.3 Message Buffering

When a change is detected in the memory map, the full memory map must be copied to the wrile
buffer to prevent loss of data. The write buffer is a temporary storage location that serves to:

mastmpd doc Fev: 0L0.1 - 16-April-1997 Visuzl Factory & Controls Page 9
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* Save data from the memory map before it changes
* Hold data to send to the data concentrator if the PLC write instruction is active

*  Provide a base for comparison to the cwrrent memory map (for change detection)

mastrmps doc
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12.9 Appendix 9
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12.12 Appendix 12

Duration
[HHMM-8S) Handover Book Explanation

GL3Z0 04-05-17 0:00 | 13000 |Operation 320.3 needs a new tool magazine, Call shissawn for scaffoiding Seatiding
GL140 27-06-17 1350 | Two 2ir ieaks tound and repalred. | ez
GL140 27-06-17 15:20
GL140 ZE-0E-17 19:44 Watehsog Taut, Proxy cleansd and ganiry reset Cleaning
FL140 26-08-17 2147 Gripper locator damaged. Ganiry lowered Into SPS for replacement. Part Replacad
[ERED] 250617 16:35 |
GL14D 20-08-17 1923 _|AIr iz3k founa and rearsn LA jeak
GL140 30-08-17 5:43 Diown with clamping faul. Suspect part clamp vaive passing. Past ondered IrvestigaZon
GL140 30-08-17 6158 Clamping faul awalting part |Awalting Part
GL140 30-06-17 13:35 Down With clamping faut. Part replaced Part Rzplacad
GLOTS 31-08-17 0:44 || Lube faull Lube manifou ceaned, selzed pans replacsd. Part Rzplaced
GLDET 02-08-17 17:23
GLOES 04-09-17 5:40
GLOES D4-05-17 1745 | Conveyor stop below ncoming gantry convayor nat ralsing In Me aottad time frame. Fart Raplacen
GLOEA 0509-17 2133 (Gripper showing part present afier deposliing biock. Swarl stuck io proxy. Cleaning
GLDES 05-09-17 3126 Lutre f3ult. Lube manitoid ceaned, seized paris replaced. Part Replacsd
ELOES DS-05-17 18:15
GLO7d DE-15-17 2002 Wiatchdog fawt, Proxy cleanad and ganiry reset Clearing
GL110 O7-05-17 17:08 Marposs receiver on 10,4 faulting oul with no signal. Recalver full of coofant and needs replacing. Ganiry down for scaffoiding ereciionScaffoiding
[ DE-15-17 15:02
GLO1S 14-09-17 5:39
GLDET 16-08-17 5:48 Beft snapped on 22 axls Fart Rzplacad
GLOET 16-08-17 10:45 Diamaged Lumburg unit. Replaced with new Fart Replacad
L343 21-09-17 2:00 Pilz unit not glving OK slgnal. Looss cable, replaced and ightened. Resel
GL110 | 21-08-7 11:41 Scaffoiding remaval on 10,4 ScafToiding
GLO7D 21-05-17 1526 Lube faull. Lube maniioid ceaned, seized parts replaced. Fart Rzplaced
GLDES 2141917 2221 Clrcult breaker Tipped. Fecel
GLOES 22-09-17 3:22
GL34D 22-05-17 12:41 2 |Rep Iy fauiting throughout shifl. Temp comp problems, some offsets changed In the program. fie-ieach
GLoTa 26-08-17 0:21 ~ |70 Zantry siowed down due to noise on x-axis. Maintenance must be scheduled in fo repalr. Investigatan
L343 27-08-17 21:46 | Imeestigated reason repeated temp comp faults. Found Incosmect proxy fitted, comect one ordered, awaiting part running in the meantiminvestigation
GL340 D1-10-17 15:48 | Pipe wark abowe the gantry dropped into the path of ihe ganiry masts. Crash situation. Mecharical estabes caled to repalr plpe work.  [Crash
GL3S0-360 | 02-10-17 17.33
GLOET 03-10-17 22:17 [N
GLOED 04-10-17 0:00 Four leaking/damaged preumatic pipes reglaced on EJ gantry. Alr ek
GLDET 05-10-17 6:53 4 |Reiay In electrical cabingt Jammed In. Repiaced Part Rzplaced
GL10D 05-10-17 3:10 | |
G320 | 07-10-17 000 New toolchanger and gearoox needed for 320.2. Ganiry shutdown for scaffolding erection. Seafiiding
GL350-360 | 07-10-17 1308 | :
GL140 08-10-17 310
GL10S 10-10-17 4:24
GL350-350 10-10-17 317 | ¥-axis lzadscrew on 350.1 needs replacing. Ganiry down fo put up scafoiding. Scafoiding
GL3S0-360 | 10-10-17 18:26 |
GL320 11-10-17 0:00 Crash on 320 ganry. Crash
GL320 11-10-17 0:00 12000 jOperation 32001 nesds a replacement y-aus leagscrew. Ganiry shut down o alow for scaffolding ereciion. Scafiniding
GLI0S 14-10-17 542 | Lube tautt Lube manifosd chaaned, slzed pans replaced Part Replaced
GL320 18-10-17 0:00 Operation 320.3 r2quiring 3 new x-ax's lEadscrew. Gantry shuldown as scatoking put up Seafoiding
GL120 18-10-17 10:28 |
GL10S 21-10-17 10:58 Interous cabils damaged. Ordered from storss and replaced. Part Rzplacsd
GL110 21-10-17 1408 | Seaffading nesged o repiace MaTpOSs receiver on operaton 110.1. Scatniding
GLOTD 22-10-17 4142 |70 Gantry . & sk repaired. A iEak
GL10a 22-10-17 1347 | Magazine changs required on 100.5. Gantry down for scaffalding fo be put-u. Scaffniding
GLOEA 22-10-17 18:28
GLO7D 22-10-17 18:50 i
GLOES 22-10-17 21:34 indramat z1 anis drive fauling out with excessive deviation. Checked offsets, adjusted and resat. Reset
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GLOED 23-10-17 8:00 Operation 80.5 requinng a new X-axis leaoscew. Gantry Shuliown 38 SCamoidng put un Scanmding

GLOES 23-10-17 1207

GLOES 23-10-17 13400 Wizichoog Tawt, Prody cieansed and gantry reeet Cieaning

GLOEA 23-10-17 16:09

GLIDS 23-10-17 16:45

GLOEA 24-10-17 316

GLOES 24-10-17 4:59 Faulting out with safefy guard not closed. Safiety relay replaced, Part Raplaced

GL110 24-10-17 B:28 remaval on 1101 Scaffoiding

aLoTa 24-10-17 21:06 Gripper nat shawing open. Diry proxy. Clearing

GL32 25-10-17 0:00 Operation 320.1 needs scalfoiiing removal. Ganiry down fod fhis removal, d

ELOEA 2E-10-17 13:39

GLOEA ZE-10-17 15:16

GLOES 25-10-17 16:08

GLDES 25-10-17 1305 Sercos loop faut, tightened plugs and reset. Fesst

GLOTO 27-10-17 4:27 %-aKis MOtor replaced on 70 ganiry. Part Replacsd

GLOES 27-10-17 5:17

GLOES 27-10-17 7240

GLOTO 25-10-17 §:57 Diamaged prouy orieren and repliaced. Far Replacsn

GLOTO ZE-10-17 11307 Y-axis MOl NasdE feplacing. Gantry ShUldown 10 alow SCIMOKENg 10 be erected. SCanoiding
GL3I50-360 | 2B-10-17 11:35 = remaval on 350.1. Soaffoiding

ELO7D 2E-10-1T 12:29 Temgerature Taut , program aiched up. ganiry restarsd ang hameo. OX Resel

GL320 | 01-11-17 0:00 Scheduled Maintenance. 72 referenced (+1mm) scheduled Malntsnancs

GLOT] Di-11-17 156:48 ; Diown for scheduied mantenance Scheduled Malnienance

EL110 01-11-17 1549 Diam for schedwed maintenance Scheduled Malnienancs

=L120 01-11-17 1649 Scheguled repalr o Z2 mast. Has previously been nvoived In @ crsh, munning on single mast for several monns. 5 Mainienancs

GL13 0i-11-17 15:49 Diovam for schedwed mairienance Scheduled Mainienance
GL350-360 | D1-13-17 16:55 Down for schedwed maintenance cheduled Mainienance

GL120 02-14-17 1216 Dioam for schedued mainienance Malnienance
GL350-360 | 02-11-17 14:08 Dipam for scheduied manienance Scheduled Mainienancs

EL120 02-11-17 17:05 Diown for scheduied martenance Scheduled Malntenance

GL12D 02-11-17 1816 Dipam for scheduied mainenance Scheduled Malnienance
GL3S0-360 | 03-11-17 308 Cadle needs replacing atop 350.2. Celd down for scaffolding. Scafoiding

GL340 D3-11-17 2248

GLI0D D3-11-17 22:53

GL340 D4-11-17 4:43 Ganiry index faults. X-ax5 ra<taught, +2memn at pick up Input conveyar. FRe-tzach

L340 04-11-17 5118 (Ganiry unabie to pick up part. X-auls re-tawghl, +2mm at plok up Input conveyoe. Re-ieach

GLOTO D4-11-17 1346 Major erash on gantry Z2 large amounts of repiacement pans required. Rumning on Z1 anly aim crash

GLOTa DE-11-17 13:19 Four leakingidamagen prewmatc ppes replaced on 70 gantry. A ieak

GL340 08-11-17 5:23

GLIDD 05-11-17 12:20 Magazine change required on 100LE. Gamiry down fof SCIMOlERg o 02 putie. Scamding

GL11a 10-11-17 9:16 New X-axis leadscrew needed on operation 110.3. Ganiry doam for scafolding. |Scaffoiding

GL340 12-11-17 6:53 ;
GLISO-360 | 1241-17 &34 |scal g removal on 3502, Scaffiding

Gleza | 13- oon Conveyor stop rEplaced at ganiry pick p, GaTTY shut down for sanety. Pan Replacea

GL340 13-11-17 3:55  [SRETIIE

GLOGT 13-11-17 5:41 ] Snapped beil on Z ads. Rlepiaced and referenced, Fart Raplaced

GL340 14-11-17 1:55 |8 %-axis drive faulting repeatediy. Remove and repiaced Part Replaced

GLOET 14-11-17 11:40 3

G340 15-11-1T 18:07

GL340 16-11-17 1405

GLOTD 19-11-17 2:05 Furer reparrs to 70 ganiry Z2 afler crash on Q4011017 Crash

L1210 15-11-17 12:19 Protiem with hammonkc arive. Z1 mast Shustown undl pans can be souced and repalrs scheuled. 72 mast running. Investigatan

GL140 15-11-17 13:37 [ i [r i3k foung and repaireg. A ieak

GL110 15-11-17 14:23 Scafiiding removal on 11003 and 191001, Scaffoiding

GL1ZO 21-11-17 915 Alr leak found and repaked. AT ek

GL140 23-11-17 1807 Lube 134l Lube manifond cieaned, selzed pans reglaced. Pan Replacsd

GLIDS 71117 1212 Seafpading remaval Trom 100.5 8100.6 Soamnaing
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12.13 Appendix 13
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