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ABSTRACT

This project details the work done to develop a methodology for process improvement at
AEP Filmpac in Auckland, New Zealand. The company had purchased a process
optimisation software package called Pro-t-con which they intended to use to improve
the operating conditions for each product on each machine in the plant. Eatly use of the
Pro-t-con software produced a number of questions as to its ability to optimise processes
as effectively as expected. Thus research was done to test the effectiveness of the
package and analyse its strengths and weaknesses. The results of this work suggest that
Pro-t-con although very easy to use is limited in its ability to effectively optimise
processes. Statistically it lacks the rigor of Classical and Taguchi design of experiment

methods and cannot resolve processes with interactions or non-linear factors.

At the outset of the project the plant did not possess a system for suitably storing and
retrieving machine set-up information, thus any improvements made to the settings one
day would not be available for use the next time that product was run. Consequently in
order to longitudinally develop process settings it was also necessary to develop a setting

sheet system to support the process improvement initiatives.

The combination of a methodology for continuously improving processes and one for
actually undertaking experiments to exploit such a process produced a coherent 10 step
method for general process improvement This method was used successfully on a variety

of processes at plants in Auckland and Sydney.
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1.0-INTRODUCTION

The flexible packaging industry is very competitive. AEP Industries is the second largest
manufacturer of flexible packaging products in Australasia. In order to compete
effectively in a competitive commodity market it is necessary to not only be better than
the competition in the present, but also be better at getting better for the future. There
are many initiatives that promote the improvement of a company’s competitive

advantage, one of the most important of these is continuous processes improvement .

The management of AEP Filmpac understood this concept and on the recommendation
of AEP Industries International, purchased a process optimisation software tool called
“Pro-t-con”. The intention was to apply Pro-t-con to a variety of Filmpac’s
manufacturing machines in order to identify optimal operating conditions and thus
improve their processes. Pro-t-con came highly recommended by various European
plants within the AEP group where it had made significant improvements to their

processes in terms of throughput and quality.

This work reports on the development of a system to support Pro-t-con and investigates

the suitability and effectiveness of Pro-t-con within AEP Filmpac in Auckland.

1.1 WHY PRO-T-CON?

The Management of AEP Filmpac identified an urgent need to improve the
manufacturing efficiency of their operation. A substantial investment in new equipment
was made during 1997 and 1998, however despite restructuring the company to simplify
aspects of the manufacturing operation, the potential of these new investments was not
realised. A process optimisation software tool called “Pro-t-con” was thus purchased
with the view of applying it to each product on each manufacturing machine to identify
optimal operating conditions. Pro-t-con came highly recommended by various European
plants within the AEP International group where it had helped them to make significant

improvements to their processes in terms of throughput and quality. It was expected that



the software would enhance the competitive position and long term viability of the

company by helping to exploit its machinery constraints more effectively.

GS Technology marketed the Pro-t-con software wotldwide and approached AEP
Filmpac regarding its purchase. Steve Tilly from GS Technology thus visited Filmpac and
gave a demonstration of the software on Machine 9. He spent three days organising and
conducting experiments with 35 micron Palletfast stretch cling film and achieved a
significant improvement in the machine’s output through the study. This confirmed the

value of Pro-t-con for Filmpac and they thus undertook to purchase it.

1.2 AIMS

The aims of this research are to

1) Develop a system for applying PRO-t-CON process optimisation software to the

AEP Filmpac plant.
2) Analyse the performance of the software and system.

3) Make suggestions for the future development of the system and software.

1.3 OBJECTIVES

1) Define the necessary systems and procedures required to achieve a substantial and
permanent improvement in the current machine operating conditions and to enable

continuous improvement to take place

2) Demonstrate, on selected machines, a significant increase in plant output potential

through application of the ideas developed in (1).

3) Demonstrate, on selected machines, the potential of the systems defined in (1) to

reduce variation in machine output and quality.
4) Improve product quality and consistency on the companies’ key products.

The establishment of a system for continuous improvement will help to reduce variation
between runs of the same product and longitudinally develop the company’s variety of
products. This will make it more difficult for competitors to enter such markets and

ensure that as customer expectations rise so too does the company’s ability to satisfy

10




them.

A significant increase in ourput and quality will allow Filmpac to re-cvaluate their
products in terms of thelr competitive dimensions e, cost, dme, quality and flexibility. A
reduction in process variation will enable better planning of resources and make iv casier

to relfably meet custormner demands.

The achievement of the above objectives will help the company to maintain and grow

their competitive advantage over other manufacturers in an aggressive market,

1.4 THESIS STRUCTURE
The Hterature veview follows this secnon and discusses tssues relevant for achieving the
projeet’s aims. A brief methodology secrion tollows to describe the project’s approach

and introduce the three kev areas of work.

1) A 10 step approach to process improvemient,
2 The development of a serttng, sheet system for documenting and saving

machine settings.
3 Ananalvsis of the Pro-t-con sofrware,

The project then comes rogether again for an overall discussion and conclusions.
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1.5 BACKGROUND

ALP Industries N7, Ltd. is a division of AEP Industries Australasia and operates plaats
that produce a wide range of flexible packaging products. Blown film extrusion,
flexographic printing, laminating, and bag converting processes are utilised in these

plants,

1.1.1: COMPANY HISTORY

Alex Harvey Industries (AHI)

Filmpac was started in the eatly 1970°s as part of what was then AHL An amalgamaton
of fledgling plastic film manufacturing companies was put together on a new site in Mt
Wellington, Auckland, to form a powerful new company to take advantage of the
growing demand for flexible packaging. AHI Plastic Film Company was born, flexible
packaging was coming of age and waxcd paper was a thing of the past. The company
very quickly became a producer of a wide range of products centred on bread packaging,
agricultural films, packaging for New Zealand’s primary produce such as meat and butter

and a broad range of industrial packaging products, such as shrink and stretch ching films.

Borden

Through the various mergers and acquisitions that took place, the company grew to be
the largest and most diversified flm manufacturing plant i1 New Zealand, In 1990
Borden, an American based company founded on the food industry, acquired the flexible

packaging division ot what was then Printpac UEB.

AEP

In Jate 1996, ALLP Industries Inc. purchased the worldwide packaging group from a
troubled Borden. Three specialised plants were set-up in New Zealand as separate
divisions.

Filmpac focussed on polyethylene and PVC films for general packaging, The emphasis

was on extrusion with flexographic printing and bag making to support it.

Flexipae specialiscd in printing with strong bag converting capabilities. A small

extrusion operation supported their laminating requirements.

Liquipac specialised in producing a range of pouches for packaging liquids.

12




Similar operations were also set up in Sydney and Melbourne to make up the

Australasian group.

1.1.2: COMPETITORS

The flexible packaging industry in New Zealand is extremely competitive. This is
particularly so in the polyethylene films sector that Filmpac operates in. Due to the
relatively low cost of entry and the flexibility of film manufacturing, printing and bag
converting processes, it is relatively easy for small companies to enter the market. With a
single extruder, printing press and bag machine a wide range of products can easily be

produced.

1.1.3: SALES INITIATIVES

Filmpac has pursued a strategy of being the market leader in many high volume sectors
of the flexible packaging market. In many of these sectors, Filmpac has secured the
business of the market leaders and the secondary suppliers, often with sole supply

contracts.

Many of Filmpac’s customers are subsidiaries of large multinational organisations. As
such, these companies have access to international benchmark pricing. The
“commodification” of packaging in most cases sees it viewed as a pure expense and an
area of focus for companies to cut cost. Over capacity in the flexible packaging industry,
results in most manufacturers being eager to fill this capacity, thus packaging

manufacturers are easily played off against each other by their customers.

1.1.4: COMPANY PERFORMANCE

The following graphs (Figs 1 to 5) show details of the last six years of actual results and a

projection for the year 2000.

Figure 1: Sales Tonnes

13
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Figure 2: Sales Revenue - $000

1994 1995 1996 1997 19498 1948 2000

Figure 3: Capital Expenditure — $000

1994 1995 1998 1897 © {909 2000

Figure 4;: Total Employees

1994 1995 1996 1957 16898 1999 2000

Figure 5: Operating EBIT - $000

1994 1995 1996 1997 1998 1999 2000
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Figure 5 shows a rapid decline in profitability from 1994 to 1997, this was due to
significant increases in raw material costs that were not passed on to customers due to
competitive pressures. The company began to downsize and simplify their business while

aiming to increase the volume of product made.

1.1.5 MACHINERY

Filmpac Auckland is divided into three sections, Extrusion, Printing and Conversion.
The extrusion facility consists of nine machines that vary considerably in their
capabilities. Two of these machines are three layer co-extrusion lines and the capital
spent in 1998 was for the purchase of Machine 1 from Maachi in Italy. This high output
line is used to make much of the company’s bread, form-fill-n-seal and lamination films.
The other seven blown film extruders are mono-layer lines and vary in their use from
high output industrial films to low output lamination films. Low Density, Linear Low
Density and High Density Polyethylenes are used in these machines which are generally
accompanied by a regrinding “Exact” unit for reprocessing trim. Corona treaters are
included in six lines to produce a printable surface on the film. Six lines have Weighbatch
gravimetric dosing systems and much of the pelletised raw materials are distributed to the

machines though a silo system.

The printing facility consists of two high-speed flexographic printing presses (Uteco and
Comexi). The eight colour Uteco press was purchased in 1997 to improve the
performance of the printing facility as the demand for high quality printing increases. A
microdot mounting machine was purchased in 1999 to improve the plate mounting

process.

The conversion facility consists of a variety of machines for making bags, perforating,
slitting and sealing. Two high speed Amplas Wicketers and one old FMC Wicketer are
the backbone of the bread bag manufacturing operation. Two Gunters allow sealing and
perforation of anything from rubbish bags to mattress covers. The slitter enables a wide

extruded roll to be slit into narrower rolls for use in various products.

Scrap product is recycled and reused in a variety of low specification products.
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1.1.6: WORK FORCE

The work force at Filmpac consists of a variety of skill levels, generally extrusion and
conversion operators can be described as unskilled to semi skilled with vatying levels of
experience and ability with their specific machines. It was decided that the present
experienced operators were incapable of running Machine 1 efficiently so a recent
initiative in extrusion has been to employ qualified electricians to operate this new co-
extrusion line and do small electrical jobs,. This has freed up these experienced operators
for other machines and for training the new electrician operators. Printers are trade

qualified, there being two per shift, help is provided by semi skilled print assistants.

The extrusion supervisor manages up to nine operators on an extrusion shift and helps
with machine set-ups and problems. Supervisors have historically been promoted from
good/experienced operators however recently a new supervisor was appointed from
outside the company with no experience in the industry in an effort to broaden the
knowledge base. Conversion is run by team leaders who also operate machines and
Printing is run by the trade qualified team leaders who also run one of the machines. The

plant manager oversees all these.

Because of the continuous nature of the extrusion process the plant must be run 24
hours a day 7 days a week. Filmpac has recently changed from a complicated mixture of
12 and 8-hour shifts to having all production staff on a 12-hour, two days on, two nights
on, four days off shift structure. This requires that there be four shifts in each
department and enables machines to be run more consistently without the need for

significant overtime during busy periods.

1.1.7: WORK ORDER SYSTEM

Jobs are raised by customer service and sales staff in relation to customer requirements.
This information is passed on to the planner who raises a work order and plans the
product for a specific machine. Work order information is retrieved from MFG. Pro, the
company’s accounting system, and a work order developed. Work-orders contain
important information for running a job including end use, product dimensions, material
and specification details. The work-order print system is a “front end” used by operators
and supervisors on the floor for printing out the work orders they are to complete for

the day. The system is easy to use and requires only that the user type in the pending
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work order number.

Runs vary significantly in length but generally the longer the run the better, as set-up
costs become a lower proportion of the total. Often however sales staff promise a
product without consultation with production, this causes an otherwise reasonable job to
be interrupted so that the new one can be done. Consequently production is
characterised by shorter than optimal run lengths and day to day planning. Also as many
products can be made on a variety of the machines and these machines vary in their

output, the time taken to complete an order can vary significantly.

Over one thousand products exist and these are identified by individual item codes. In
many cases products are exactly the same in many dimensions but, for example, a change

in width or roll length will require a new item code.

1.1.8: A TANGLED WEB OF KNOWLEDGE

In the manufacturing area of AEP Filmpac many operators have a note book of settings
and tips for running specific products to help them next time these products are run.
They tend to protect this information, as there is a feeling that it ensures their continued
employment. Anecdotes of operators who have struggled for hours to start up a machine
exist. Occasionally skilled operators are phoned up in the middle of the night to dictate
machine settings over the phone so another shift can get a job going. As there is no
documentation to suggest how the product should be run This produces the situation is
that machines are set differently each time they are run, an obvious special cause that

increases variation in the final product.

Operating staff skill levels are limited, particularly in the area of line optimisation. Staff
training has mostly focussed on the primary job functions of operating machines rather
than on process optimisation and increasing the throughput of the process. Due to
limited formal training and traditional empirical learning styles, the understanding of
process fundamentals and their cause and effects is low. Consequently the settings used
by operators to set up jobs are often far from optimal. No guidelines exist for the
development of these settings and it is up to the operator to set it the way he feels is best.
Depending upon the operator this might mean at a low output and unless the supervisor

realises that the machine is under less than optimal conditions, that is the way it will stay.
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Figure 6: Variation in output between runs of the same product (Machine 9)

Qutput Kg/hr by Thickness for Palietfast (MC 9)

200

180

160 T

140 1

[

-

120 +—

RaE I -

100 4

80

60 F

40

20F

Thickness

Figure 6 shows a wortving problem with the output from Machine 9. 1t can be seen from
the graph that production rates vary from 80kg/hr. to 170 kg/hr. Machine 9, unlike all
other machines in the plant, runs only one type of product (Palletfast stretch cling film
(SCI)) and should thetefore be relatively stable in 1ts output, The variation in actual
machine output seen above is likely to be due to 2 number of factors including: machine
settings, operator ability, running problems, job changes and probably also reporting
errors. This variadon makes it very difficult to plan how long each job will take, to
estimate the cost of the job and to guarantee the quality of the product. Such things
frusttate customers, the planning department and the operators themselves as the
decisions based on this poor information produce inaccurate plans, frequent job changes,

poor quality and missed deliveries,

Such factors contribuse against Filmpac’s new machinery reaching its full potential.
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2.0-LITERATURE REVIEW

2.1 RESEARCH STRATEGY

The tasks detailed in the research aims suggest a variety of areas to discuss within this

literature review. These are

1) The factors that influence the success of process improvement projects in

industry.
2) The different methods for process improvement in industry.
3) The tools available for process optimisation and experimentation in industry.

4) Methods for objective analysis of the Pro-t-con software/method and the process

improvement system developed in 2 above.

The crux of areas one and two was to review papers that made suggestions for improving
manufacturing processes, implementing process change, developing systems for process
maintenance, the effect such change has on manufacturing staff and how to get their
support. All to enable the development of a suitable system for applying Pro-t-con at
Filmpac.

Area three involved a discussion of the options available to industry for experimentation
and optimisation of their machinery and an analysis of how these options fit into a
process of continuous improvement. The focus was on the usability of these techniques,
the information they gave and the number of experiments necessary to get this

information.

Many authors suggest that a thorough knowledge of the system to be improved is

essential to experimental efforts, therefore research into the blown film extrusion process

was also undertaken.

When aiming to improve a process or system it is important to be able to measure its
performance before and after the work. Consequently research was done into methods

for measuring the effect of such an initiative on the company.
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2.2 IMPLEMENTATION OF PROCESS IMPROVEMENT INITIATIVES.
Consistent factors in businesses include; [Statistical Methods for Qualiry, 1997)
1} There are customers.
2) The value chain consists of interconnected processes.
3) Improving the value chain processes is fundamental to being competitive.

The International Quality Study of Management Practices, having examined many
different management practices, found only three to have universal benefit across all the
mdustries studied. [Mahlen, 1993] These were:

1) Widespread deployment of the organisation’s strategic plan.

2) The use of formal programs for supplier certification.

3) The use of process improvement practices,

Since this project is interested 1o the development and application of a process
improvement strategy within AEP Filmpac, research into the factors that influcnce the

success of such initatives in manufacturing plants was deemed necessary.
Some of the most poignant comments from the reviewed articles are presented below.,
“Top management support affected implementation results” [Sanchez, 1996]

“The existence of a champion to defend the project increases the probability of success”

[{Sanchez, 1996]]

“Training reduces resistance to change and makes workers better prepared to solve problems
that arise, ...those firms that Invested more training hours per worker achieved a higher

increase in production flexibility. " [{Sanchez, 1996f]

“... it Is very brportant to promote early worker participation during automation because
opposition fo technological change reduces productivity and can jeopardise the new
technology. Worker opposition to automation disappears when the workers who are affected

by the automation are consulted or bought into the process before hand”. [Sanchez, 1996/

“Focus, accountability, involvement and response to performance are key to getting staff fo

buy info a project that affects them. What gets measured gets done.” [Brooks, 1995]

“The new line jobs are direct labour plus a variety of indirect duties... data recording, data

analysis and problem solving.” [Schonberger, 1956]
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“Consider the change in self-concept when an operator who has always just chunked out
parts takes on data recording duties. Recording disturbances is what managers and
technicians have always done. The operator thinks; maybe I am now a part of the

management and technical operation of this place.” [Schonberger, 1956]

“The most successful programs put the responsibility and leadership in the hands of the
machine operators. The results are as follows: Machine set-up is transformed from skilled to
unskilled work; the set-up persons value shifts from manual skills to mental and problem

solving skitls.” [Schorberger, 1986]

“ds organisations adape to SPC, as well as other changes, they will encounter the natural
resistance to change of management and non-management personnel. Organisations with a
fong-term perspective will have a better chance of overcoming this resistance” [Keyps and

Reding, 1992]

“Using shop floor data coflecrion to moniror production and improve planning can result in
significant reductions in fead times and work in progress. For more fundamental gains, the
task for manufacturing managers is (o make improvements in the production process itself -
cuteing out stages, making machines more efficient or reducing the time it iakes 10 swirch the
fine from one product 1o ancther being obvious examples. Receat research by Cusiom Micro
Products suggests that using shop floor data collection can help in the effort. Accurate

information from the shop floor is the base of successful process improvement”. [Anon, 1999/

A major 1ssue that appeared in the reviewed articles was that support from the people
who were to be most affected by the change had to be gained carly. Authors differed in
their approach to eaming this support, this 1s likelv to be due to the ditfering
covironments such studies were done in. They did however agree that tratning in the new
way and javolvement w its desien were erttical to successful change. Support from upper
management and the esistence of a project champion to defend the project were
constdered  extremely important. These concepts are supported by the suppliers’
recommendations for the introduction of Pro-t-con and are known by themn as the “Pro-

t-con Culture Change”. [Lo 1999)

[t was clear from the outset that the major barriers to implementation of a process
improvement system at Filmpac were likely to be of a people and organisational nature.
Conscquently emplovee involvement and participation in the optimisation and data

collection sides of the project were deemed essential Thus the devclopment of 2
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comprehensive system for collecting and analysing data was an eatly focus. The model
proposed by Upton 1998b was helpful in this regard. The Pro-t-con user manual details
useful suggestions for encouraging the Pro-t-con culture change and recommends the

following ingredients as essential for success of Pro-t-con endeavours. [Lo 1999]

- The process is capable of achieving each target on its own or achieving

some targets in groups
- Approval and commitment from Management

- A Project Team Approach, involving planning, operating & QC

personnel
- Detail planning of timing, target setting, resource- people & equipment
- Adequate resources available for Study
- Basic knowledge of process set-up
- Equipment and process in standard running conditions (Very Important)
- Accurate gauges and instrumentation for data collection
- Well defined quality standards
- Good collection of derivative values for process confirmation
- Carefully conducted trial
- Carefully conducted validation trial
- A report and recommendation for further improvements

Practical considerations relevant to the AEP Filmpac plant were the most important
factors in the design of an approach to using Pro-t-con for process improvement there.
However the suggestions detailed above and found throughout the articles were used

heavily in guiding the design. This is covered in further detail in section 3
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2.3 PROCESS IMPROVEMENT METHODOLOGIES

In order to design a methodology for applying Pro-t-con to the manufacturing plant at
AEP Filmpac it is important to understand some of the methods proposed and used by
others for process improvement. Authors present process improvement systems that
vary in their level of discussion from the management of an overall continuous
improvement culture to the actual process of experimentation. Most approaches however

involve planning, analysis, design and implementation phases for obvious reasons.

Many of those proposed utilise various tools or techniques such as Design of
Experiments (DoE), Statistical Process Control (SPC), Quality Function Deployment
(QFD) or fish bone diagrams. However they often ignore the fact that scientific
knowledge development is basically an iterative learning process where each study builds
upon the knowledge of those that went before. It helps to view the process of
improvement in terms of knowledge development and therefore follow such a

progression in this type of work.

2.3.1: EIGHT STAGES OF KNOWLEDGE

Barnes 1997b discusses eight stages of knowledge that a company may go through in
understanding their processes and uses a case study on Nabisco biscuits to illustrate

them. The stages are

1. Complete Ignorance. No knowledge of the variables that affect the response and one
considers all variation to be random. May not even know how to measure the response
itself.

2. Awareness. Begin to build a list of the factors that one believes could affect the

process. (e.g. ingredients, baking time, weather etc)

3. Learn to Measure Key Variables. Begin to measure the variables that one thinks
may affect the response. (e.g. time baking using a watch, measure ingredients using cups,

count the number of strokes used in mixing etc.)

4. Control the Mean. Knowing how to measure the key variables it follows that one will
attempt to control them in order to control the response. E.g. have a countdown timer to

tell you when to take the cookies out of the oven, standardise measuring cup size etc.
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5. Process Capability and a Recipe. Work on reducing the variation in key variables
and document a process that gives reasonable tesults ie. write down a recipe and

maintain control of all the variables. Cookies should then become more consistent.

6. Process Characterisation, Conduct a series of experiments to discover how certain
variables affect the response so that if a customer wants a sweeter or 2 lower fat cookie

one knows which variables to change.

7. Know Why. Develop knowledge of the interactions between input vartables and the
response as well as the strength and direcuon of these reladonships. Baild a model of the
process to predict whar effect changes in certain variables will have on the cookie. E.g.

vou know how much less sugar to put in for the desired reduction in cookie sweetness.

8. Complete Knowledge. Since there are infinite secondary variables it is impossible to
have perfect knowledge of a process. It 18 however practical to say that one has reached
stage eight when you have a model which will predict output characreristics to 10% of

the tolerance band for changes in inputs across a 2:1 range, including all interactions.

The 8 stages of knowledge development detailed above suggest a stepwise process of
improvement in them self. Tt may theoretically be possible to skip stages 4 and 5 in a rush
to know why a procéss behaves as it does. However without instilling the disciplines
involved n these middle stages it is easy for the developed knowledge to be lost, and for
the process fall back to stage 3. The total approach described above ensures that

tmprovements that are made to the process are maintained over the long term.

2320 ASEVEN STEP AMETHOD OF PROCESS INPROVEMENT

An example of an improvement methodology presented by Brydone et al [Statistieal

Methods for Quality, 1997) is the following 7 Step Method of Process Improvement

1) Define Project.

[N}
e

Detine current situation — (flowcharts, focus groups).
3} Analyse the causes ~ (fish bone diagrams, data collection).
4) Determine possible solutions and implement them.

3) Measure results.
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6) Make sure any improvements are ongoing — (SPC, documentation).
7) The future, can more improvements be made?

This is a general method that resembles the Plan Do Check Act (PDCA) cycle. It could
be used at any of the 8 stages of knowledge detailed above however it is most suited to
knowledge development at stages 5,6 and 7. It adds to the 8 stages of knowledge by
asking whether further improvements can be made and thus turns back upon itself to

form a loop that encourages continuous improvement.

2.3.3: UPTON’S 4 LEVELS OF INVOLVEMENT

Upton 1998b, describes process improvement in terms of 4 levels of involvement, these

are discussed below with the inclusion of a preliminary step, level 0.

Level 0. Establish Process Measurement Methods and Document the Process.

This step involves recording information on the process settings and outputs and is
important for analysing where the process is and what variation is present in it. This is
the beginning of process knowledge and takes it up to level 3 of the 8 stages detailed by

Barnes i.e. learn to measure key variables.

Level 1. Reposition the Process in a Local Region

The information recorded on process settings can be used to establish the present
operating envelope. From this a stable operating point can be developed using a best
guess method or an optimisation package such as Pro-t-con. The best settings are then
fixed in place and reduced variation within the process due to changes in operating
conditions should be experienced. The performance of the previous best settings should
now be the average. This extends process knowledge to level 4 or 5 of the 8 stages of

knowledge, lifting the average performance of the process and reducing its variation.

Level 2. Explore and Pursue the Boundary of the Existing Process

Conduct experiments to gain an understanding of the greater processing region and
explore its boundary. Use this information to help optimise the process for its current
configuration. Pro-t-con, Design of Experiments etc. are useful for this. This is known as

the exploitation of a constraint [Goldratt 1992] and involves development of process
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knowledge up to level 8.

Level 3. Reconfigure the Process to Elevate or Break Constraints.

In exploring the process boundary a constraint or constraints are often discovered to be
keeping the process from better performance. In order to improve the process further it
1s necessary to break these constraints. This is known as the elevation of a constraint
[Goldratt 1992] and involves developing new knowledge of the elevated process

boundary.

Level 4. New Process/Radical Redesign.

At some point it may be decided that the process is not capable of performing as
required no matter how much work is donc o it 1t is necessary then to aceess a superior
boundary through a radical redestgn of the old process or through the purchase of a new

one. The process of knowledge development therefore begins again.

This 13 a powerful framework for process improvement as it encourages companics to
iteratrvely learn about their processes and utilises the well regarded Theory of Constraints
(TOC) concepts [Goldrart 19921 in levels 2, 3 and 4, 1t 15 usefuf for management decision
making by helping them to understand the different levels at which an improvement
project could be approached. Management’s deciston making process may pose the

following questions.

1) Has the limit of what the process can achieve through experimentation

been reached? Has it been exploited fully?

2) How may the process be reconfigured to access a new performance

boundary?

3) Is it possible to develop a new process to achieve the same task more

etfectively?

The danger 15 in either abandoning a process which bolds significant potential for
exploitation or 1n fighting too long to improve an existing process that has no further
capability. A balanced apptoach is neecessaty to ensure the right decisions are made in a

timely fashion,

The above levels are presented graphically in figure 7.
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Figure 7 was adapted from Upton 1998b and was very helpful in conceptualising the

methodology for process improvement at Filmpac

Figure 7: Upton’s Levels of Process Improvement
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234 FLOW CHARTS FOR PROCESS IMPROVEMENT AND PROBLEM SOLVING
Adapted From Hoerl and Snee 1995 [Statistcal Methods for Quality, 1997)

The Flow Charts in figures 8 and 9 are typical of the process improvement and problem

solving strategics used in practice. They work well because they
1) Emphasise work as a process,

2) Separate the two steps to reducing process vasiation i.e. the elimination of special

i causc variation and the analysis of common cause vanation.
3) Promote a cycle of constant Jearning.

4} Incorporate the principles of the PDCA Cycle,
Figure 8: A 7 stage Flow Chart for Problem Solving
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Figure 9: An 8 Stage Method for Process Improvement
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The suggestion of tools to use at each stage is a useful element of the two methods.
Although the problem solving flow chart in fig 8 suggests a cyclical method of constant
learning the process improvement method in fig 9 seems to omit this important element.
Fig 9 also fails to explicitly encourage the maintenance of improved process settings
deemed necessary by Barnes. However the cyclicity and process maintenance of the

problem solving method and the focus on data and analysis of the process variation in
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the process improvement method combine to suggest a strong and useful overal] process

improvement method.

23.5: GOLDRATTS FIVE STEPS
Goldratts five steps for process improvement Goldratt 1992
1) Identfy the constraint,
2} Exploit the constraint.
3) Subortdinate resources to the constraint.
4y Elevate or break the constraint,
5) Go back to step one but don’t allow inertia to cause anothet constraint.

Goldrares five steps concentrate attention on the factors that are constraining a process
from better performance, Goldratr, then, provides less of a detailed method than others,
suggesting a similar type of guiding approach to that of Upton and recommending that
process improvement should begin by exploiting constraints e, the process should be
“optimised”. However it also acknowledges that it may not be possible to achieve the
desired results without breaking (elevaung) the constraint altogether. It suggests a cyclical
approach that encourages continuous improvement but does not suggest specific tools to
use in defining, explotting ot clevatng constraints. Bames’s 8 stages of knowledge and
the other experimental methods such as proposed by Pro-t-con, Taguchi and Hoerl and
Snce fit into the first 3 steps of Goldratts 5 steps above, as methods which enable the

exploitaton of constraints.

2.3.6: PRO-T-CON METHODOLOGY.
The suggested Pro-t-con process optimisaton method is as follows.

1) Brainstorm with operators, technical etc to develop a process recording sheet that
includes all factors and responses Le. all inputs and important outputs from the

process.

2) Develop process measurement methods e.g. 1-3 nominal scale.




3) Conduct experiments and record data from the process.

4) Enter the experimental running conditions and their quality/output characteristics

into Pro-t-con.

5) Define variables as controllers, derivatives (co-variates) and resultants in Pro-t-

con.

6) Define the targets of the optimisation study including their order of priority in

Pro-t-con.

7) The software performs the optimisation and gives the optimal settings and

expected results.

8) Perform a confirmatory run to check that the optimal settings achieve the

expected results.

The method revolves around the Pro-t-con software and its capabilities, the end result
being a setting sheet to run the machine to in the future. It is a very simple methodology
that is applicable wherever the development of a set of “optimal” settings is being
attempted. In terms of the 8 stages of knowledge it, using the software, involves
development of knowledge up to stages 6 and 7 but could also be used for development

of a recipe at stage 4. This is discussed in further detail next in sub section 2.4.

2.3.7: TAGUCHI 8 STAGE PROCESS

Taguchi proposes a method for process improvement that focuses on first reducing
process variation (making the process more precise) and second making the process
more accurate. This is due to the emphasis on the cost to society of variation suggested

by Taguchi’s loss function.

Taguchi 8 stage process improvement methodology. Antony et al. 1999a
1) Set Objectives.
2) Select quality characteristic or response.
3) Identify control, noise and signal factors.

4) Choose an orthogonal array design.
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5) Prepare experiments,
0) Run experiments.

Statistical analysis and interpretation of results.

=1
e

8) Perform a confirmation run.

This methodology is specific to Taguchi but similar 10 those suggested by Barnes and
Antony and compates well with the methodology recommended by Pro-t-con above. It
1s involved with the process of knowledge development at levels 6 to 8 and fits into the
previous methodologies wherever experimentation is necessary. A varicty of tools exist
for knowledge development through experimentation and these are discussed in detall in

sub section 2.4,

2.3.8 SUMALARY

The methods discussed above suggest that the following aspects of process improvement

arc important for the design of a method for implementing Pro-t-con at Filmpac.

1) Emphasise  process improvement as  a  knowledge creation  and
development process.

2) Process improvement initiatives should include stages that ensure

improvements are ongotng, i.c. include maintenance stages that involve

process documentation and measurement.

3} An jterative approach to process improvement Promotres a continuous
search for improvement opportunities,

4} Begin process improvement initatives by opdmising/exploiting the
CULTCHt PLroCess.

5) Consider process redesign and constraint breaking exercises only when
sure that the process s incapable of achieving the necessary performance

in its current configuration.

32



2.4 STATISTICAL TECHNIQUES FOR PROCESS OPTIMISATION

A major element of the methods described above was the use of statistical methods to
aid in the process improvement initiatives. Research into techniques such as Classical,
Taguchi and Shainin Design of Experiments, Statistical Process Control, and Response
Surface Methodologies has thus been conducted to help compare these methods with
Pro-t-con. This research will enable a fuller understanding of the options and approaches
available to experimenters and help in the design of experiments so that they may be
compared. Analysis of the way in which improvements were demonstrated due to the

reviewed articles will suggest methods to employ for a similar task at Filmpac.

A normal approach to a process optimisation project might be to use Design of
Experiment (DoE) techniques in order to help understand and optimise processes. A few

descriptive quotes are presented below.

*  “Experimental design involves making purposeful changes to the inputs or factors of a
process to observe the corresponding changes in outputs or responses. A process is
defined as some combination of machines, materials, people, environment and
measurement which when used together perform a service, produce a product, or
complete a task. Experimental design is a scientific approach which allows the researcher

to better understand a process and determine how the inputs affect the response.’

[Barnes 1997b].

*  “The Classical tools start with fractional factorials and end with evolutionary
optimisation (EVOP). The Taguchi methods use orthogonal arrays (inner and outer) in
“tolerance design,” employing analysis of variance and signal to noise for statistical
evaluation... All three approaches (Shainin methods included) are far superior to
conventional SPC, which attempts to solve chronic problems by means of control charts-
a total waste of time. All three approaches are also far superior to old fashioned
experiments, taught in universities and widely practised by engineers in which one
variable at a time is varied, with all other variables kept rigidly constant. Besides the
inordinate amount of time necessary for such experimentation, the central experimental
weakness of this approach is the chronic inability to separate main effects from

interaction effects.” [Bhote, 1991]

*  “DoE required that we interrupt production on the machine involved in the experiment
for a lengthy period. A typical experiment involves a matrix with 12 different set-ups,

each of which required changing seven different parameters. It could easily take several

33



*

days to run this experiment to conclusion. The level of guesswork and up-front planning

also made it difficult to justify continued use of DoE.” [Litsikas, 1995]

Because Sequential Process Optimisation (SP(O) {the software that Arrow Molded
plastics chose to use) works in process and doesn’t require machine down time, Arrow
Plastics scheduling department is also pleased. Jobs don't have to be interrupted: thus
the company can realise the productivity and costs savings of tooling a mold once,

instead of several times.” [Litsikas, 1995].

“Pro-t-con is applicable to any continuous process as “every process is only a
combination of process variables influencing a combination of product variables”.
Providing you can measure variables, it is possible (o establish the relationship between

them and optimise the process with the Pro-t-con technigue”. [Lo, 1999]

“d modelling system for all types of plastics processing uses actual production data fo
optimise parameter settings. . .Profcon calculates relationships between a large number of
variables, in order to show if and how the process can be controlled. One expert who has
“1est driven” the package says it could have “profound significance” in process
modelling. The program will calculate the importance of given machine parameters on

given part parameters " [Mapelsion, 1994].

“Every process, no matter how well controlled, still has opportunities for improvement by
a Pro-t-con Study. The improvements could be in output, better quality and better

knowledge of the process for engineering improvements.” [Lo, 1999/

“dnother less widely acknowledged method of process optimisation, known as response
surface methodology, is endorsed by many statisticians as a technique for modelling
complex manufacturing processes with a minimal number of experiments,” [Brinkley,

1993/

A fundamental paradigm of Pro-t-con is that “every process is only a combination of

process variables influencing a combination of product variables "{Lo 1999]. So providing

inputs and outputs can be measured, the process can be optimised. A vatiery of other

methods for discovering the effects of a processes inputs on its outputs exist and these

include Doli, RSM, Taguchi and Shainin techniques. However some of the people

involved 1n the articles quoted above seem to have had problems using these methods as

they can require a significant knowledge of statistics, 2 large number of experiments and

often interruptions to production. The suggeston is that Pro-t-con does not suffer from



such problems and is thus more easily used in an industrial setting. These issues shall be

discussed further, during this section.

2.4.1: CLASSICAL DESIGN OF EXPERIMENTS (DOE)

“Classical experimental design is a scientific approach which helps the researcher to

determine how the inputs affect the response”. [Barnes 1997b]

Two level factorial experimental designs involve analysing k factors in n observations
with each factor at two levels. This is a useful technique for analysing a process for its
factor effects and allows the provision of independent (orthogonal) assessments of the
effects of each factor under study as well as the interactions between factors. The
number of experiments or treatment combinations necessary (t)) for a two level factorial
experiment is t. = 2" so for four factors it is necessary to do 2* = 16 experiments. This
number can be reduced through fractionalisation of the design but this comes at the
expense of the information about interactions between factors. The above equation then
becomes t, = 27 where p is the fractionalisation element so 2*' = 8 experiments could
be done if the effect of the four way interaction was not deemed important. DoE is
designed so that the analysis is more powerful in terms of the ratio of number of
experiments necessary and the information resulting from these experiments than from a
"non-designed" data set. The Plackett Burman screening experiment is designed to give a
processes single factor effects with the minimum number of experiments. It is often used
for reducing a large number of variables down to a smaller number of important ones for
more in depth analysis. It ignores interaction and non-linear effects and is thus

questionable in terms of its predicative value.

DoE work is often supported by statistical data analysis that may involve model building
by regression, Analysis of Variance (ANOVA) and further in depth analysis of the

important factors and their interactions/non linearity’s.

Many books exist on the topic of experimental design, however the major text consulted
in this review was an accumulation of knowledge from many of these into a set of course
notes for Industrial Analysis Techniques 1997, a paper provided by Massey University
Department of Production Technology. This text covered a variety of the options

available to experimenters.
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A number of papers were reviewed that also discussed DoE. Antony [3] discussed a
serics of suggestions for making industrial expesirents more successful that compate
well with those found in Barnes [4,5]. Brinkley [9] presents a case study on the
combination of DoE and SPC for improved quality discussing the option of Response
Surface modelling for process opumisation, another important option available to
industry. Litsikas [25] presents a short article discussing the reasons that Arrow Molded
Plastics dumped DoE for another methodology called Sequential Process Optimisation
(SPO). The suggestion was that SPO was mote user fricadly than Dol as it required less
mnterruptions to production and was easier to implement. She lists the bencfits of SPO
over Dol as 1) Significantly reduced machine down time, 2) Facilirates reaching optimal
combinations, 3} Last minute changes not as overwhelming, 4} Reduced scrap and 5)
Verification of theorics and opinions. This is similar to what the Pro-t-con operations
manual suggests are Pro-t-cons benefits over Dol Unfortunately no further information

was found about SPQ.

The power of DoE to develop information and knowledge about processes 1s seldom
questioned. It is howcever often seen as difficult to implement, as it requires significant
prior planning and can involve a large number of experiments. It is generally for the usc
of capable engineers, statisticians and scientists and requires significant traiming in its

application.

2.4.2: RESPONSE SURFACE METHODOLOGY (RS

Response surface techniques are special cases of the previously discussed Dol methods
and are used when curvature is suspected in the response. The objective is to provide
empirical contour diagrams of how factors under the control of the experimenter
influence the response. They give more information about the effect of factors on the
response and consequently require significantly mote experiments. The main options
available are Three Level, Central Compositc and Box Behnken Designs{Barnes, 1997b].
Because RSM rechniques require so many expetiments they are usually underraken with a
small number of variables i.e. when it is known which variables are significant and the

interest is in a fuller understanding of how they affect the response.

Brinkley 1993 discusses the combination of Response Surface Methodology, Taguchi,
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DoE and SPC for improving quality. The primary goal of the study was to longitudinally
minimise defect levels and variation. He discussed a methodology that involved the
design of central composite and three level experiments to allow linear and non-linear
effects to be estimated. Response surfaces were constructed and constrained
optimisation was performed using GAMS-MINOS non-linear optimisation software to
determine the optimal factor settings for implementation on the shop floor.

Confirmation experiments were performed to verify the solution.

Because RSM techniques give so much information about the relationship between
important factors and the response they are useful for optimisation and help in setting
factors to achieve specific targets. They do however, like DoE, require the user to have a

strong statistical background.

2.4.3: TAGUCHI METHODS

Taguchi methods are an important part of the history of experimental design and are as

much a quality philosophy as a quiver of tools to use for process improvement.

Taguchi advocates a two stage process for process optimisation that aims to reduce
response variation and set the response mean. Firstly the factors that significantly affect
the Signal to Noise Ratio (SNR) should be identified using a suitable combination of
inner and outer orthogonal arrays and setting all factors that affect the SNR to the levels
where the process has the lowest SNR. This reduces variation in the performance
characteristic prior to shifting the mean to the desired target. The next stage is to select
an adjustment factor that has little effect on the SNR but a large effect on the response
mean and use this to shift the mean to the desired target. So first the process is made
more precise and then more accurate. This methodology is discussed by Barnes 1997b

and used by Antony et al. 1999a.

Barnes 1997a gives a comparison between Taguchi and DoE his conclusions are that.
1). Taguchi’s design matrix is a special case of a DoE matrix.

2) Taguchi methods stress simplicity and are thus attractive to engineers.

3) Taguchi is often a good way to get started but for complex problems full use of DoE
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1s recommended.

4) Taguchi is considered to be 60 to 80% effective whereas classical DoLE with Response

Surface Methodology techniques ate believed to be 80 to 100% effective,

5) Optimisation 15 done with an iterative approach in DoE wheteas a truc optimum is

not really found with Taguchi.

Antony et al 1999a discusses the background, methodology and tesults observed using
Doli and Taguchi Methods in an industrial setting. The aim being to identify criucal
factors affecting process variability and mean and to use this information 0 minimise
process variability whilst achieving the desired mean. They detail an eight step Taguchi
process which was discussed previously. Using this methodology their process capability
(Cpk value) was improved from 0.534 to 1.69, ciearly showing a significant improvement
in the processes ability to reliably produce to specification. Using Taguchi’s loss function
analysis the cstimated potential annual savings to the company duc to the above
improvement was £, 75000 through improved customer satisfaction, better reputation,

recduced complaints and a greater market share.

2ebd SHAININ METHODS

Bhote 1991 begins by discussing the strengths and weaknesses of Classical and Taguchi
Dol against the methods used by Dorian Shainin. The suggestion is that although the
classical and Taguchi methods of Dol are significandy better than “one factor at a time”
experiments for understanding processes, the Shainin techniques are casier and more
powerful than either. The main rcason for this is that in order to analyse processes for a
large number of factors with a reasonable number of experiments the experimental
designs must be fractionalised and thus ignore posstbly important interactions. A paper
written by Shainin is included in appendix A and relates a case study about the danger of
analysing processes with interactions using experimental designs that are not able to
analvse for them. The conclusion being that this can produce misleading and spurious

results.

He then presents and discusses seven techniques used by Dotian Shainin {i.c. Muld-Varti
charts, components scarch, paired comparisons, variables search, full factorials, scatter

plots and pre-control) for process improvement and analysis. And proposes that these
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are easier to learn, cheaper, quicker, less complex, more statistically valid and more

versatile than Classical and Taguchi DoE methods. He presents the following table.

Table 1: A Comparison of Classical, Taguchi and Shainin Methods for DoE

Characteristic Classical Taguchi Shainin
Fractional factorials Orthogonal Arrays Multi-vari components search
Principal EVOP Paired comparisons, variables
o search, full factorials, B vs. C.
Techniques
Scatter plots
Good in the absence of | Good in the absence of interactions (20 to | Extremely powerful regardless
interactions (20 to 200% | 100% improvement) of interactions (100 to 1000%
improvement) . . o improvement likely)
Very poor if interactions are present (minimal
Effectiveness Poor if interactions are | gains; retrogression likely) Retrogression rare.
present  (small  gains; . . ; ooy
Very limited optimisation Maximum optimisation.
retrogression possible)
Limited optimisation
Moderate Moderate, if no interactions (8 to 36 | Low
. experiments for inner array alone) .
(8 to 50 experiments) (3 to 30 experiments)
Cost/Time High if interactions present (several trials of
same experiment; 64 to over 300 experiments
for inner and outer arrays combined).
Moderate High Low
ANOVA required Inner and outer arrays multiplied Mathematics ~ embarrassingly
Complexity . . simple
3 to 5 days of training S/N and ANOVA required
. 1 to 2 days training.
3 to 10 days of training.
Low Poor High
Saturated  designs, with | Highly saturated designs, with extreme | Clear separation of main and all
confounding of main and | confounding of main and interaction effects. low and high order interactions.
interaction effects < .
Statistical S/N only effective if ratio of mean to standard
deviation is constant
Validity
The objective to make a design robust against
noise factors is worthy, but the means to
achieve this are poor.
Nonrandomisation a glaring flaw.
Low Poor High
Versatility Only two tools available Only one tool available 20 tools available to tackle a

wide range of problems.
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Requires hardware Can be used at design stage if formula | Requires hardware
i ! . governing input and output variables is known.
Scope Main use in production Can be used at prototype, pre-
Main use in pre-production production  and  production
stages.
Moderate Poor High
Statistical knowledge and | Statistical knowledge and computers required Minimal statisucal knowledge
computers required, . ) required
Ease of Engineers tumed off by complexity and
Implementation Engineers discouraged by | medest resulis. Engineers, production, direct
complexity. labour, and suppliers gravilate
o ils use, cncouraged
excellent rasulis.

Bhote abviously feels strongly that the Shainin methods are better than either Taguchi or
Classical DoE. However it 1s debatable whether he has been absolutely fair to either of
the methods or if he has actually used either of them as heavily as he has obviously used
the Shainin techniques. For example he mentions that classical DolX has only two tools
available (fractional factorials and EVQP) however a vatiety of other methods exist such
as Response Surface, Plackett Burman, Multiple Regression and Factor/Cluster Analysis
that support the use of Classical Doli. Also Bhote includes the use of TFull Pactorial
experiments on up to four factors in Shainin’s methods. One might grant Bhote that
DolZ by itself is less powerful than the Shainin toolbox he suggests however a DoE

approach involving the vasiety of tools suggested above seems at least as good.

Nonctheless he gives compelling examples of the use of Shainin Dok in industry and the
text is thus very useful as a training manual for the use of these methods. His critique of
Classical and Taguchi Dol techniques compares in terms of the ease of use of these

mcthods with the quotes presented previously and the suggestions of Pro-t-con to come.

245 STATISTICAL PROCLESS CONTROL.

While Pro-t-con claims to use sophisticated algorithms for data analysis the drive of SPC
is to keep things simple and aid in the plants decision making process and is generally
part of a companies Total Quality Management (TQM) system. SPC algornthms are based

on uncomplicated well known statistical techniques and formulae, available in many
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textbooks. Its aim is to help people understand and reduce process variation and in itself
offers little to the understanding of relationships between process variables. SPC can be
considered a methodology for maintaining an optimised process rather than for gaining
one. It therefore doesn’t fit into the same family as Pro-t-con, DoE, RSM, Taguchi or

Shainin for process optimisation.

Brinkley 1993 mentions that although they were able to “optimise” their process using
DoE techniques they experienced difficulties in getting operators to co-operate and
maintain the optimal settings. Their sclution to this issue was to shift the operator’s focus
from constant adjustment of the process to maintaining the process at the optimal
settings and aggressively monitor important process factors such as solder levels and flux
quality. SPC helped them in achieving this. It could be used to achieve a similar result at

Filmpac.

2.4.6: PRO-T-CON

The best explanation of what Pro-t-con aims to do can be found in their marketing

brochure [Appendix B].

“Pro-t-con determines optimised process settings against a set of targets using a real-
process Mathematical Model. The Model is developed from the collection of process
data within the operating window. Pro-t-con utilises multivariate linear regression,
along with patented algorithms to develop a Mathematical Model of the process. [Lo
1999]

Only one journal article was found that discusses Pro-t-con in any way. This was a short
promotional article by Mapleston 1994. The article claims that Pro-t-con may have a
profound significance in process modelling and discussed the basic methodology and
expected results from the software. It was a very short article and offered no data or

experimental basis for its claims.

All other literature regarding Pro-t-con came directly from the suppliers of the software
i.e. either GS Technology in England or more recently Glenvern Associates of Australia.
The most useful elements of this work are sections 3 and 6 of the user manual, which

discuss how to apply Pro-t-con to an application. It makes suggestions for setting up and
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undertaking expeniments giving the list previously presented on page 23 of this report to

describe the esseatials of a Pro-t-con endeavour,

The user manual is based mainly on the expesiences of Pro-t-con’s suppliers and is
anecdotal in its approach. Unfortunately no data, results or methodologies are presented
for consideranon. Being partially a marketing document it is biased toward the Pro-t-con
method but does give some good advice for any such endeavour. The manual does not
mention any of the methods used for making its assertions or suggestions. Its aim is to
“train the converted” to use Pro-t-con most cffectvely, The following lists were

presented in the frequently asked questions section of the operanons manual [Lo 1999].

What is so unique about Pro-t-con compared to other process improvement
techniques?

- Pro-t-con can handle up to 500 variables
- Pro-t-con Model is ser-up from real-life process data
- Pro-t-con does not require the user to understand Statistical Analysis Teehntques

- Pro-t-con develops the Mathematical Model and determines the Qptimised

Process Settings from one keystroke.

What are the limitations of Pro-t-con?

- Pro-t-con 1s based on a statistical analytical approach and

- Nceds at least 30 sample scts of data for an accurate model

- Needs one sample set of data more than the number of variables

- Optimisation will only be within the Operating Envelope explored during a study

- [ach study is tool/equipment/product specific as the performance and outcome

from cach sct of these are usually different.

- The changes in a process must be continuous, as Pro-t-con cannot model on

major step changes, such as an explosion.

The frequently asked questions section presents a table that contrasts Pro-t-con with

DokE. Table 2



Table 2: A Comparison of Pro-t-con with Design of Experiments.

Can develop a process model with up to 500 .‘Generally limited to a small number of v\arlia‘ls;\
variables usual maximum is around eight, incl. Controls and
Resultants

Needs minimum 30 sample sets and one sample | Number of experimental runs (sets) increases
more than variables exponentially with number of variables

Can include Derivatives (Co-Variates) in Model, | Derivatives (noise) are usually not included in
valuable for problem solving model. Experimental runs are randomised to avoid
their effect.

Software includes optimisation tool Most packages require a second optimisation step
Complex optimisation study can be completed in | Large number of experimental runs can take weeks
“days” or months to complete

Uses linear regression within operating window Some systems can apply 2 or higher order

regression in the modelling pracess

Front end is designed for operator/ technician use | Knowledge of Statistics required, far Engineers to
use

Table 2 is presented in such a way as to make Pro-t-con attractive. For example the
suggestion is that DoE requires more experiments than Pro-t-con and that these
experiments take longer. This leads the reader to believe that a Pro-t-con study will
always take fewer experiments than an equivalent DoE experiment. This is not

necessarily the case.

Design of experiments can be undertaken with as few as four experiments, the number
of experiments necessary increasing exponentially with the number of variables under
analysis. Fractionalisation of the design reduces the number of experiments necessary
and it is possible using a Plackett Burman screening experiment to analyse for single
factor effects with one more experiment than the number of factors under study. This
means that with a similar number of experiments a similar amount of information about
a processes single factor effects can be discovered with fractional factorial experiments as

can be with Pro-t-con.

A fundamental flaw with this is that it is always at the expense of understanding the
interactions between these variables on the process. In fact if strong interactions exist

between variables, fractional experiments become prone spurious results. [Shainin 1988].
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The Pro-t-con method advocates a one factor at a time method of changing factors. If
this rule was strictly abided by for all factors in the model it would require that for two
levels of each factor twice 2s many runs as there are factors would be necessary, for three
levels, three times as many etc. So the efficiency of experimentation with a method of
this tvpe is worse than that of DoLE. Also, unlike DoE, Pro-t-con does not encourage
randomisation of the experimental runs, this leaves it open for errors due to the order in

which experiments were carried out thtowing doubt on the conclusions drawn.

However it 1s widely accepted that [DoE methods require a significant statistical
background and tutelage in their application. Pro-t-con on the other hand is taught in a
three dav session at the plant and can be used by skilled operators or technicians. The
ability of Pro-t-con to allow operators with a low understanding of statstics to use it

effectively is a substanual advantage in industries where statistical knowledge is rare.

The issue of which technique gives the most information about a process from the least
number of experiments, the statistical basis for this information and the conclusions
drawn from it was not mentioned in thelr text as this was not its intention. It basically
suggested methods  the suppliers believed to be nccessary for the  successful
implementation of Pro-t-con. In this tespect it was similar to Antony 1999b that

presented methods for the successful implementation of Dok,

Multivariate Lincar Regression, [5]

Pro-t-con uses Multivariate Jinear Regression for building its “real process model™,
Multiple regression is a generalisation of simple regression where variation in the data is
explained by more than one variable. Like simple regression, multiple regression utlises
the concept of least squares for building a process model. It does however only analyse
for single factor effects so cannot discover interactions. Being only linear regression 1t
does not attempt to use higher order polynomials in the model. The general equation of a

multiple regression model is
Ti=3g+ 3 ¥ 8xxp ¥ A By tg
Where; Tt 1s the response

Ba 21 Are the model coefficients
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Xi1 2 | Are the observed values of the independent variables that the model

predicts the response with.

e:

s Is the error term, i.e. the variation in the response that is not attributable

to the model.

A multivariate regression model can be used to predict the response with any
combination of the independent variables (x) as long as the model explains suitable
variation in the response. Multivariate regression is often undertaken in conjunction with

DoE in order to enable prediction of the response from a set of given settings.

Pro-t-con Software Details
The software analyses the data, changing controllers within pull % restrictions to give the

machine settings that will run the machine as close as it can get to the desired targets.

New versions of the Pro-t-con software allow the percentage pull restriction i.e. the
percentage change in control factors Pro-t-con is allowed to use when seeking an optimal
solution, to be altered. This is known as the pull % and can be used to free up or restrict
Pro-t-con optimisations. Where curvature or interactions are suspected the

recommendation is to use a low pull factor i.e. 10% or less.

It is important to correctly categorise factors into controller (control variable), derivative
(co-variate), and resultant (response) as Pro-t-con only changes control variables when

attempting to achieve the chosen targets.

One is also asked to prioritise and give tolerances to each target before the model is built

to allow Pro-t-con some room to move around in when compromising between settings.

Model Information
Pro-t-con reports three sets of statistics on its information screen upon development of a

model.

“correlation between the target (dependent) variable and the control (independent)
variables are determined and expressed as the Total Variability and Pareto values in the

information screens” [GS Technology 1999]
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Glenvern and GS Technology suggest that a model with total varability above about
80% to 90% will be reasonably accurate. Less than 80% and it is likely that an important

variable has been left out of the analysis,

The third statistic reported by Pro-t-con is the ratdo value. The variables which have the
highest ratio values for each target arc those Pro-t-con believes have most influence on
that specific rarget. The calculations used in developing these are unknown to the
student. In the new version of the software graphs of the range over which each factor
has been varied multiplied by its Ratio value (Range*Ratio) are drawn to show the
relative cffect of cach variable on each response. These are very useful for quickly seeing

the factors that have most effect on the process.

It Pro-t-con cannot achieve the desited targets then further esperiments may be
necessary, The Range¥Ratio chart drawn to show which variables have the most effect
on specific targets can be used to suggest further experiments to concentrate on these
vartables.

One can also perform “what if”” experiments around the optimised solution by changing
control variables within the software to sec what effect this bas on reaching the targets.
These virtual experiments are helpful for designing actual experiments to make the

model more comprehensive.

Further information about Pro-tcon from GS Technology and Glenvern Associates

suggested that.
1. The mathematcs is based on multi-variant linear regression

2. Pro-t-con starts by selecting a complete data set, then changes controllers within

given restrictions to try to achieve the target valucs.
3. It will oniy predict within the operating eavelope seen.

4.  Bchind Pro-t-con is some fairly complex maths and unique algorithms that have
been presented in a very user-friendly way. This is onc of the big diffcrences to

Dak.
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Patent Search

It was mentioned in the literature provided by the suppliers that Pro-t-con used
“Patented” algorithms in its analysis. In order to get a patent it is necessary to document
and publish details about the patentable part of the product. A search for this patent was
therefore done but was however unsuccessful. Software is not usually protected through
patents these days as it is easier to protect the code through other means. This avenue of

investigation was therefore abandoned.

2.4.7: SUMMARY

1. 'There are concerns as to the Pro-t-con software’s ability to “optimise” a process

effectively.

J

2. Pro-t-con uses Multivariate linear regression in its analysis of process data.

2. Pro-t-con is very easy to use and aims to directly develop the settings necessary to

achieve the desired targets.

3. Significant improvements in process performance can be achieved through use of

the Pro-t-con methodology and software.

The methodologies reported by Brinkley 1993 and Antony et al 1999a are more
transparent and statistically verifiable than that suggested by Pro-t-con whilst reaching a
similar result in terms of optimised setting conditions. They do however require a deeper
understanding of the statistical methods used in their application and this is typical of
DoE, RSM and Taguchi methods. This is likely to discourage their use in industry by all
but the most able experimenters. Pro-t-con does not suffer from this problem, being
easily used by anyone with a basic knowledge of computers. However it is not possible to
have as much confidence in the results of a Pro-t-con optimisation model as the results
of the other methods as Pro-t-con ignores non-linear factors and the interactions
between variables. The methods involved in analysis of Brinkley and Antony et al’s
experiments can be relied on as they are well known and accepted techniques.
Unfortunately however an analysis of the statistical foundations of Pro-t-con has not

been possible as its algorithms are protected by the supplier.

With classical systems of experimentation the goal is to reduce the number of variables
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under study down to just the most important ones. Information about a small number of
important variables is gained from the analysis but it is up to the experimenter ta decide
how this knowledge will be applicd to optimising the machine. Often further

experiments are necessary to achieve an optimum solution.

With Pro-t-con all plausible variables are often included in the model. The result of the
optimisation is a list of the settings necessary to run the machine at the requested targets,
The experimenter should be able to take these settings set the machine up the way they

dictate and expect it to perform to the targets Pro-t-con anticipated,

Pro-t-con seems to occupy the casy to use end of the market and it was the only package
found that allowed direct single step optimisation of a process. The literature however
suggests its fundamental stadstical basis 15 weak as it ignores interactions and non-

linearity and doces not encourape the randomisation of experiments.

Nonetheless this review has uncovered a variety of techniques available to industtial
experimenters interested 1n process improvement and optmisation. It has also discussed
a varicty of well-accepted experimental methodologies thar will be of use for comparing
with Pro-t-con. Finally it has developed an understanding of the difficulties involved n
undertaking classical experimental design methodologies and thus an appreciation of why

a process optimisation package such as Pro-t-con is attractive to industry.

The analysis of Pro-t-con in section 5 will be designed to shed light on the algorithms
used by Pro-t-con in its analysis and discuss the advantages and disadvantages of the

mecthod.
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2.5 BLOWN FILM EXTRUSION FUNDAMENTALS.

A thorough knowledge of the process to be improved or optimised was recommended
by authors in sections one and three as essential to the success of an experimental effort.
The assumption is that otherwise it will not be possible to design the experiments
necessaty to push the boundaries of what is presently known about a process.

Consequently significant research into the field of blown film extrusion was deemed

necessary.

2.5.1: THE EXTRUSION PROCESS AND EQUIPMENT

Polyethylene is fed into a hopper. It drops into the channel of a screw rotating within the
hardened liner of an extruder barrel and is forced forward by the rotating screw flights.
As it moves it is heated, melted, thoroughly mixed and compressed by complex flow

patterns along the screw channel.

Figure 10: Extrusion hopper, Screw and Barrel [Exxon 1999]

Metering

Screny

A well mixed homogenous melt is necessary to ensure an end product with uniform
cross section and good mechanical and optical properties. The quality of the melted
polymer presented to the die is related to the temperature settings on the barrel, the
screw design and a number of other processing parameters. Because the viscosity and
flow characteristics of Polymers change considerably with temperature, accurate control
of the barrel temperatures is essential to maintain control of the melt temperature and

level of mixing as these affect final film properties.

The barrel can be divided into feed, compression and metering zones (fig 10) and there
are usually four or five controllable temperature zones along the screw. Although heat
may be added in these zones generally more than 70% of the heat generated in the

extrusion process is done through the action of the screw. Consequently the major
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function of these zones i1s to control the barrel zone temperatures, this usually means

cooling it.

The hopper throat and feed zone is where the material first makes contact with the
screw. This zone must be temperature controlled to prevent the polymer from melting
prematurely and sticking to the hopper throat before reaching the screw. In the feed

zone early melting occurs and the polymer is conveyed to the comptession zone.

In the compression zone the screw root diameter steadily increases to provide slow but
uniform compression. By the e¢nd of this zone melting should be completed and serious
mixing begins. The compression ratio is the rado of the volume in one screw flight in the
feed section to the volume of one screw flight in the metering section. The increase in
pressure prevents air, which could cause oxidation gels, from being forwarded with the

melt to the final product.

In the metering zone a consistent action 13 provided as the screw rotates for
homogenisation and pressure build up. This 1s highly important for obtalning a uniform
melt viscosity and for mininusing melt sutge. In many modern screws and certainly in
those found at AWP Tiimpac there is a mixing section included berween the
comptession and metering zones. This section homogenises the melt and often helps to

break down gels by working and mixing the matertal before it goes to the metering zone.

The melt, finally passes through a screen pack and then through the adapter to the die.
The screen pack serves primarily as a filter for forcign pardcles that may have got into
the hopper, but also builds up pressure in the extruder so that the polymer is worked and
mixed well. Finally the melt passes through the die, where it is shaped into its final form.
The die design is important as it affects the thickness variation of the film, most modern
dies are spiral mandrel dies the spital helps spread the molten polymer evenly around the
dic reducing thickness vartation. Dic size aftects the blow-up ratio of the final bubble
and die gap affects the necessary draw-down, more abour these later. Because the
polymer flows from zone to zone being acted upon by the factor scttings at each zone

there are reported to be significant interactions between the factors in the process.



Figurc 11: Spiral mandrel and die. [Exxon 1999]
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Figure 12: The extruder through the die to the winder. [Exxon 1999}
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Film thickness depends directly on the extruder output, the bubble width, and the haul-
off speed. By changing these variables a range of films with different widths and
thicknesses can be produced. A typical range of widths from the same machine might be

from 0.4m to 2m wide, with thickness ranging from 10 to 200 microns. A range of
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materials can also be processed with the same equipment giving many optons for a
biown film manufacturer.

Bubble cooling is done through airflow on the outside of the bubble. In modern
extruders air-cooling is often also applied on the inside of the bubble with an internal

bubble cooling mechanism (IBC). This helps to increase the maximum throughput by

stabilising the bubble and clevating what is often the major process constraint, cooling.

Figure 13: Cooling air flow against the bubble. [Exxon 1999)
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Once cooled the film tube enters a collapsing frame and is hauled off via rotating nip
rolls. The resulting double laver is led to a winding station, where it is wound on to a
cvlindrical core. Before winding the fitm can be sht to specific widths, and or corona

treated for further printng and converting,

Strong relatonships exist between the variables in a blown film extrusion machine. These
relationships depend heavily upen the type of extruder used, the properties of the raw
matcrials, available cooling on the extruder/ait-ring and the properties of the die and
mandtel. It is therefore important to be careful when generalising about machines as

experimental evidence is based solely on the machine used for the experiments.

Most of the information available on this topic comes from the manufacturers of the
various parts of the process, whether they be machinery manufacturers, screw and die
designers or material suppliers. These proprietary texts often quote ideal melt
temperatures and blow up ratios for processing specific materials but concurrence with
these depends upon the desired film propesties and the constraints of the machinery it is
made on. Since resing and processing equipment vary greatly, 1t is not possible to list the
exact processing conditions necessary to run a given resin. It is more important for the

processor to understand the cffects of extrusion vanables on particular properties, as



this will enable them to make adjustments to their equipment and processing conditions

to obtain a film with the desired optical and mechanical properties.

For this reason all independent texts consulted in this part of the search suggested only
general “rules of thumb” for the operation of an extruder to achieve specific product
characteristics. Also none of Filmpac’s lines are “stock standard” as they have been
modified significantly since their initial purchase. The goal of this part of the research
was to become familiar with the extrusion processes within AEP Filmpac so that the
problems likely to arise throughout the project could be solved. It seemed most
appropriate then to spend time investigating Filmpac’s machines using the operators,
senior members of the manufacturing team and other technical staff to assist in this

education.

2.5.2: THE EXTRUSION PROCESS
Three major factors influence the final physical properties of a film structure. These are;

Polymer Structure, i.e. whether the polymer is Low Density Polyethylene (LDPE),
Linear Low Density Polyethylene (LLDPE) or High Density Polyethylene (HDPE).
Polymer density, molecular weight distribution (MWD) and length and type of
branching all affect the final properties

Equipment Design, e.g. die gap, screw and barrel design, die design, air ring type etc.

Fabrication Variables, e.g. melt temperature, blow up ratio, frost line height, line speed

€LCc,

Figure 14: Factors effecting blown film properties. [Dow (17)]
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A film structure can be described in terms of its degree of otientation and crystallisanon,
The combination of polymer, equipment and fabrication variables together influence the

films degree of orientation and crystallisation and therefore its physical properties.

The varable factors within the scope of this project are mainly Fabrication Variables as
the Polymers and Equipment used are fixed for most products. An understanding of the
existing Polymer and Equipment variables for each product under study is however
essential in designing suitable experiments for the optimisation of their fabrication

variables,

2.5.3: FABRICATION VARIABLES INFLUENCE ON THE PHYSICAL PROPERTIES OF BLOWN
IFTLAT

Molten polymer is subjected to a shear stress as it exits the die and is oriented in the
direction of this shear stress i.e. the machine direction (direction of flow). As the polymer
gers free of the die the molecules are able to relax. The rate at which relaxation occurs is
dependant upen the tvpe of polymer, its temperature and the stresses it is subject to. As
cach element of the polymer is drawn off the die and cooled it is under the influence of
stress in the direction it (s travelling e.g. if the bubble is travelling straight up off the die
then the stresses are mainly in the machine direction (MD). If the material is however
blown up to be significantly bigger than the die the matertal must How outwards as well
as upwards and will be stressed in the transverse direction (TD) also, These stresses cause
the crystalline lamella to orient themselves in proportion to the stresses they are
subjected to in each directdon, Once the film is cooled 10 its freezing point (the frost line)

by the eooling air stream, it is solidified and these stresses are frozen into the film.

In blown film there is generally a low level of stress applied in the transverse direction
rclative to the machine direcuon. Therefore there i1s less transverse orientadon than
machine direction orientation, High orientation along the machine direction produces
film that has good tensile strength but poor impact resistance and MD tear strength. By
increasing blow-up ravio the fiim becomes more balanced as it)s stressed and oriented In
both directions. It will thus have better tear resistance in the machine direction and better

impact strength.

As the molten polymer cools, some molecules fold upon themselves to form crystalline

lamellae. The remaining molecules solidify in an amorphous state. The slower the
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quench rate of the polymer the more opportunity molecules have o form crystalline
lamellac resulting in more, larger lamellae and increased film density. This crystallisation
reduces the optical propertics of the film as crystals disrupt the passage of light
Increasing crystalinity gencrally increases ultimate tensile strength but reduces tensile

clongation, impact tesistance and tear strength,

The level of ervstalinity and otientation can be controlled to a large degree by modifving

the fabrication variables.

Figure 15: Definition of Blow Up Figure 16: Oricntation Through Changes
Ratio. [Exxon 1999] in Blow Up Ratio. [Exxon 1999]
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haying an impact an arizntation. it equatl to TO, tensile propertias mors
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diameter and the die diameter, BUR 3.0

Blow-Up Ratio

A bubbles blow-up ratio (fig 13) has a sigmficant effect on the final properues of the
film. Increasing the blow-up ratio s the only mechanism for increasing the amount of
TD onentanon in blown filn. For LLDPLE a blow-up ratio of at least 2.5:1 is
reccommended for a good balance of MD and TD orientadon and film physical
propertics. Low blow-up rano’s can result in the producton of splitty films with poor
impact and tcar strength. Increasing blow-up ratio increases MDD war strength,
clongation, impact strength and optics but decreases TD eear strength, clongation and
MD tensile strength, A balanced film with equal extension in MD and TD (fig 16) has a

better ability to absorb cnergy, and 15 less likely to be weak and split.
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Die Gap

Changes to the die gap have a relatively minor effect on film properties. Increasing the
dic gap requires that the line speed be increased to maintain a film thickness. As a result
the increased die gap acts to increase the level of MDD orientation which can have a
detimental effect on film impact, MD tear and puncture resistance. This variable is out
of the field of influence of this project as it can only be changed by altering the size of

the die or mandrel, both of which require significant capital expenditure.

Frost Line Height

The Frost Line Height is the peint at which the polymer turns from a liquid to a solid. It
affects the quench rate of the molten polymer. Basically a high frost line means that the
polymer molecules have a long time to relax, de-onientate and crystallise thus they have
significantly improved impact, MD tear and puncture tesistance. This is however at the
expense of optical properties, bubble stability and thickness variation and also makes the

tilm more susceptible to outside influences such as drafts. Vice versa for a low frost line.

Melr Temperature

An increase In polymer melt temperature can have a significant effect on tilm properties.
An increase in mele temperature increases the rate that molten polymer crystallises to a
solid at the frost line (quench ratc). The increased quench rate causes polymer chains to
produce smaller lamiellac as they have less dme to form, which in turn reduces film
crystalinity. This reduction in crystalinity makes the surface of the film smooth and glossy
and also reduces film haze. An increase in melt temperature also reduces the overall level
of orientation because it allows molecules to relax more easily before the frost line. This
improves the balance of MD and TD orientation and results in significantly better

impact, MD tear and puncture properties.

Extrusion Variables Effect on Melt Temperature.
The job of an extruder is w melt and mix the polymer before transferring it to the die in
an homogenous form, When discussing Melt Tempertature it is important to be aware

that the temperature read by the melt temp probe may not be the average melt




temperature. So when aiming to make changes to the melt temp it is important to also
consider temperature variation across the adapter. The aim is to have minimum variation
in melt temperature otherwise known as a low delta T as this is believed to improve the
properties of the final product. The individual temperature zones on an extruder are the
factors that directly affect the melt stream for any given polymer. The way these are
adjusted depends on the type of polymer, screw design, screen pack, available cooling

and output. Because of this it is impossible to generalise the effect of changing individual

zones on the melt temp.

The trend at Filmpac is to use a hump profile that begin with a cold feed zone (zone 1), a
hot zone 2 to promote early melting and then cooler zones 3 and 4 for compression and
mixing. It is felt that this produces the best melt temp profile with the barrier screws
generally used at Filmpac. There is however some debate as to the ability of later zones
to cool the resin effectively after a hot zone two. Basically most heat profiles are set
arbitrarily by the operators, however occasionally a variable depth thermocouple (VDTC)
is put on a machine to help understand the effect of changes in the zone temperatures on
the melt flow. This is a useful tool and was a part of the testing equipment used in this
project. One way of reducing delta T is to increase the temperature of the adapter to the
same temperature as the melt thus heating up the polymer close to the wall. This works
very well and the suggestion from both resin and machinery suppliers is that all
temperatures down stream of the screw should be set at the average melt temp. This can
however mean a hotter bubble and thus a reduction in average melt temperature is often
desirable. This can be achieved through adjustments to the zone temperatures discussed

previously.

2.5.4: RESIN PROPERTIES

During polymerisation basic building blocks, monomers, are tied together. Polymer
chains of different lengths and molecular weight are produced depending upon how and
when the reaction started and stopped. The length of the chains and the level of

branching determine the rheological and mechanical properties of the resin.

All commercial polyethylene’s are branched. The degree of branching, the position,
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composition and length of the branches all tafluence their physical properties

Above their melting point polymer chains flow across cach other and are randomly
arranged, below their meling point they become frozen into a solid state. When
molecules are lined up in an orderly fashion they are said to be crystalline and when
randomly arranged, amorphous. A heavily branched molecule is difficult to line up with
those next to it to form a crystalline region but in the same way, a linear molecule 1s easy
to pack 1n close to others of the same type. Therefore the shape of a polymers molecules
significantly affects its, density, ability to crystallise and its viscosity. The combination of
crystalline and non-crystalline regions gives individual polyethylenes their specific
properties. Thus density is 2 measure of how closely the molecules are packed rogether in

the solid state.

Figure 17: Low Density Polyethylene (LDPE} [Exxon 1999]
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Low-density polvethylenc is characterised by a highly branched structure with both long
and short branches. It has a broad molecular weight distribution (MWD).

Key film propertics include Moisture Barrier, Good sealability, good optics and good

mechanical properties.

Other orpes of PE used in the blown film industry are lincar. The two types shown below

have propertes depending upon the amount and length of their short chain branches.



Figure 18: Linear Low Density Polyethylene (LLDPE) [Exxon 1999]
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JLLDPLE is used frequently to give better mechanical properdes than LOPI it allows
thinner gauge film to be extruded Le, better draw down, LLDPI produces higher mele

temperatures thus more cooling 1s necessary and poorer bubble stability results,

Figure 19: High Density Polyethylene (HDPE) (lowest number of short chain
branches) [Exxon 1999)]

HODPE

shart branches

FIDPE has very few short chain branches and thus molecules can pack very close ro cach
other, As density mereases so too does stiffness and tensile strength however impact
resistance and toughness at low temperature are often reduced. HDPEH has poor oprical
properties as the large crvstals deviate and scatter ight. Higher density generally results in

better gas barrier propertics,

253 MECHANICAL PROPERTTES AND FILM DEFECTS
Poor Mechanical propertics have a wide range of possible causes:

Polymer: (Resin not suited to the appiicaton,) The choice of material for any parncular

application is very important as the polymer used is the most significant factor in the

59




final characteristics of the film. Gels and contamination in the raw material also

contribute to problems with the materials performance.

Processing conditions: Once the material is chosen issues such as blow-up ratio, die
gap, thickness variation, die lines, melt fracture, unmelted gels and port-lines all have

effects on the mechanical and optical propertics of a piece of film.

Gels

Gels are visual defects in the film and affect strength, printability, film appearance, draw-
down ability and lamination quality. They can be of the following types, arrow head,
background, cross linked, oxidised and fibre gels (from contamination) They have two

Primary causes,

Extruder/Die gels arc caused by, die build up or oxidised polymer in the die or
extruder, poor homogenisation of materials during extrusion or polymer

deterioration through overheating,

Feedstock/Polymer gels come from, gels inhetent in the raw materials, contamination
from paper, cardboard, other polymers, dust or metal, recycled material,

masterbatches and blend components.

Port lines,

Port lines are hazy lines often visible in the bubble and finished product. They are caused
by material entering the die through the potts in its side. In a spiral dic this is minimised
however if there is an inconsistency in the temperature of the melted polymer preseated
to the die i.e. a high delta T, the material which is hotter and thus less viscous will flow
up the die more eastly than the colder material. This will therefore exit the dic at a
different temperature and crystallise in a different way to the rest of the film. Port lines

arc undesirable as they look bad and generally produce weak lines in the film.

Melr Fracture

Mele Fractuge is surface roughness caused by high shear stresses at the die lips. Above a
critical level the melt bresks or loses adhesion at the die surface and this causes the
rough, shark skin, surface. A low melt temperature, narrow die gap or absence of

processing aid all increase the probability of this.
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Bubble Instability

Bubble instability can be caused by thickness variations, thin film, low melt strength
(from a high melt index or high melt temperature), large blow up ratio, high frost line, air

drafts in the process hall, unsuitable air ring or high extruder throughput.

Film Homogeneity

Inconsistencies in a film sample may be caused by melt index variation. A high amount
of reclaim/recycled material of unknown composition may cause this; low melt
temperature may cause incomplete melting and the wrong screen pack may let through

micro gels or lumps of unmelted polymer.

References consulted in this discussion include; Exxon Chemical Europe Inc. 1999 [18]; ICI
Chemicals Ltd [7]; Butler 1993 [12]; Dow Chemical Company Ltd [17]; Glanvill, A.B. 1971
[21]; Dow Chemical (Australia) Ltd. 1997 [15]; Rauwendaal, Chris 1993 [30]; Whelan T, et.
al. 1993 [39]

A Matrix showing the relative effect of changes in specific variables on film properties is

presented in appendix C. Butler 1992.

The quality characteristics to be focused on in this project vary with the differing
products that will be optimised however output is always an important factor in an
optimisation experiment. The matrix referred to above suggests that melt temperature,
blow-up ratio, screw cooling, die gap, and air ring cooling capability are the most

important issues in any quest for increased output.

2.5.6: PALLETFAST STRETCH CLING FILM (SCF) STRENGTH MEASUREMENT

To optimise Machine 9 it was decided to focus on the performance of Palletfast in the
market as well as the machine’s output. In order to do this it is important to be able to
effectively measure the performance of the product. Initial investigations into the viable

testing methods suggested use of the following methods

Tensile Properties Test (Instron) ASTM DG638M-8
Puncture Test (Instron) Not an ASTM Method
Elmendorf Pendulum Tear Test ASTM D1922-67
F/50 Impact Resistance Test ASTM D1709-85
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A discussion of these methods can be found in the appropriate ASTM Standard

vearbooks.

1997 Pacific Area Conmmercial Stretch Cling Film Evaluation

Dow Chemical Company tests samples of Stretch Cling Film from a vartiety of suppliets
around the Asia Pacitic region with both on-pallet and laboratory methods to help clients
compare their films performance with that of their competitors. The following graphs
were developed with data taken from Dow Chemicals 1997 Commercial Stretch Cling
Film (SCF) Evaluation test results, The aim of the analysis below was to look for
corrclation between laboratory testing results and on-pallet performance results to see
whether any of the available laboratory test methods were good predictors of on-pallet

performance.

Max Pre-stretch percentage was chosen as the on-pallet test used by Dow that most
affected SCF performance in the market. Laboratory tests have been plotted againse this

dimension.

Scatter plots of these graphs age shown below with a line of best fit and theitr correlation

cocfficients (R

Figure 20: Impact strength vs. maximum pre-stretch %.
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Figure 21: Punctute tests vs, maximum pre-stretch %
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Figure 23: Elongation tests vs. maximum pre-stretch %
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The graphs above ate a selection of those drawn from the SCF Evaluation data and relate
to the options available for laboratory testing at Filmpac. All show very poor correlaton
berween on pallet testing and laboratory tesdng. It 1s clear then that it is not possible to
accurately predict the on-paller performance of stretch cling film with the lahoratory

testing methods detalled above.

Thete is therefore little confidence that controlled laboratory experiments will vield the
results necessary to improve the product’s performance in the market as these existing
methods do not mimic the strain rates seen in the marketplace. Move appropriate

methods are therefore necessary for adequately testing the performance of SCT.
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2.6 CONCLUSIONS

The options available for process improvement in industry are many and varied. The
literature review suggests that certain issues be addressed in designing a methodology for
applying Pro-t-con at AEP Filmpac. It is clear that manufacturing plants differ
dramatically and thus it is not possible to suggest the performance of a methodology at
one plant will be the same as at another. Thus the following statements were used as
principles by which a sound methodology would be developed. Environmental factors
specific to Filmpac such as the operators’ knowledge of the machines and the skill of

supervisors in administering the system will also play large roles in the final solution.
Issues to address in designing a system for applying Pro-t-con at AEP Filmpac.

1) Involve the employees that will be affected by the improvement system in its design

and keep them informed of developments by holding regular meetings.

2) Gain and maintain support from management through monthly reports and meetings

to elicit help where necessary.

3) Train those that are involved and affected by the system so that they understand why
the change is necessary and where they fit in. This will reduce resistance to the
change.

4) What gets measured gets done so develop key performance measures for the system,

review them and ensure this information is visible to employees.

5) Involve operators in recording data and in decisions based on this data, so that they

become responsible for the new system and improvement effort.

6) Pro-t-con is involved in the exploitation of machines so that they may reach their full
potential. Improvements beyond this can be described as constraint elevation

exercises and were outside the scope of the project.

7) A deep understanding of the process under study is necessary for success in such
experimental work. This can however come from experienced operators that are

willing to work closely with the experimenter in designing suitable experiments.

Process improvement is an iterative process of learning and thus a methodology to

enable process improvement should be based on this. The structure proposed by
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Upton 1998 has been used along with those proposed by Batnes 1997b, Hoerl and Snee
[Statistcal Methods for Quality, 1997], Taguchi {Antony 1999a) and Pro-t-con [L.o 1999]
to aid in development of a2 methodology for the applicaton of Protcon on the Filmpac
site. The methodologies reviewed in this research suggest that the following factors arc

impaortant within a process improvement system,
1) Iimphasise process improvement as a knowledge creation and development process.

2) Process improvement initiatives should include stages that ensure improvements are
ongoing, ie. mclude maintenance stages that involve process measurement and

documentation.

3) An iterative approach to process improvement promotcs a continuous search for

improvement opportunities.

4y Begin process improvement initiatives by optimising/ exploiting the current process.

5) Consider process redesign and constraint breaking exercises only when certain the
process 15 incapable of achieving the necessary performance in its current

configuration.

Another side to this review was to analyse the options available to industry for process
cxperimentation and oprmisation. This suggests that Pro-t-con belongs in the easy to use
section of the market. An analysis of Pro-t-con’s fundamental statistics was not possible
with the information available however a reasonable idea of the limitations of the

software was developed through discussions with the suppliers.

The system is morce difficult to analyse as any improvements from it are confounded by
other changes occurring simultancously within the plant. It 1s thus difficult to prove
causality in such a situadon. Measurement of the level of improvement gained theough
other process improvement efforts reviewed in the literature was achieved through
compatisons of process capability analysis before and after the projects. However
process capability can only be demonstrated in a situation where the process is deemed
to be under control, this is not the case with the processes at Filmpac and thus it is not
possible to be comfortable with this approach. However the expected result of

implementng the process improvement system Is a reduction in process variation and a
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general improvement in mean output. Historical information is available to plot trends

with and improvements along the aforementioned dimensions shall be analysed.

Finally the extrusion variables within the scope of this project have been defined. The
Jarge number of variables avatlable has been limited to those fabrication vanables that
can he altered under current machine configurations. They include frost line height,
extrusion wemperatures, output, and additive percentages. Thev do not include material
formulations ot die size/extruder tvpe as these are fixed for the machine/product mix.
The rescarch has established that the relative efteet of these variables depends upon

machine and material variables and thus cannot be generalised.
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3.0-METHODOLOGIES

This section describes the methodologies used and developed throughout sections 4,5,

and 6 and introduces the three major elements of the project.

3.1 RECOMMENDED METHOD FOR PROCESS IMPROVEMENT (10 STEPS)

Many models for process improvement have been proposed and a number of these were
discussed in the literature review. These were combined and manipulated with the
experience gained in this project to produce the following flow chart (fig 24) which is
aimed at individual improvement projects for specific machines. Other process
improvement systems vary in their scope from the management of an overall continuous
improvement culture to the actual process of experimentation. Figure 24 fills the gap
between these levels and combines an iterative constraint breaking system with an

experimental problem solving method.

The drive of the following approach is to first “exploit” a machine in its current
configuration using experimental tools such as DoE, Pro-t-con and general problem
solving techniques. Then using the knowledge gained in exploiting the machine, choose
constraints to break so that its performance can be “elevated”. It is basically an iterative,
learning method that continuously improves a process by moving through the 8 stages of
knowledge detailed by Barnes. It therefore aims to take a plant up to levels 3 and 4 of
Uptons framework for process improvement [Upton 1998b] and beyond Barnes’s 8

stages of knowledge [Barnes 1997b]
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Figure 24: A 10 Step Method for Process Improvement

1. Define Priorities.

2. Establish process measurement methods

3, Collect Data on the process under normal conditions

4. Ensure process position is secure. (setting
sheets, documentation etc.)

5. Know how to adjust process.

6. Design and conduct experiments.

7. Develop relationships between controllable
factors, co-variates and results.

8. Optimise process for defined priorities.

Has a constraint been
met?

9. Break Constraint

Can the constraint be
economically alleviated?

Are any other performance
characteristics important?

No
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3.1.1: EXPLANATION OF 10 STEP FLOW CHART.

Step 1: Define Priorities

Most process improvement methods begin by stressing the importance of clear goals and
priorities at the outset of the project. It is essential to set precise goals to measure the
performance of the project against and to aid the team by focusing on these goals.
Priorities need to be defined in terms of their effect on the products bottom line i.e.
company profit and internal/external customer satisfaction. With this in mind it is more

likely that the attributes that most affect these dimensions will be chosen for

improvement.

Step 2: Establish Process Measurement Methods

In order to improve a process it is essential to be able to measure the responses to be
improved and the variables that affect them. These must be documented and
standardised so that if others attempt to improve the process they can compare results.
Measurement methods should use the highest practical scale available, i.e. a ratio or
interval scale if possible, normative and ordinal scales are sometimes necessary but can be

statistically questionable.

Step 3: Collect Data on the Process

The process measurement methods once developed should be used to collect data on the
process to gain an understanding of its present state in terms of quality and output
variation. If possible establish the process capability C, value so that improvements can
be quantified against this. Operators and supervisors should be involved in the data

collection process to help ensure their co-operation in stage 4.

Step 4: Ensure Process Position/Settings are Secure

The work done in 2 and 3 helps to develop an understanding of the processes operating
envelope. Setting sheets or recipes should then be developed from the best settings so
that they can be used again and workplace systems/disciplines implemented to ensure
the continued creation and use of these setting sheets. This step enables the
improvements gained by optimising the process in the following stages to be available for
future runs of the product and in itself can produce a significant improvement in process
stability and performance. (Uptons level 1). It could be argued that this stops the
development of new, better settings for the process as operators get used to using setting

sheets. However if operators are given the opportunity to improve their settings and
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have them Decome the new sctting sheer more stable machines and continuously

improving settings should be produced. This is discussed further in secron 5.

Step 5: Know How to Adjust the Process

A prior knowledge of the effect of changes in machine variables helps to design cffective
experiments. It is impormant in this stage to be able to alter specific variables
independently of the others under examination. Skilled operators ate generally very
helpful in achieving this as they have the tacst knowledge of the process necessary to tunc
it to the desired setrings. As the goal is to develop the best possible settings for future use
1t 15 sensible to use the best operarors as they are likely to be able to develop the best

settings,

Step 6: Design and Conduct Experiments

With an idea of which variables are most important, an esomate of how they affect the
process and an abilicy to set these variables independently it 1s possible to design
experiments to verify and extend the present level of knowledge. A variery of methods
exist for undertaking these experiments and include  Pro-t-con, Doli, RSM, Taguchi and
Shainin, all have their benefits and limitadons which were discussed in secdon 2.
Considerations must include desired accuracy and resoluton, the number of varables
under study, the number of experiments possible, the cost of these experiments and

whether curvatute or interactions exist within any variable/response telatonships.

Step 7: Develop Relationships Between Variables, Results and Co-Variates.

Using any one or a combinadon of the above techniques it is possible to develop the
strength and direction of the relationships between  the factors and responses. Regression
and ANOVA techniques may aid in the analysis and model building. This leads directly

to> stage 8.

Step 8: Optimise the Process for Defined Priorities.

With the process knowledge developed through experimentation and analysis the process
may be optnuised for the desired results. A Taguchi method would suggest first reducing
variation in the response and then adjustng the mean to its nominal value. Pro-t-con
would, given the correct informaton, attempt to do this automatically and create the
settings necessary for it. However the optmal solution is achieved it should result in 2 list

of scttings for the process variables to be used as a setting sheet in step 4.
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Has a Constraint Been Met?

Is a physical or psychological constraint holding the process back from the desired

output or quality characteristic?

Can the Constraint be Economically Alleviated?

Do the financial or practical benefits of elevating the constraint outweigh the cost of

doing so?

Step 9: Break Constraint

This may involve allocating more labour to the machine, changing a gear ratio,
automating a part of the process, buying a new machine, or simply improving work
practices. Goldratt 1992 suggests a three step process for breaking constraints which

involves deciding what to change, what to change it to and how to change it.

Are Any Other Performance Characteristics Important?
E.g. can the process achieve better quality at the same time as high output? If so, can it
also achieve less process variation? If so, can it also be run by only one person? If so, etc,

eLC...

Step 10: Maintain

Maintenance of a process is essential if the benefits of the improvement are to continue
for the life of the product. Stage 4 is the beginning of a maintenance program and aims
to minimise changes to the process set-up, which can produce a significant special cause
of process variation. An excellent tool for longitudinal maintenance of product quality is
Statistical Process Control (SPC). SPC centres on understanding process variation and

reacting to specified changes in the process rather than its natural variation.

A natural extension of the Pro-t-con project is to introduce SPC to the AEP Filmpac

plant to strengthen the work done in stage 4.

3.1.2 TESTING THE 10 STEP METHODOLOGY

It is clear in the situation that exists at Filmpac that approaching a machine in a planned
manner and applying rigorous statistical methods is likely to be more successful than the
haphazard methods of trial and error employed in the past. This could be expected to

have a benefit in itself whether or not Pro-t-con did the analysis, for the simple reason
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that there would be more information available to base decisions on. The 10-step process
improvement methodology proposed above was, at one level, designed to help guide the
process of improvement on specific machines or processes. Its quality is therefore
measurable in terms of its ability to help guide such wnprovemens projects. The method
could have theoretically been tested against some of the other methods presented in the
hiterature review by comparing the level of improvement gained by using each of them.
However as well as being a very laborious task this would be also be difficult to control
for outside influences and was thus outside the scope of this project. The 10-step
method was however used to help guide a number of improvement projects within the

coursc of work. A serics of these case studies are described in section 4, of interest are
1. The improvements made to the machine settings in terms of output and quality

2. The ease with which this was achieved

3. The actual improvement in machine performance

4. The reasons for any problems that were encountered.

This will enable a discussion of the vanous stages of the process and an apalysis of 1ts

performance. Subsequentdy improvements to the method shall be recommended.
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3.2 SETTING SHEET SYSTEM DEVELOPMENT (STAGE 4)

One of the most important elements of the 10 step process improvement method
described above is the inclusion of step four to encourage early development of a system
for documenting and controlling the process. It is essential that this step be successfully

completed, as without it the likelihood of success is remote.

The International Quality Study of Management Practices found the use of process
improvement practices to be one of only three management practices to have universal
benefit across all the industries studied [Mahlen 1993]. Continuous process improvement
is an essential element of total quality management (TQM). Although there has been no
mention of commitment from the management of Filmpac to an overall TQM
philosophy the focus of present work in the plant is on the development and acceptance
of standard operating procedures. The system described below is a key part of this and
aims to go a step further by adding to the standard machine settings a method for
continuously improving them. [Ward 1994] suggests that continuous process
improvement involves documenting, analysing and measuring all activities performed by
the organisation and that processes should be standardised and simplified to limit
variability. The system described below aims to measure, document and analyse the

processes at Filmpac, then standardise them to reduce variability.

There are a number of things to consider when designing and implementing a system for
continuous process improvement within a company. A common issue throughout the
reviewed literature was that support had to be gained from the people who were to be
most affected by the change. Methods for gaining this support often included employee
involvement and reward schemes, also training in the new system and employee
influence in its design were seen as critical to successful change implementation. They
mentioned that upper management had to be seen to be actively supporting the change,
“quality begins in the boardroom” [Terry Morgan; M.D. Marconi, Australasia], and the
existence of a strong project champion to defend the project was seen as extremely
important. This advice was taken into account in the design of the setting system at

Filmpac.
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321 THE CONTINUOUSLY IMPROVING SETTING SHEEY SYSTEM

In a competitive environment it is necessary to be as efficient as possible in
manufacturing ones products. Although it is possible to achieve superior performance
through purchasing new machines or increasing the labour force, the drive of
management 15 often to fully utilise the resources they have before considering other
options. The work at Filmpac was designed to enable better utilisation of their machines

through continucus improvement of their machine settings.

The work of Upton 1998b and Barnes 1997b was used to help develop the previously
discussed 10-step method for process improvement at Filmpac. Inigally Filmpac was pre
stage 0 of Upton’s framework and at step 2 of the 10 steps e, suitable measurement
methods for data collection did not exist. These methods were thus developed and all
operators involved routinely collected process data from the machines, From this data
the present operating envelopes for many products were defined. The best settings were
chosen from this process data based on those which gave the best output/quality
compromise, and setung shects were developed for each product. Setting sheets were
therefore being produced for many products on most machines but the system to ensurc
that they were used effectively was not available. Thus any improvements made to
machine settings were not there next time the machine was run and were conscquently
not ongoing, So the process was being documented effcctvely but the documented
information was not readily available. It was therefore necessary to concentrate more
effort on the development of a system for step 4 of the 10 steps to ensurc that process
settings were more secure. The development and testing of this system is the topic of

secton 3,

322 MEASURING THE EFFECT OF TUHE SETTING SHEET SYSTEM

In a learning environment it is often difficult to demonstrate an improvement due 10 a
single cause as so much else 1s going on that also affects the responsc. It can therefore be
difficult to disonguish between improvements that are due to the actual change and those
that are due to factors such as the Hawthorne Effect. The 1924 Hawthorne studies
demonstrated that people work harder when change is introduced into their environment

and it was found that when attendon was paid to employees, they responded positively
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[Neimark 1988]. In fact Neimark suggests that simply by introducing continuous change
to a company an improvement in worker performance can be produced. This is likely to
be because the excitement of getting involved and making an impact encourages workers
to try harder. This has obvious connotations for measuring an improvement in factory
performance due to a change in the everyday practices of operators. One must therefore
make sure the process of generally doing something new is not the reason that the
measured characteristic changed from its baseline measurements. To minimise or
quantify the Hawthorne effect a control group should be established so that the effect of
the different situations can be compared. This was necessary in section 5 when analysing

for an improvement in overall machine performance.

The expected result of the setting sheet system is an improvement in average machine
production and a reduction in production variation from run to run of the same product.
This shall be measured through an analysis of historical data from the companies
accounting database. A comparison will be made between machine 9, that was subject to
this standardisation and machine 6 that was not, in order to analyse the effect of this

initiative on the average machine output and its variation.
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3.3 PRO-T-CON TESTING METHODOLOGY

A major element of 10-step process improvement method was the use of experimental
problem solving techniques to aid process improvement initatives. The Pro-t-con
process optimnisation sofrware was purchased for this purpose. Weaknesses in the Pro-t-
con sofrware were suspected and thus an analysis of its functional pros and cons was

deemed necessaty to decide whether further use was warrantable.

“Pro-t-con is applicable to any continuous process, as every process is only a
combination of process variables influencing a combination of product variables.
Providing you can measure variables, it is possible to establish the relationship

between them and optimise the process with the Pro-t-con technique”,
[Harry Lo; Pro-t-con Marketing Presentation 1999]

There are 2 number of dimensions along which a package such as Pro-t-con performs,
These are

1} Its ability to do optimisations.

Z2) How much information i gives about the process.
3 Number of expertments necessary.

4) Ease of use,

The relative importance of these factors depends heavily upon the company’s present
level of knowledge about their processes. I, for example, the company were at a very
crude stage of process knowledge, then a manager would be most suitable for
undertaking the project as systems and leadership would be necessary to lift the company
to a position where their processes were stable. In this carly stage the ability of the
software would be relatively unimportant as the major gains should be achieved through
organising the process in such a way as to facilitate an experimental procedure rather

than through the experimental procedure itself.

If on the other hand the company were at stage 4 or 5 of the 8 stages of knowledge
detailed by Batnes [Barnes 1997b] then the usability of the software and the number of
experiments necessary would be very important because these issues could hindetr the
experimentation process. Management should still be involved 1n order to facilitate the
development of recipe or setung sheet systems. However able line operators or

supervisors could undertake the development of setting sheets and documentation to
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enable this stage and if the package were easy to use, also undertake experiments and

analyse data.

Thirdly if the company were at stages 6 or 7, trying to get to stage 8 i.e. attempting to
develop a more complete, predicative process knowledge, then the amount of
information the method gave and its ability to optimise would be the most important
factors in its application. In this situation verifiable statistical information is essential for
quantifying variable effects and interactions. Generally technical staff with the skills
required to perform experiments and use a variety of software packages would undertake

this stage, thus usability and number of experiments would be less important.

Filmpac has a variety of processes at different levels of knowledge. However from the
point of view of an operator their knowledge of how to run a product when handed a
work order is between stages 2 and 4 depending upon individual ability. So most have an
idea of the factors that affect the process, these factors are generally measured and the

skilled operators know how to suitably adjust the mean with these variables.

3.3.1 ABILITY TO DO OPTIMISATIONS

Some time after the software was purchased, it was made clear by Pro-t-con’s suppliers
that it could not optimise a process outside of the range of data it had seen. This means
that if a machine had seen a range of speeds from 140 to 200 kg/hr then an attempt to
get Pro-t-con to optimise the process for 210 kg/hr would be unsuccessful. So in order
to allow Pro-t-con to give settings for 210 kg/hr it must have first been achieved. This
was a disappointment to the project team as it has significant implications for the way in

which optimisations trials are undertaken.

Therefore the power of Pro-t-con must be such that it can develop settings which help to
compromise between targets. For example when given the process settings which

produce the following combinations of output and quality. (fig 24)
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Figure 25: Supposed benefit of using Pro-t-con for optimisations

and
Outpur  Quality Cutput  Quality

Then it should be able to give the process settings that will produce

Qutput Quality

Or any combination in between, providing enough experiments have been done to
adequately explore the two responses and that the two responses are not mutually
exclusive, 1.e. it is in some way possible to have both high output and high qualicy at the

samc tme,

If the only trget desired is the highest outputr then Pro-t-con can do nothing but
reproduce the settings that ate closest to that target. For exampile if 200 kg/hr were asked
for in the above example the settings from Pro-t-con would be simply the setungs that

were used to achieve 200 kg/hy in the first place.

Consequently it is important to have two or more targets to alm for in an optimisation

experiment

Initial questions that need to be answered in order to discuss Pro-t-con’s ability are
1} How accurate 15 its analysis of the process?
2) How accurate are the optimal settings it devclops?
3y Are optimisations repeatable?

In order to test Pro-t-con’s ability to “optimise”, a variety of cxperiments were necessary,
This work is detatled in section 6 and all experiments to test Pro-t-con in section 6

requite it to compromise between bwo O More targets.
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3.3.2: PRO-T-CON TESTING METHODS

To analyse Pro-t-con for the elements described above and thus gain an understanding of
its utility in an industrial setting it was tested with two simulated “dummy” processes and

a variety of field studies on real machines.

Simulated “dummy” processes were used so that known factor/response relationships
could be compared to Pro-t-con’s analysis of them. A dummy process allows the
experimental design and number of runs to be varied much more easily than in a real

process and also enables the process to be changed to see what effect this has on the

results.

Field studies on real processes were also used in order to compare results with the
dummy processes, as a true test of its utility and to aid the company in improving their

processces.

With both types of process, comparisons were made between the factor effects predicted
by Pro-t-con and those developed by methods such as Design of Experiments and
Multiple Regression. Optimal settings developed by Pro-t-con were also checked back in
the process to see if they produced the results predicted by Pro-t-con. The results of a
series of Pro-t-con optimisations were then compared with a series of trial and error

experiments to see which was the better method.

The result of section 6 will be a better understanding of the algorithms behind Pro-t-con
and thus an analysis of its statistical advantages and disadvantages will be possible. From
this its position on the scale of process improvement in an industrial setting, described

above, will be discussed.

A discussion of the functions and jargon surrounding a Pro-t-con analysis was presented

as part of the literature review in Section 2
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3.4 PROCLESS MEASUREMENT METHODS

Step 2 of the 10-steps for Process Improvement detailed in section 3 acknowledges the
importance of suitable measurement methods for process improvement. There were a
number of levels at which measurements needed to be made in this project. Iaitially it
was necessary to measure the inputs and outputs of each machine, also in order to
demonstrate improvements to the plant as 2 whole it was nccessary to measure certain
clements of its performance. This sub scction discusses the development of thesc

measurement methods,

Measuring Machine Variables.

Machines at Filmpac vary greaty in their age, set-up and the methods used for measuring
and setting variables. The suggested Pro-t-con approach to optimisations used at the
outsct of this project was to measure all the vanables on a machine regardless of how
minor they were. Although most of the important variables had gauges or potentiometers
(pots) on them some were just knobs or shides with no position indication or scaling at
all. This required that methods be developed for measuring these slides and knobs. The
atm was to get as high a level of scale as possible ie. a ratio or interval scale, in some

situations however nominal scales were necessary.

Oxccasionally an important variable could not be measured directly. In these situations the
unmeasured variable could often be derived from the combinaton of two other
measurable variables e.g. air ring insert height is proportional to air ring speed and air
ring pressure. Insert heipht can’t be measured directly but the other two can be, thus an
operator can set the insert height by first setting the air ring speed and then adjusting the

inscrt until he achteves the correct pressure.

L ndet certain conditions various heat settings within the extruder were unachievable. Lot
example some batrel zone and die temperatures consistently override their set points.
This 1s common in the older machines and those with water cooling clements. In this
situation the set temperature was established as usual and the actual temperature was
assumed to be related to the combination of the other sct machine variables. So the

settable values were still used for setting the process even if they were overridden,

Six of the nine extrusion machines at Filmpac have dosing systems that are computer

controlied; five by a system known as “Weighbatch” and one (MC 1) by a system
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provided by TSM. An investigation into the data logging capabilities of these systems was
seen as an opportunity to reduce the amount of data collection done by operators and
improve the quality of this data. None of these systems, however, logged data in the

required form, thus their suppliers were consulted and software updates were provided to

allow this functionality.

Measuring Product Performance

A major frustration of the optimisation studies carried out in this project was that
physical and personnel constraints were often met before Pro-t-con was able to help with
the optimisation. This was fine for the company as they got improved output from the
machine regardless. However it caused problems when aiming to determine the
effectiveness of Pro-t-con, as to achieve this it is necessary to demonstrate the softwares

ability to compromise and find the best settings.

In some situations this problem was to do with the availability of adequate measurement
techniques for secondary targets. Initially it was thought that the 1 to 5 nominal scales
proposed by Pro-t-con’s suppliers would be adequate however these quickly proved to
be inaccurate and inconsistent. Standard quality checks on the product at Filmpac were
adequate for some of the optimisation experiments. Most of these methods can be found
in ASTM standard reference books and they are generally good enough for ensuring the
product is within specification. However when the goal was to improve a factor outside
the normal Quality Control regime such as a specific dimension of product strength it
was necessary to look for other methods. So to test Pro-t-con effectively on the
processes at Filmpac, methods for measuring important quality aspects had to be
developed specifically for each process. An example of one of these (the development of

a method for testing Palletfast stretch cling film) is presented in appendix D.

Measuring Machine Performance

When aiming to improve a process it is essential to have a suitable metric to measure
performance with. For example when measuring the output of a machine, uptime and
stability are important factors to consider in conjunction with cycles per minute (CPM)
or kilograms per hour (kg/hr). It is conceivable that a machine running “flat out” is less

stable than a machine running at a slower speed and vice versa depending upon the
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process. Thus the machine’s running speed, along with external factoss such as the ability
of the operator may affect its uptime, The initial focus was to be just on CPM and kg/hr

i.c. to ignore uptime. However because
Total Production = (CPM or kg/hr ¥ Uptime) — Scrap

It would be inadequate to omit one of these measures from the analysis, as the final
expected result is an improvement in total production. At Filmpac this required
operators to collect accurate information about their own performance. Significant

training was necessary to ensure this was undertaken correctly.
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4.0-ANALYSIS OF THE 10
STEP METHOD

4.1: CASE STUDIES FOR ANALYSIS OF THE 10 STEP PROCESS IMPROVEMENT
METHOD

This section presents a number of short case studies in order to illustrate the 10-step
process improvement methodology and discuss its strengths and weaknesses.

Suggestions for its improvement shall be made from this.

4.1.1: CASE STUDY EXPERIMENTS

The measure of performance provided in the following cases is the machine running
speed in kg/hr or CPM as these were the elements focused on in the
experimentation. A truer measure of improved machine performance is the average
output and standard deviation over time. In order for improvements to be made to
these elements the system required for ensuring machines are run to consistent
settings, i.e. step 4 of the 10 steps, are likely to be necessary . The development of

this system is the topic of the next section.

Data recording sheets that included measures for all variables on a machine, as well
as for measuring its performance, were developed for each extrusion machine. So
steps 2 and 3 of the 10 steps were reached before the optimisation work in extrusion
began. The development of these recording sheets is discussed in section 5, as it was

necessary for the development of setting sheets.

Machine 9, Palletfast

Initial experiments with Pro-t-con in an attempt to use it to optimise Machine 9 for a
variety of products proved relatively unsuccessful. Steve Tilly of GS Technology had
suggested that it was possible to combine data on products from the same machine
and materials but with different thicknesses in order to build up the data necessary to

undertake optimisations more quickly. These experiments showed that it was
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possible to tun Machine 9 at over 200 kg/ht. on many products. However important
customers werc having problems with 20-micron film on their stretch wrapping
machings. Priogity then moved to improving the strength of the product in terms of
its performance in the market place whilst maintaining a high output (step 1 of the 10
steps).

A review of the Dow Chemicals 1997 Stretch Cling Film Ewvaluation literature (see
section 2.6) sugpested that laboratory testing mcthods would not be sufficient for
testing film strength. The development of a suitable methodology for measaring the
strength of Palletfast SCIF can be found in appendix D (step 2 of the 10 steps). Failed
rolls of film from customers and a number of virgin rolls from normal production
were tested to get an understanding of the film’s present situation (step 3). Using the
best two operators to help adjust the process (step 5) a set of 14 Plackert Burman
designed experiments were conducted (step 6). The rolls of flm from these
experiments were tested with the SCE testng methods and the data analysed for its
factor effccts. This analysis and experimental design are presented in scction 6.2 of

this report.

Possible result: An improvement in corner strength from 5.9 to 6,26 and in

flar strength from 3 to 15 cycles, output maintained at 190 kg/hr.

However due to the Jack of a suitable setting sheet system for mainraining the
improved machine settings significant variation in the products performance

petsisted.

Machine 4, Shrink Film

Shrink Tilm was initially approached with the intention of using Pro-t-con to
optmise it for outpur and shrink properties. Machine 4 was rteratively sped up to a
maximum of 192 kg/hr by tuning the extruder speed, line speed, air ring,
die/cxtruder temperatures and winder variables. Shrink tests were done to ensure the
product stayed within specification. Thus work was donc up to step 6 of the 10 steps
i.c. the process was being adjusted and experiments were being done. Help from the
machinc’s operators was necessary to enable efficient experimentation. However
when the machine’s exwuder reached 80 RPM it went our of control It was

discovered that this was because the signal from the extruder “prox” was not
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suitable for the Weighbatch control software at this speed. A constraint had been

identified.

At the higher output the film’s shrink properties were also better than seen
previously due to greater MD orientation (a desirable property for collation shrink
film). As no other measurable targets were seen as important for optimisation of the
product it was pointless to continue with the experimentation until the constraint
was broken. Thus a maintenance request (MR) was filed to have the plant electricians
remedy the problem. This should have been a relatively quick and easy job however
as it was not a high priority it remained, despite considerable pressure from the
student, unresolved for over 8 months. If the systems necessary for ensuring the
process position settings were secure (step 4) were in place after the first experiments
then the output could have been fixed at around 185 kg/ hr. However this was not

the case and thus the higher output was not maintained.
Observed result. 0% improvement in output.
Possible result. A 28% improvement in output from 150 to 192 kg/hr.

Pro-t-con was however used to attempt to optimise this process for output, thickness
and shrink properties, the results of this work are reported in section 6 on the
analysis of Pro-t-con. This took the work on shrink film through 9 of the 10 steps i.e.
relationships between factors and responses were developed, the process was
optimised for its present ability and a constraint was discovered and broken.
However because of the plants weakness in maintaining the process at its optimal
settings the improvements were not realised. Upon breaking this constraint the
opportunity exists to further improve the output of this product and thus go through

steps 3 to 8 again.

Machine 4, Bread Film

Bread Film was also approached with the intention of using Pro-t-con to optimise it.
Again the machine was iteratively sped up with the help of a skilled operator from
the normal 160 to 220 kg/hr using the variables previously mentioned in shrink film.
However at around 200 kg/hr the corona treatment unit became untreliable and thus
the machine could go no faster and reliably make good product. The training officer

estimated that the machine was capable of 240 kg/hr with a better treater unit.
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Wotk done to improve the corona treater was unfortunately unsuccessful,
Consequently the treater constraint stopped the Pro-t-con optimisation in its tracks.
The machine could go significantly faster than before at 200 kg/hr, however the
system for ensuting this was maintained was not in place. In this case then the
process stopped at step 6 of the 10 steps for process improvernent, howevet step 4

was again inadequate and the machine subsequenty fel} back to its old ways.
Observed result. 0% improvement in output.
Possible result. A 25% improvement in output from 160 to 200 kg/hr.

With a better corona treater. A 50% improvement in output from 160 to

240 kg/hr,

The possible improvements were again not realised due to the weakness of the
systemn for maintaining machine settings at their optimal level and the ability to

elevate constramts.

Machine 51 Amplas Wicketer

Wark on the high-speed bag making Amplas wicketer began with the development
of a recording sheet that included all the variables used by operators to set the
machine. Some of the important variables did not have scales on them and thus work
was done to develop measurement methods for these variables. (Fig 26) Step 2 of the
10 steps for process improvement. Operators were trained to colleet data off the
machines and this data was used to gain an understanding of the present situation i.e,

step 3.
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Figure 26: Measurement methods used on Machine 51

(E31111

The aim of the project was to improve total production off the machine whilst not
compromising quality. Thus a methodology for measuring the actual performance of
the machine along the output dimension was necessary. As the quality of a roll was
seen as a major factor in machine performance the number of bags made throughout
a roll, and the time it took to make those bags were used as the overall measure of

performance.

In conjunction with a skilled operator an increase in the number of cycles per minute
(CPM) from a previously believed maximum of 280cpm to 345cpm was achieved, a
23% improvement in output. It was clear that although the machine could run at this
speed it was impossible for the operator to keep up with it especially if it didn’t stack
the bags accurately. Discussion with the operators and the production manager
produced a standard of 300 bags per minute for the operators to run their machine
to on a day to day basis. The operators began to run the machine at this increased
speed and production went up, the machine was being exploited. The goal was to

slowly increase CPM as the operators learnt to run the machine at the higher speed.

Work was done to increase the number of bags stacked on an index so that operators

would have more time for packaging and thus be able to run the machine faster.
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This resulted in a shightly higher variable cost due to the requirement for more wires,
grommets and backing boards per thousand bags and was not justified in terms of
the increased output. In the mean time work was also done to improve the static
removal bars so that the bags would be able to stack more accurately. However as
this work was being completed the machine developed a worn cam on the sealer bar
that caused it to be tun at a speed of no more than 260 cpm. Although the machine
was subsequently fixed the opcerators had become used to the 260 cpm speed again.
Also changes to the management structure of the conversion team meant that the
responsibility for managing the shift was passed on to the skilled operators who had
originally run machine 51. This meant that less skilled operators would run the
machine while the new team leaders administered the shift. Thus the machine never
made it back to the 300 CPM that was achicved before. The constraints in this case
were the worn cam, the work practces and supporting processes involved in running

the machine.

In this case it was proved using simple prablem solving techniques that the machine
could be run significantly faster. However the situation in the departmient did nor
allow enforcement of the improved settings and thus things returned to their normal
state. Apain improvements made to the machine were not ongoing becausc of a poor

muintcnance program for machine settings.
Observed result, 0% improvement in output

Possible result. A 23% improvement in output from 280 to 345 bags per

minute.

Ligquipac
The aim at Liquipac was to optimise the GIN 1 machine to make wine cask bladders

as fast as possihle without deterioration in product quality.

Working with the operators from one of the two shifts the first step was to establish
methods for measuring the process (step 2). In the first cycle of improvement the
machine speed was increased from 17 bags per minute (BPM) to 21 BPM. A setting
sheet was developed for this product and thus the speed of 21 BPM was maintained,

despite some reststance from night shift.
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Previously if a seal was faulty the sealer dwell time would be increased, effectively
slowing the machine down. However there are in fact three factors that affect seal
strength (pressure, temperature and time). As the spout placement system was seen
as the constraint in the process, work was done to increase the heat of the elements
and thus allow a reduction in the dwell time. This reduced overall cycle time and

therefore increased output. Basically the constraint was exploited.

At 21 bags per minute the minimum dwell time had been reached, regardless of any
increase in heat, thus the elements on the spout placement mechanism had to be
upgraded to improve their heat transfer properties. Upon successful completion of
this constraint elevation exercise the machine will be re-experimented with and the
speed increased further. It is expected that the machine will be capable of 28 bags per
minute with the new spout placement elements. However a human constraint will
also be met at a speed of around 22 bags per minute as the spout placement
operators will be unable to keep up with the faster moving bags. The approach in
this case will again be to first exploit the constraint by improving the methods used
by the operators or by putting two operators on the job instead of one. It is likely
that this will be sufficient, however, if not, automatic spout placement may be

necessary.

In the course of working with the machine step 7 understanding of the factors that
most affected BPM was achieved, the best settings were developed (step 8) and a

constraint was acknowledged.
Observed result. A 23% improvement in output from 17 to 21 bpm.
Possible result. A 64% improvement in output from 17 to 28 bpm.

Though the initial plan was to use Pro-t-con for the analysis there was in fact no
need for it in this improvement project. Pro-t-con may have been able to suggest
“optimal” settings however in solving the problems of speeding the machine up, no
quality characteristics were jeopardised. Thus Pro-t-con would have had nothing to
do in suggesting settings that gave a speed of 21 bpm as the settings to achieve this
were already known. The improvement in this case was therefore due mainly to the
process of improvement and the fact that the machine was approached in a

structured manner. This improvement was also ongoing because of the existence of
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operators who were willing to wotk to sctting sheets and the commitment of

management to break constraints with small amounts of capital expenditure.

C22, Filmpac Syvdney

Machine C22 was approached at FFilmpac Sydney in order to demonstrate the 10-step
process improvement method and to train one of their staff in the use of DoE
methods for analysing the process. As usual early work was donc on defining
priorities (step 1) and establishing methods for measuring the process and the
priomty elements of product quality (step 2). Preliminary experiments were
undertaken to get an undesstanding of the machines capabilitics and to see where
opportunitics may lie for improvement. Filmpac Sydney alteady had a sctting shect
system in existence thus any improvements made could be recorded and reused latet
(step 4). The technical staff member knew how to suitably adjust the process (step 5)
and helped in the design of experiments (step 6). This experimental design and its
analysis are discussed in section 6.3 of this report. The machines air ting was
acknowledged as a constraint and plans were made to upgrade it when funding
became available. No other performance characteristics were of interest as these had

all been decided upon in the definition of priorites step.
Actual result: A 50% improvement in output from 8 to 12 m/min

The improvements were made through following the 10-step process improvement

method and maintained through the use of a good setting sheet system (step 4).

4.1.2: SUGGHSTED IMPROVEMENTS TC THE 10.8TEP METHOD

The results of the above work from a plant management viewpoint were not great, as
its cffect on the Filmpac plants actual outpur was negligible. The Ten-Step method
for process improvement can be seen to have worked well in terms of increasing the
run speed of Filmpac and Liquipac machines. However withour the provision of
methods for securing process settngs these improvements were seen to be transient.
It is clear that the method described above helps to increase the output of a machine
in terms of its CPM or kg/hr and tools such as Pro-t-con can be helpful in this

tespect. However the useful effect of improvements in machine output to the
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company must be measured in terms of the average output of the machine over time
as this has been shown to vary considerably from run to run. In order to improve the
average speed of a machine it is necessary to ensure that optimal settings are used for
all future runs of the product. So it is one thing to optimise a machine for output but
quite another to ensure the work improves the average output of the machine over
time. The development of methods for ensuring improvements in the average output

from a machine (step 4) shall be the focus of the next section (section 4) of this

report.

The skilled staff necessary to aid with experiments (step 5 of the 10 steps) were often
unavailable. Filmpac’s labour force was heavily utilised and thus the staff, which
would have been used for helping to adjust the machine, were often utilised
elsewhere. An attempt was made to get skilled operators in “off shift” to do
experiments and a variety of options for this were considered unfortunately however
nothing eventuated. This element requires further focus and a commitment of
operator resources as successful experimentation depends upon skilled staff for

machine stability.

Another weakness was in the decision-making process used for constraint elevation
exercises. The lack of commitment by AEP to invest small amounts of capital to
improve their processes was frustrating and may have been due to a weakness in the
accounting methods used for measuring the effect of process improvements on
profitability. Goldratt 1992 suggests the use of Throughput Dollars for quantifying

the increase in company profits due to an improvement in throughput.
Delta profit = Delta T - delta OE
Where: T = Throughput * margin = throughput dollars

OE = Operating expenses.

This would have allowed cost benefit analyses to be undertaken to decide whether
constraints should be broken or not. It would therefore have been relatively easy to
justify minor capital expenditure for breaking constraints this could have been
expected to improve the probability of these elevation projects being undertaken.
The absence of this element in the ten-step system may have been partly to blame for

the blockages experienced with constraint elevation exercises throughout the project.
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5.0-SETTING SHEET SYSTEM
AT FILMPAC

This section describes the system used for helping Filmpac o ensure the settings used on
their machines were secure i.e. step 4 ot the 10 steps for process improvement proposcd
in section 3. Step 4 relates to level T ot Upton’s process improvement framework {Upton

[998b] and stages 4 and 3 of the stages of knowledge deratled by Barnes.

3.1 SETTING SHEET SYSTEM

Filmpac makes over 1000 products. A svstem was therefore necessary to ensure setting
sheets were produced, distnibuted, used and updated tor ail products. In order to store
setting sheets tor all these products a database was deemed necessary, The overall svstem

and supporting database are shown below 1o figure 2

Figure 27: Setting Sheet System
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The starting point for the development of setting sheets is with the operators, so this is
where the process shown above began. The major focus of the eatly part of the system’s

development was therefore on the ability of operatots to collect data.

5.1.1: ENVIRONMENTAL CONSIDERATIONS.

At the outset of the project the salesman for Pro-t-con made it clear that there were owo
paths that could be taken in the application of Pro-t-con. The first was to target specific
products and attempt to optimise them one by one. The second was to concentrate on
the development of a system for collecting Pro-t-con data so that enough data would be
available to optimisc all products at some point, At the time [Filmpac had no system for
collecting data or producing setting sheets so this was seen as an oppottunity to combine
the two into a comprehensive setting shect and optimisation system. Without a setting
shect system, oprmused settings would be impossible to save, so basically knowledge
would be created but not kept for future use. It would therefore be very difficult to build

the company’s knowledge base, as prior knowledge would not be explicitly recorded.

A scring sheet systemn existed before Filmpac changed its accounting syvstem from
BPICS to MFG Pro. When MFG Pro went “live” all product irem codes were changed
and the link between the old BPICS item numbers and the new MFG Pro item numbers
became too hard to follow. Filmpac’s training officer had developed setting sheets in
Quattro Pro, that applied to the old BPICS item numbers, however there was no
organised systern for updanng them. Often setting sheets were not revised for a number
of vears, in which time the machine and materials had normally changed enough to
render the old settings inaccurate. There was also no way to know whether a setting sheet
existed for a specific product except by searching for it. The operators were not
compelled to use the setting sheets stored 1n the computer and these settngs were often
ireetrievable by the mostly computer illiterate operators. Thus in most cascs a supervisor
had to retrieve the setting sheet, if it existed. In the past operators had been encouraged
to collect data on their machine settings to get them to take more nouce of the machines
running conditions. The data produced through this was generally however unused
except for occasional problem solving. Both of these efforts were to a large extent
optional as far as operators were concerned and as there are always many other

“important” things to deal with in the plant their use was rare.
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It quickly became clear that many products simply didn’t run for long enough to produce
the data necessary to do a Pro-t-con optimisation. Also in order to get suitable variation
in the process to quickly explore the operating envelope the machine needed to be
adjusted by the operator to different settings during a normal run. This was against their
instincts, as an operatot’s main responsibility is to keep the machine running smoothly in
order to avoid scrap and down time. Playing with the settings of their machine was seen
as likely to cause problems and thus make their job more difficult. Also with the low skill
level of many operators they seldom knew which variables to adjust in order to make an
improvement. An attempt was made to get supervisors to do the trials as they did their

rounds during the day and this was also unsuccessful for similar reasons.

5.1.2: PRO-T-CON RECORDING SHEETS

In order to produce setting sheets it is important to be able to measure and record the
factors that operators use to set their machines and the effect these have on the process.
Methods for this were discussed in Section 3. The methods developed were compiled
into recording sheets for each machine and used to record data on the key parameters
affecting the machine. These recording sheets were developed with the help of previous
setting sheets, supervisor and training officer input and through an investigation of each
machines settable variables. They were essential for saving the knowledge produced by

each shift and,

1) Include a section that records inputs to the process such as machine factors and
raw materials.

2) Include a section that records outputs of the process such as quality
characteristics of the product produced and machine performance.

3) Cater for three sets of readings per 12-hour shift and have a column for
suggested machine settings.

4) Are easy to follow around the machine to allow the operator a natural
progression from recording point to recording point.

5) Are pink in colour so that they are easily recognised among the other papers on
an operator’s desk.

See appendix E for examples.
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5.1.3: THE OPERATORS ROLE

Operators were required to collect dara on the settings and running condition of their
machinc using the Pro-t-con recording sheets developed for each machine. In order to
achieve this cach operator had to know their way around the machine i.e. know what
settings need to be recorded and where to find them. Initially it was assumed that
operators were familiar with their machines and that they could record the necessary data
with a small amount of group instruction. Poor performance in data collection carly on
suggested otherwise. Thus a training program was developed so that each operator could
be individually shown through the recording sheet for the machine they spent most time
on and given a scote to relate to their ability to do each part of the job. This was very
successful and a significant improvement in the quality and quantity of collected data was

noticed.
The operatots responsibility to the overall system requites that they
1y Set up their machine as detailed by the setting sheet,

2y Record the actual running conditions of the machine on the setting sheet and be
able to jusufy differences between the setungs they used and those on the setting

sheet.

3) Aim to improve the performance of the machine in terms of output/quality and

record improvements on their setting sheet.

4) Hand the completed settung sheet to their supervisor at the end of each shift.

5.1.4: THE SUPLRVISORS ROLE

The supervisors role in the plant is to make sure machines are runming smoothly Le. help
with start ups, trouble shoot, support operators in their dav to day actvites and ensute
quality standards and specifications are met. They also report on the daily performance ot
their department to the production manager through a shift report that is discussed at a
daily producton mecting. In teyms of the process improvement system they should,

1} Check that operators set up their machines to run at the specified settings

2) Discover why, if it 1s not possible to run the machine at these sctungs
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3)

4)

5)

0)

7)

8)

Take measures to remedy this with the operator.

Address maintenance and manning issues that become apparent with the
operating conditions, e.g. if settings are not achievable because of a machine fault

the machine should be fixed.

Aim to continually increase the output of each machine and the quality of every

product.

Update sheets with new settings should improvements be made or conditions

change.

Ensure all operators fill in their sheets for the day and record this on the Shift

Report for presentation at the daily production meeting.

Pass the filled in sheets to the administrator.

5.1.5: THE ADMINISTRATOR

The system administrator is a person skilled in the process and is in charge of making the

system operate smoothly. He must be competent on a computer and able to perform

optimisation experiments when necessary. It is his responsibility to

)
2)
3)

4)

5)

Ensure new and improved settings are entered into the database for future use.
Check the validity of the new settings.
Conduct Pro-t-con optimisation trials on important products.

Defend the project, encourage continued use of the system and develop it as

necessary.

Report to management on issues concerning the success of the system and

specific improvement projects.

5.1.6: WORK ORDER SYSTEM

The concept of a work-order was discussed in Section 1. The machine setting sheet is a

new development to the work-order system and comes out automatically, on a separate

setting sheet, with the work-order. So the operator knows what materials to use, the
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product specification and the machine settings to achieve it, He should therefore have all

the information he needs to run the machine suceessfully.

517 TTHE DATA BASE

The database was developed in Progress (MFFG Pro is wiitten in Progress) and was
designed to hold setung sheet data against item codes and machine numbers. Work-order
and setting sheet data from Progress is downloaded daily to a Sequel database, which is
accessed by the company’s work-order print software, It is simply a storage space for
sctting sheet data but being in MFG Pro is accessible to anyone in AEPNZ. who is given

access to the necessary fields,

5. 18 IMPROVING/UPDATING SETTING SHEETS

It could be argued that the enforcement of sceting sheets might reduce the operators’
opportunity to develop settings for themselves and thus reduce mnovation in the plant,
Likewise it could also be argued thar without suitable control over the sertings used by
operatoss 1t 1s likely that varaton in settings and thus product will continue unchecked.
Also in the rapidly changing manufacturing environment at Filmpac using DoE or Pro-t-
con to improve machine settings may take too leng to react for all but the longese
cunning products. It is therefore necessary to achieve a balance berween control,
skilled/experimental innovation and reaction time in improving machine scttings. It must
be accepted that it is neither practical nor worthwhile to engage in significant
experimentation with all of Filmpac’s products as there ate simply too many. Also
because of the varfation 1n run length, product specification, machine constraints ete. it is
impossible to set hard and fast rules for the decision as 1o whether a product gets special

treatment such as DoFE/Pro-t-con for its optimisation.

The depth of involvement in setting sheet improvement 1s dependent upon the skill of
the person undertaking the work., Generally operators will be invelved with iteranive
improvements to output, roll quality, creasing and other easily measurable responses.
Thev will therefore be most interested In process factors such as Ime speed, extruder

rpm, air ring speed and the winder i.c. factors that directly affect the stability of the
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process. More radical improvements such as the reduction of port lines, improvements in
film strength or product performance will need the involvement of the system
administrator or training officer as this is likely to involve changes to temperature profiles
the effects of which are not as easily measured or understood. The everyday
improvement of settings will therefore be operator driven, with strong involvement from
supervisors to ensure that product remains in specification. The system administrator
with the intention of using DoE ot Pro-t-con for their optimisation will approach

products that are seen to have significant opportunity for improvement.

Because of the variation in skill level apparent at Filmpac it is likely that the more skilled
operators will endeavour to improve the settings they get more than the less skilled
operators. Attitude will also be a factor as some operators are more likely to use setting
sheets than others, various skilled operators are known to be very poor at following
instructions preferring instead to work it out for themselves, often to their detriment.
These innovators are, by experimenting, more likely to produce good settings, however
they are also prone to having very bad days as well. The discipline of starting their
machine to known settings will help them by reducing the overall variation they produce

in the machine.

5.1.9: THE ROLE OF PRO-T-CON

Pro-t-con fits into the setting sheet system as a tool to be used for speeding up the
improvement process by encouraging work up to stage 8 of the 10 steps for process
improvement. It will be used on products that are seen to be most important to the
company’s business strategy. Examples of such key products are Butterwrap, Bread Film,
Palletfast and Shrink Film. These shall be optimised in order to ensure exploitation of the
potential of the machines they are run on. Settings developed by Pro-t-con will be tested
on the machine and if successful subsequently entered into the setting sheet system to be

used on future runs of the product.

The inclusion of Pro-t-con in the above system will enable Filmpac to move from level 1
to level 2 [Upton 1998b] and develop up to stage 6 knowledge of their processes [Barnes
1997b].
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5110 EXPECTED BENEFITS OF THE SYSTEM

The combination of these steps to form the system described above will conspire to

remove a significant special cause of process varation (machine settings) across the

machines and serve to improve the ability of operators to set their machines up correctly.

This will position Filmpac at stage 4 of the 10 steps for process of improvement, level 1

of Uptons levels of involvement and at stage 5 of Barnes’s stages of knowledge.

The cxpected results of this are,

y

2)

8)

A reduction in the variation in process performance from run to run of the same

product.
An improvement in average machine output for each product

Better utilisation of the company’s resources through exploitation of machine

constraints.
Happier operators as setting up theit machines becomes easier,
Lower scrap and down time due to poor set-ups.

Tiasicr planning as variation in output reduces and standards are more easily

developed.
Continual improvements in all of the above factors as settings get better over dme.

Constraint elevation possibilities will be more easily recognised.

The combination of these will enable Filmpac to be more competitive and profitable in

the flexible packaging market.
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5.2 IMPLEMENTATION OF THE SYSTEM

When presenting a new system to a group of people heavy resistance can be expected
from those that will need to change but can’t see the benefit of that change and nothing
but “luke warm” support from those who can see the benefits. Because of this it is
essential to convince everyone involved of the benefits the change will offer them and
then get them involved in its implementation. This was achieved through training the
operators in the system and by encouraging peoples’ issues to be bought to the student’s
attention before they became problems. Authors suggest that without the support of
supervisors, improvement initiatives that involve their staff can be severely hindered.
Production supervisors were therefore the first to be involved and trained in the system
so that their support was gained and they could spread their knowledge and correct

problems early.

5.2.1: SYSTEM MEASUREMENT

The system described above is only as good as its weakest link. If any part of the process
fails to perform then its integrity will suffer. For this reason it is essential to have the
support of management and co-operation from each of the individuals involved in the
system i.e. the operators, supervisors and system administrator. Brooks 1995, suggests
that “What gets measured gets done” as operators are unlikely to undertake extra tasks if
no one is going to check if they have done so or not. Methods for measuring the
performance of the system therefore need to be developed so that management can see

how well the system is working and know when to intervene.

Shift Report

The shift report was developed from the previously existing “shift scrap report”. The
new shift report is filled in by the supervisor and contains a column for recording
whether operators have handed in their Pro-t-con sheets. Shift reports are discussed at
the daily production meeting usually to discover the causes of excess scrap, poor
production or poor quality. The number of completed setting sheets is now also

discussed at this meeting and the operators who have not completed sheets without good
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reason are reprimanded by their supervisor. Herein lay an opportunity to also measure

other key performance indicators (KPI's) such as
1) The proportion of work orders that come out with setting sheets.
2) The percentage of operators that set their machine to the sctting sheets.
3) The number of improvements made to the setting sheets.

The system adminiserator will be responsible for ensuring that these KPI’s are available
to management and if a drop in performance is noticed then appropriate action can be

raken by the production manager to remedy the problem.

Reward System

A reward system was proposed for operators who consistentdy improve their machine
settings. Each rme an operator makes an improvement to their process a thank you note
will be put forward for the “emplovee of the month prize”. This will encourage further
patticipation with the system. The system administrator will be responsible for its

organisation,

Managernenr Commitment,

An initial milestone of the project was to finish implementation of the setting sheet
darabase by August of 1999, This was however not possible as the consultants nccessary
o develop the two parts of the system were not available to work full time on the project
and had other commitments that wok precedence over the project. Had the database
been ready in 1999, then there would have been ample time to test the effect of the
system across a vatiery of Filmpac’s products. However for various reasons the darabase

only became fully operational at the end of the projectin June 2000.
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5.3 TESTING THE SYSTEM

5.3.1: MEASURING THE IMPROVEMENT IN PERFORMANCE DUE TO THE SYSTEM

A true measure of improvement in factory performance might be an improvement in the
profit made by the company. However many other initiatives and competitive factors
that affect company profits are active at any one time. The effect of this project would
therefore be difficult to distinguish from the effect of other factors. Thus a search for
less obvious measures that everyone agrees will help the company do business more

effectively is necessary.

Many authors use process capability (C) to measure the effect of specific process
improvement endeavours. This is a good metric as it measures the ability of a process to
maintain specification in terms of its average and variation. In the situation at Filmpac
this would work on some of the quality dimensions where a target specification is set
such as film thickness or impact strength. To be comfortable with a C, calculation it is
necessary to be able to demonstrate that the process is in statistical control [Statistical
Methods for Quality 1997]. Unfortunately the processes at Filmpac were not in control
in terms of the dimension this project aimed to improve i.e. machine output. Also in
order to establish a C,, value a specification is needed, in terms of machine output this
was not available. It may have been possible to arbitrarily set a target as well as lower and
upper spec limits for machine speed as this would allow C values to be calculated.
However it would not be fair to compare one set of data with another in terms of their
ability to meet a specification that neither were aiming for in the first place. Consequently
process capability is not a suitable measure of process performance for the situation at

Filmpac.

The measure chosen for this project was the recorded actual machine output and its
variation, for each product. It was assumed that an improvement in the average speed at
which a machine made product and a reduction in the variation in this speed would allow
the company to make product faster and more predictably. Historical information on
machine outputs and scrap levels and other KPI’s was available for analysis and
frequently updated so that emerging trends were visible. An IT consultant was
commissioned to establish a report from MFG Pro, Filmpacs accounting database, so

that this would be possible.
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5.4 RESULTS

Work was done on machine 9 to increase and stabilise actual output from the machine by
serting a standard machine speed (kg/hs) to run it too. Actual machine outputs were
calculated with data taken from the companies accounting data base, MFG Pro, and
relate to the total quanaty of product made divided by the time taken to do so. The effect
of having the machine run at a standard speed was cxpected to have a similar effect on
actual output as the use of setting sheets would have on the whole product. The graphs
below (Fig 28 and 29) show the difference between finished product output out of

| Machine 9 from July 98 to July 92 and the six months from Auguast 99 to March 2000.

Figure 28: Machine 9 output for Hand grade products before and after

standard run speed was set.
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Figure 29: Machine 9 output for Machine grade products before and after

standard run speed was set
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Because of the possibility of the Hawthorne effect, Machine 6, another machine that runs

a single type of product (Butterwrap) long term was also analysed for its output over the

same period.

Figure 30: Machine 6 output for products over the same time periods as

figures 28 and 29
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Table 3 A comparison of the output from Machine 9 against Machine 6

© 1998 Output
® 1993 Output

Machine 9 Machine 6
Hand Grade Machine Grade Butterwrap
7/98 to 7/99]8/99 to 3/00 | 7/98 to 7/998/99 to 3/00 |7/98 to 7/99|8/99 to 3/00
Average Output 109.48 127.09 133.04 141.04] 127.71 125.4
Standard Deviation 33.01 19.31 20.89 17.2 16.08 15.64

Machine 6 shows a similar issue to machine 9 with output variation from run to run of

the same product (fig 30). In this case however it is not possible to suggest that there has

been a significant improvement in average output over this time nor is it possible to see a

significant reduction in process variation.

It can therefore be concluded that the improvements seen in Machine 9 are due to the

factors unique to it over this time. It can thus be postulated that this was due in large part

to the fact that a standard output was set for the operators to achieve during the period

from July 1999 to March 2000. From this, it can be suggested that the implementation of

the proposed setting sheet system will have a similar effect on all the processes at

Filmpac.
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54.1: FINANCIAL EFFECT OF THE RESULTS

Filmpac does not have methods that enable them to calculate the effect of such
improvements on the company’s bottom line. However two methods do exist for this
the first is to do with the improvement in earnings due 1o increased output. This was

prescnted by Goldratt and assumces that the extra product can be sold.

Deltaprofit = Delta T - delta OFE

Where T = Throughput * margin = throughput dolars
OF = Operating expenses.

Operating cxpenses at Filmpac have not increased due to the project therefore the

mcrease in profit = increase in throughput * (selling price - direct costs).

The second method was presented by Taguchi and is known as the Taguchi loss
function. This quantifies the cost of product variation to a company in terms of its effect
on business profitability. In this case the “higher is better” loss function was used 10
calculate the effect of the reduced standard deviation. Unfortunately the loss function
formula was not suitable for application to this situation beeause calculaton of the term
k requires the existence of a specification and a cost due to being outside thar
specification, This 1s not the case with machine ourpur as there is no output specification
and the cost, which would be in upsetting the customer by being late, could not be

quantified.

However there is an obvious increase in average output across the two machine 9

product ranges, so using Goldratt’s throughput equation these produce the following,
Hand Grade: 127.09 — 109.48 = 17.61 kg/hr * margin * hrs/yr. = 346285 /vr
Machine Grade: 141.40 — 133.40 = 8.0 kg/hr * margin * hrs/vr. = 349076/ yr
Where margin = Selling price — raw matenal cost

This equals an increase in earnings of $95361 over a year for the two product lincs
providing this additional product can be sold, a likely seenario in the casc of Palletfast as

it 18 a commodity product,
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5.5 DISCUSSION

Although not all of the results from Machine 9 were statistically significant at the 95%
level of significance in many cases an improvement in the average speed and a reduction
in the spread of the machines output can be clearly seen. This is likely to be due to the
fact that on Machine 9 standard machine speeds were set for both hand and machine
grade films. These machine speeds were agreed to by the operators and policed by the
supervisor’s daily. At the same time dedicated operators were assigned to the machine on

a 12 hour rotating shift pattern and made responsible for the machine’s production.

Significant variation in skill level between the four operators however still existed and
this is likely to explain part of the residual variation in actual machine output. Also
peripheral machinery such as the trim recycling “Exact” unit consistently caused
problems and thus scrap and down time resulted. Again better operators were less
affected by this. The remaining variation is likely to be due to run length, product mix

and reporting errors.

These results are encouraging and Filmpac can expect the setting sheet system to have a
similar effect throughout the other products in the plant when fully implemented. The
setting sheet system should achieve this by making operators run their machines the best
way previously seen every time. This will solidify high average machine outputs so the
speed at which product is made and the quality of this product will improve.

Consequently a major cause of variation in output and quality will have been removed.

If similar results to those off machine 9 were realised across all the machines in extrusion
then the increase in profit could be in the order of a million dollars a year, provided all
additional product could be sold. This would significantly improve Filmpac’s competitive

advantage and long term viability.

Unfortunately the setting sheet system was not fully implemented in time for direct
analysis within this thesis. It would have added significant rigor to the project to have
demonstrated an improvement in machine output and a reduction in variation across the
company’s product range however this was not possible within the time available. Had
the analysis of the improvements possible due to standardised settings been available
earlier it may have encouraged the support necessary to complete development of the

setting sheet system in a more timely fashion.
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6.0-ANALYSIS OF PRO-t-CON

6.1 TESTING PRO-t-CON USING KNOWN DUMMY PROCESSES

6.1.1: NON LINEAR PROCESS

In order to test Pro-t-con’s ability to analyse the relationships between variables in a
process, a dummy process was developed in Microsoft Excel. In this way known
relationships between each factor and the results could be tested. A dummy process
allows the experimental design and number of runs to be varied much more easily than in

a real process. Also the process can be changed to see what effect this has on the results.

The dummy process developed here included ten factors with formulas used to calculate
the relationship between each factor and the result. A variety of relationships were used
including an exponential, a square law, a two-way interaction and a number of linear

factors of different strengths. The formula was,
e* + B>+ C + D*5 + EX0.01 + (F*G + F) + (F*G + G) + H + I*2 + J*3 = Result

An element of error was introduced to each of the input variables to imitate the errors
inherent in a real life process. This was designed to affect the results in a way dependant
upon the levels of each factor e.g. " became e**“™? and B* became (B + error)”. So the
effect of the error term on non-linear factors increased with the gradient of their graphs

whereas the linear factors were unaffected by it as they had constant gradients.

Treatment combinations were generated to give a variety of different combinations of
each factor. Usually in a Pro-t-con type of experiment the process would be adjusted to
try and get as close as possible to the targets. In this case the aim was to test whether
Pro-t-con could independently achieve a series of targets from the raw data. The
experiments were thus done without a prior knowledge of the targets as this may have
produced data closer to these targets, making it easier for Pro-t-con to achieve them.
Therefore the runs were developed to suitably explore a variety of the possible

combinations of the ten factors without concern for the actual result.
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Thiee original data sets were developed by
1) Creating a range of possible settings for each of the 10 factors
2) Spteading these ranges across 70 experimental runs

3y Randomising the order of each factor’s settings to create 70 random treatment
: g

combinations (runs) of the ten factors.

4) Step 3 was done three times to produce the three sets of treatment combinations
{data sets) containing the same numbers but in three different random

combinations labelled 4.1.1, 4.2.1 and 4.3.1 respectively.

Lixperiments were done with these data scts by putting each through the dummy process
in Exccl. This was done ten times for each data set to produce ten replicates for each
run. The average and standard deviation were then calculated for each lot of 10

repheates.

The treatment combinadons and resulting average and average/standard deviation for
cach run were then put into the form necessary for importing into Pro-t-con. At this
point the order of the rins in cach data set was randomised to create 4.1.2 from 4.1.1,
4.2.2 from 4.2.1 and 4.3.2 from 4.3.1, The pairs of data scts were therefore exacdy the
same except for the order the dara was presented to Pro-t-con ie. they conmined exactly
the same treatment combinations and the results of the runs were the same, the only

differcnce was the order the runs were presented.

Two sets of experiments were therefore done on each of three data sets to produce six

sets of data, (4.1.1,4.1.2), (4.2.1,4.2.2), (4.3.1, and 4.3.2)

The settings and results from each data set were then imported into Pro-t-con and a
variety of average and average/standard deviation tesults were targeted in the Pro-t-con
analysis. The scttings produced by Pro-t-con and the predicted results were recorded
from the optimised settings/results screen in Pro-t-con and the settings for cach set of
targets were put back through the dummy process as a new set of runs. These runs are
shown in table 4. The “Targets” row shows what Pro-t-con was asked to achieve. The
“Prediction” row shows what Pro-t-con said the scttings it had developed should
achicve. The “Actual” row shows whart those settings actually achieved when put back

into the dummy process formula.
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Model Information

- No tolerances were given to the targets and both were set as priority 1.
- A 10% pull factor was used in the model.

- The calculated Model Variability is recorded in table 4 (see appendix F) under “Model”

and next to each target for each set of experimental results.

Results
Pro-t-con was used to analyse each data set for the effects of each factor on the two

responses. (Figures 31 to 36)

These three sets of graphs show Pro-t-con’s analysis of the relative effects of each factor
in the process for each data set. Minor differences between the results of an analysis
where the experiments undertaken were different might be expected and this can be seen
in the different effects between the six pairs of graphs above 1e. the 4.1, 4.2 and 4.3
sertes’. However not only is there variation between the different data sets there is also
some variation within each pair 1.e. between the graphs when the only change was in the
order that experiments were done. This causes concern as to the reliability of this analysis

as the same data, whatever its order, should be expected to produce the same results.

Figure 31: Factor effects for Average and Average/ Standard Deviation (4.1.1)
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Figure 33: Factor effects for Average and Average/ Standard Deviation (4.2.1)




Plackett Burman

In order to check the above factor effects a 12 run Plackett Burman experiment with 2
centre points was done to analyse the process for its factor effects again. Minitab was
used for the design and analysis and the same dummy process was used for generation of
the responses. The Plackett Burman is usually used only as a screening experiment and its
rigor is thus questionable when interactions exist. However it does produce results at the
same level of resolution (i.e. single factor effects only) as Pro-t-con and is thus useful for

comparison.

Figure 37: Plackett Burman factor effects for Average and Average/Standard

Deviation
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Figures 31 to 36 compare well with the results of the experiment shown above in figure
37. This suggests that Pro-t-con has produced a reasonable though varying prediction of

the effect of each of the variables on the Process.

It is possible to see from the graphs above that the variables, which heavily affect
average, do not heavily affect average/std deviation and this is what was expected from
the formula. Pro-t-con should therefore be able to adjust the variables that affect each
target almost independently. It should then be relatively easy to optimise the process for

average and average/standard deviation at once.
A table of the results of each of the 6 data sets is presented in appendix F, table 4.

It can be seen from table 4 that not only has Pro-t-con analysed each pair of data sets for
different factor effects (i.e. 4.1.1 differs from 4.1.2 etc.) it has also proposed different

optimal solutions to the process for each of them.
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The optimal settings developed by Pro-t-con when put back into the dummy process as a
check (Actual values) also differ significantly from Pro-t-con’s prediction of the results

these settings should produce.

Irial and Error Results

A series of mial and error runs were done, using the knowledge gained through the above
cffect plots to tune the process, so as to prove that it was capable of achieving the set
targets. See appendix F, table 5 for the data. The two trial and error runs (A and B) for
cach set of targets bracket those targer wvalues, cxcept for 2000(average) and

300(average/std deviation) which were just not achievable in the process.
The results of the Pro-t-con optimisations and the trial and error work were summarised

into figures 38 and 39.

Figute 38: Deviation between Pro-t-con’s prediction, targets and actual results
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% Deviance

Figure 39: Deviation between Pro-t-con’s prediction, targets and actual results
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(Predicted — Actual) bars suggest the ability of the Pro-t-con model to correctly predict

the process.

Figures 38 and 39 again illustrate the variation between data sets, however they also show
that Pro-t-con was inaccurate when developing suitable settings to achieve the target
results. In fact the average performance of Pro-t-con was significantly poorer than that of
the trial and error method (labelled TnE in figs 38 and 39) for developing settings that

would approximate the chosen targets.

This could have been because with Pro-t-con using only linear regression, 10% pull
adjustments of the non-linear factors could have caused it to deviate too much from the
actual response for the Pro-t-con model to be accurate. Consequently further Pro-t-con
tests were done with the same data and a changed Pro-t-con pull % to see what effect

this would have on the results. Results of these experiments are shown in figure 40.
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Figure 40: Deviation between Pro-t-con’s prediction, target and actual results
for different Pull % (Average, Average/Standard Deviation)
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The first and third bars show how far Pro-t-con’s predictions were from the targets (see
appendix F. The second and fourth bars in each group show how far the actual results
were from the tatget results, So the pull % scems to have a large influence on the
accuracy of the scttings produced by Pro-t-con, the results it predicts and the accuracy of
those results. This suggests that when dealing with a non-linear process it is inappropriate
to use a high pull %. In figure 40 the pull % that enabled Pro-t-con to best predict the

process was 10% 1.c. the pull % used in the earlier analysis.

This suggests that Pro-t-con does not develop settings that are able to accurately produce
the target results that were asked for in the above analysis even though it was possible in

four out of the five cases to do so with the trial and crror technique.
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6.1.2 ALL LINEAR DUAALY PROCESS

Although the process analysed above was a reasonable imitation of a real process Pro-t-
con does only use linear regresston for ies analysts, It was therefore decided that perhaps
non-linear factors were outside of Pro-t-con’s capabilities. A new process was thus
developed wsing only linear factors to see 1f Pro-t-con could discover the main effects
and achieve the destred targets better than it bad previously.

In this case the error generator was removed and the two responses were made
completely independent of cach other, Le. response ABCDELD was affected by factors
ABC DI and T only and PQR by factors P and R only, factor X had no effect on
cither response. Pro-t-con should therefore be able to alter them mdependenty to

achicve the target results.

Figure 41: Factor Effects for ABCDEF  Figure 42: Factor Effccts for PQR

Pro-t-con was again able to accurately analvse the process and correedy discover the

factors that atfected cach of the responses. (Figures 41 and 42)

Similar experiments were done with this process across the same range of data as with
the pon-linear experiments. A variery of targets were sought with Pro-t-con and the
scrtings fed back into the dummy process. Imtal experiments were done to see which

pull % gave the best vesults, graphs of these are presented in figures 43 and 44
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Figure 43: Deviation between Pro-t-con’s prediction, target and actual results

for different Pull % (ABCDEF)
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the model developed with 10% pull scems to have predicted the process most

accurately (Actual-Pro-t-con prediction) when both responses are looked ar, so further

cxperiments were done with 2 10 % pull model.
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Model information

No tolerances were given to the targets and both were set as priority 1.

10% pull factor was used in the model. Variability = 100% on both ABCDEF and PQR.

The results of this experiment are summarised in Table 6 for each of five different targets

Table 6:

Linear Model Settings, Targets, Actuals and Predictions

A 1 7 2.068 3.768 1.602
B 20010 20080 20010] 20016.9 20090
C 87.96 80 27.372 10 92.16
D 863.717 170 82.263 10 900
E 1 14 1 22 21.998
& 1 14 1 22 18.198
P 13.748 4 -0.344 14 14
Q 130.805 120 181.097 150 130
R 0 35 74.56 40 0
X 900 90| 791.785 150 900

Actual (ABCDEF) | 3203.937 3000.8] 1216.347| 1016.969| 3487.21
Protcon Prediction | 3145.764| 3001.112| 1138.918| 1024.691| 3457.437

Target 3000 3000 1000 1000 3500
Actual (PQR) 379.065 170]  166.765 70 370
Protcon Prediction 397.956 170 197.921 74.887 339.823
Target 400 200 200 100 300

The average deviance of the actual results from the targets and predictions was plotted

next

to trial and error results to show that the process was capable of reaching the

targets. (Figure 45)

Figure 45: Deviation between Predicted, Actual and Target results vs. Trial

and Error
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Figure 45 shows that the Pro-t-con optimal solutions and the results that were produced
with the Pro-t-con settings again differ from the targets but not as badly as they did in
the non-linear process. However the trial and error results show that the process was in

tact capable of meeting the desired targets,

So it is clear in this case that Pro-t-con was successful in correctly modelling the process,
however it failed to adequately adjust the process settings to achieve the desired targets.
It might have been expected that, as the process was linear and targets were
independently achievable by the process, they should have been independently achievable
with Pro-t-con, however this was not the case, even with the freedom to change control

factors over a large pull %.

Passible reasons for this poor performance shall be discussed in section 6.5.
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6.2 PALLETFAST STRETCH CLING FILM OPTIMISATION (CASE STUDY)

Stages 1 to 5 of the 10-step process improvement method used to guide this case study

were described in section 4 of this report.

6.2.1: EXPERIMENTAL DESIGN

A 12 run Plackett Burman screening experiment with 2 centre points was developed in

Minitab so that the variables thought to have the most effect on SCF could be analysed

for their individual effects.

Table 7: Plackett Burman experimental runs (machine 9)

l_ 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Zone 1 180/ 180f 180f 180 170 160] 160] 160 180] 160] 160[ 170| 180| 160
Zone 2 220) 180 180] 220 200f 220( 180f 220] 220( 180] 220f 200/ 180] 180
Zone 3 180 200{ 180f 180f 190/ 200] 200] 200f 200| 180f 180| 190| 200{ 180
Zone 4 200) 180 180] 200/ 190/ 180[ 200f 200| 180f 200| 180f 190f 200/ 180
Screen 190 190 210f 210f 200) 210] 210] 190f 210] 210f 190f 200] 190f 190
Block 200) 200] 230] 200] 215| 200f 200f 230] 230f 230] 230 215] 230| 200
Die 210f 240) 240| 240| 225| 210/ 240] 240] 210f 210] 240] 225] 210] 210
|PIB% 45| 45 4 4] 4.25 4 45 4] 45| 45 45| 425 4 4
Output 210) 210] 210] 190] 200f 210f 190f 210] 190( 210] 190/ 200f 190] 190
Frost Li 700] 500] 700] 500] 600f 700f 700] 500f 500f 500| 700] 600f 700/ 500

The experiments in table 7 were run and Pro-t-con recording sheets filled in for the
machine conditions present after each set. Sample rolls were saved and tested on the test
rig. The results of the tests were recorded in excel and then transferred to Pro-t-con and

Minitab for analysis. Results are shown below.

Pro-t-con
In order to get the 30 experimental runs necessary for a Pro-t-con optimisation, the data

set was replicated. The following graphs are the results of analysis with Pro-t-con, DoE

and Multiple Regression.

Figure 46: Pro-t-con Analysis of the factor effects on Corner and Flat Strength
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Figure 48: Multiple Regression Analysis of the factor effects on Corner and

Flat Strength
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A compatison of figures 46 to 48 shows that Pro-t-con’s analysis and Minitab’s Plackett
Burman analysis using the same data have produced very similar refative effects to each
other. The general inear models in figure 48 have also done a similar job in ranking the
variables In terms of their effects. However relatvely speaking the general linear model
has sugpested a much stronger relatonship between “block™ and corner strength than

the other methods.

This compares well with the results of the dummy process work azbove and again
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suggests that Pro-t-con is capable of correctly analysing processes for their factor effects.

6.2.2: CONFIRMATORY EXPERIMENTS

Pro-t-con suggested the following optimal settings and predicted results from its analysis
above. Further work was therefore done with 20 micron Palletfast in order to confirm
that the settings below achieve the expected results. The old settings previously used on
machine 9 are presented next to two sets of Pro-t-con optimal settings (1 and 2), one at
190 kg/hr the other at 200 kg/hr. 1* and 2* are two of the 14 raw data sets used in the

Pro-t-con analysis.

Table 8: Settings and results from Pro-t-con compared to the old settings and

actual columns from the raw data

Old 1 1% 2 2
ZONE 1 170 161.99 160 160 160
ZONE 2 200 219.45 220 200 220
ZONE 3 190 180 180 180 180
ZONE 4 190 180.24 180 180 180
SCREEN BLOCK 200 210.01 210 210 210
SCREEN CHANGER 24 24 24 24 24
SCREEN ADAPTOR 200]] 209.988 210 210 210
BLOCK ZONE 215 200.16 200 230 230
INNER DIE 225 240 240 240 240
LOWER DIE 225 240 240 240 240
UPPER DIE 225 240 240 240 240
SCREW RPM 94.4|| 82 82 %69 96.9
HAUL OFF m/min 48 471 471 49 49
FAN AIR Hz 37.4 40.99 41 39.8 39.8
OUTPUT Kg/hr 195 190 190)] 199.828 200
P..B. % 4.25 4.5 4.5 4.5 4.5
SET GAUGE 21.5 22.5 22,5 22.5 22.5
WEIGHBATCH WIDTH 1650 1650 1650 1650 1650
ACTUAL WEB WIDTH 1646 1650 1650 1650 1650
TRIM WIDTH (mm) 145]] 150 150 150 150
FROST LINE HEIGHT 600 500 500 500 500
TRIM 1 2 2 2 2
Targets
Corner Strength 6.25 6.25
Flat Strength 35 35
Output NA 200
Predictions "
Corner Strength 6.216 6.018
Flat Strength 35.31 28.969
Actuals J]
Corner Strength 5.9 6.26 6.18 6.14 6.1
Flat Strength 3l 15.0625 35]] 13.125 35




It 15 possible to sec from table 8 that the actual results differ from the results predicted
by Pro-t-con, especially in terms of flat strength. This is likely to be because of small edge
tears in the rolls of film that cause it to fail prematurely. It is also clear from a
comparison of 1 vs. 1¥ and 2 vs. 2* that Pro-t-con has not deviated significantly from the
settings seen in the raw data thus it hasn’t done much more than reproduce the settings

seen during experimentation,

A comparison of the results of the old settings and the nwo new data sets sugpests that
this experimental work has however significantdy improved the Palletfast product and as

this was the goal it can be assumed that the experiments were successful,

The recommendation to Filmpac will therefore be to use the settings in column 1 for all
Palletfast products from now on as these produce the best product. Also the issues
appareat with edge tears need to be remedied as they cause unnecessary problems m the

market.

Further work to analyse the process for non-linearity and interactions berween variables
would be worthwhile to help improve the settings above and a central composite

designed experiment would be most appropriate for this,
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6.3 MACHINE C22, CHESTER HILL PLANT, SYDNEY (CASE STUDY)

In consultation with the technical department at AEP Filmpac, Chester Hill, Machine
C22 was approached with a view to improving the output, gauge spread and optical
properties of the Air Pack product. This was seen as worthwhile as the machine was
likely to be heavily loaded with this product in the future, therefore any increased output
achieved could directly increase sales of the product. The customer was interested in
improving the optical properties of their product and a reduction in gauge spread would

improve sealing and overall bag strength.

6.3.1: APPROACH

The initial approach was to use a Plackett Burman screening experiment to analyse the
machines settable variables for their relative effects on the responses (gauge spread, haze,
gloss and output). In order to get an understanding of the machines capabilities initial
trials were conducted to see what the maximum output was and where opportunities may

lie for improvements.

The settable machine variables were then reviewed (a scale was developed for measuring
Air Ring speed) and experiments designed using a Plackett Burman DoE methodology
for eight factors. This methodology requires that 12 actual and 2 centre point
experiments be undertaken to produce a total of 14 experiments. High and low values for

each factor were chosen and entered into Minitab. The experimental runs are shown in

table 9 below.

Table 9: Plackett Burman screening experimental design for Machine C22.

Machine 22 Experiments 27.7.00

RunOrder 1 2 3 4 5 6 7 8 9 101 1) 12 43 | 14
Cylinder 1 190/ 190| 170{ 170| 170| 190| 180| 190/ 170| 170| 190/ 190| 170/ 180
Cylinder 2 210/ 210| 210] 210/ 190] 190/ 200/ 190/ 190| 190| 210| 190| 210/ 200
Cylinder 3 190| 210|210/ 190[ 190| 210| 200{ 210| 190| 210 190| 190| 210| 200
Cross Head 220] 190] 190] 190| 220] 190| 205| 220 190] 220 220| 190 220| 205

[Die 200] 240| 240 200| 240| 200] 220| 200 200/ 240 240 240 200[ 220
IFmst Line 200| 350] 200/ 350 350| 200| 275| 350 200/ 200 200/ 350 350 275
[Line Speed 85/ 85 85 12| 85 12| 10.25| 85 85 12| 12 12 12| 10.25
Linear % 300 30/ 20/ 30/ 30/ 30 25| 20 20 30 20 20] 20 25

The Machine was set up to each of the above treatment combinations and given 30

minutes or so to stabilise. Co-variates such as Screw RPM, Air Ring Speed, Extruder
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Amps and Average Gauge were collected, Samples were taken and Haze, Gloss and

Gauge Spread measurements were taken and recorded.

Once collected the data was entered into Minitab and the factors analysed for their effect

on each response. The results of this analysis are presented in appendix G.

Gloss

The main effects seen in the effect plot and the P values suggest that a high Frost line
improves gloss, and that high Output and high {inear percentage reduce gloss. Extruder
Rpm, Extruder Amps and Air Ring Speed also have strong effects on film gloss. This
may be because a high frost line gives surface defects from the die, that would reduce
gloss, ime to relax and even out. High Output and Linear percentage increase friction at

the dic lips thus increasing the amount of surface defects.

Haze

The main ctfects and the P values suggest that a hot Cross Head increases haze, and that
a hot die, high Output and high frost line reduce haze. Extruder Rpm and Extruder
Amps also have strong effects on haze. Two types of Haze exist, internal and surface
haze it is likely that increased output and a hot die reduce the internal haze because of a
hotter melt temperature. A high frost line would normally be expected to increase
internal haze as the molecules have longer to crystallise and form light deflecting
lamellae, however it is likely that the higher frost line reduces surface defects that increase

the surface haze more than the opposing internal haze,

Gauge Spread

The P values suggest that no factors are significant at the 95% lcvel though air ring is at
90%. However one can see small effects in the effects plot and these were used in the
design of optimal settings for the machine. Issues encountered with the air ring during

experimentation are a likely cause of the problems with this analvsts,

6.3.2: REGRESSION ANALYSIS

A regression analysis can be used to help predict the results of a set of proposed settings

on cach of the responses. The analysis of this is presented in appendix G

The regression analysis sugpgests very sood models for Haze and Gloss but not such a
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good one for Gauge Spread. Some problems were encountered with the air ring oo the
machine during the experimentation and this is likely to be the cause of the poor results
for Gauge Spread. These regression models can be used for predicting the level of cach
of the responses based on the settings used on the machine. However it is unlikely that
they will be particularly accurate as the above analysis shows large a standard deviation
for the constant term and for many of the factors,

New settings were developed for the machine through an analysis of the effects plots
drawn in the Plackett Burman analysis. All variables with a positive effect on the targets
were set high, all with a negative etfect were set low. Some factors affected one factor
posinvely and another negaovely, in these cases 1t was either set o the middle or a
compromise was made to maximise the most desirable targee. This approach developed

the settings in the column headed “New”.

Proteon was also used to apadyse the data and develop optimal sertings these results are

headed “Proteon™ in rable 10,
6,33 RESULTS

Table 10: Comparison of the Old, New, Pro-t-con and Run 13 settings and

results

OLD NEW Protcon 13
Product TDh210 TD210 TD210 TD210
Gauge 70 70 70 70
Colour NAT NAT NAT NAT
Film Width 200 200 200 200
Die Size 50 50 50 50
Bubble size 200 200 200 200
Output 13.9 18.5 18.5 18.5
Cylinder #1 180 170 170 170
Cylinder #2 200 180 209.94 210
Cylinder #3 200 210 210 210
Cross Head 180 190 220 220
Rotator 180 180 180 180
Dig 190 240 200.18 200
Extruder RPM 32 40 39.4 39.4
Extruder Amps 29-31 35-36 34 34
Line Speed g 12 12.001 12
Frost Line Height 250 350 350 350
Linear % 25.0 25.0 20.0 20.0
Air Ring £80.00 75.00 76.00 76.00
PREDICTIONS Regress Regress Protcon Regress
Giloss 83.8 B6.6 95,5 93.8
Haze 9.79 9.00 10.33 11.71
Gauge Spread 12 6 7 B
ACTUAL
Gloss 93.1 92.8 95.4
Haze 10.36 11.30 10.34
Gauge Spread 10 8 7




Table 10 shows that a 40% improvement in output was achieved through this work. Also
using the regression analysis performed previously, predictons of the Gloss, Haze and
Gauge Spread results were calculated for each set of running conditions. The results of
this work arc also included in table 10 and predict improvements in each of these
product characteristics. However checks on the above results were not possible before
leaving Sydney and consequently the technical department was left to do these when the

OPpOItunicy arcse.

Unfortunately when this opportunity did arise it was only possible for them to test the
new settings, thus the results shown under New, Actual are the results of their test trial,
Also because of recently occurring cooling limitations with the machine it was only
possible to run the cxrruder at 38 RPM rather than the desired 40 RPM. These actual
results are not as encouraging as might have been hoped and do not agree very well with
the regression predictions, cspecially in terms of Haze. This is likely 1o be because of
mteractions in the process that were not analysed for in the Plackett Burman experiment
(Plackett Burman’s are generaliy for screening for single factors only) and because of the

large standard deviation on most of the regression coefficients.

Pro-t-con’s settings were not tested on the process, however again there 13 a situation
where a run from the raw data (run 13} shows almost exactly the same settings as Pro-t-
con, it can thus be assumed that the results will he very similar. Again the regression
results don’t predict the responses very well. However these settings seem to have
produced good film, so the recommendation would be to test these sertings on the
process again and attempt to iteratively improve them with the knowledge gained about
the process. The work could be extended to a full factorial designed experiment in order
1o analyse the most important machine variables for the interactions between them. This

would help to improve the quality of the optimal solution further.
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6.4 OTHER EXPERIMENTAL DATA SETS

6.4.1: SHRINK FILM OPTIMISATION

Experiments were done with shrink film on machine 4 at Filmpac Auckland to optimise

it for output, thickness and shrink properties.

Table 11: Targets, Pro-t-con’s predictions, data set 6 and data set 20

Targets | Pro-t-con Dataset 6 | Dataset 20
Prediction
Output 190 177.814 177.6 192.6
Port lines 1 1.995 2 2
Shrink MD 74 69.9 70 68
Shrink TD 0 0.081 0 4
Thickness 45 51.344 50.85 44.73
Std Deviation | 2 2.308 227 1.52

Pro-t-con’s prediction is not close to the desired targets however it is very similar to the
results of dataset 6. Also the settings developed by Pro-t-con were almost exactly the
same as those of data set 6 except for small changes to 2 minor variables, the winding
and calendar tensions. Another data set (20) exists that is closer to the desired targets
than either 6 or Pro-t-con’s prediction and this differs significantly from Pro-t-con’s
settings.

In this case it seems that Pro-t-con would have misled the user into believing that their
targets could not be met whereas in fact they could have been approximated with a single
data set. Pro-t-con has failed in its analysis again, however by adjusting tolerances and
priorities in Pro-t-con it is likely that the targets would have been more closely met as

data set 20 may have been chosen instead of 6 as the starting point.

It might have been worthwhile to try the settings Pro-t-con developed back on the

machine again, however they differ so slightly from the settings used in data set 6 that it
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can be assumed that they will produce the same results.

6.4.2: DATA SETS FROM GLENVERN ASSOCIATES

Glenvern Associates (experts at using Pro-t-con) were asked to provide data sets that
showed Pro-t-con making trade-offs between more than one target result. An analysis of

these is presented below.
Co-ex Blow Moulding.

Table 12: Comparison of Targets and Pro-t-con’s predicted results.

Target Pro-t-con prediction

Cycle time act 15 15.859

Moulding wt 240 240,984

Neck height 18.1 17.709

Major bore D 339 33.62

Neck Ovality 0.1 0.172

Base Distortion | 1 (0.155

Spout fit 1 0.601

The settings developed by Pro-t-con produce results that are reasonably close to the
targets and differ significantly from any of the data scts found in the raw data as none of
the data scts camne close to achicving all the targets at once. Pro-t-con suggests that the
above results will be achieved with, among other setungs, a “cycle set” value of 8.2, The
tollowing graph of “cycle time act” vs. “cvele set” was developed to sec if this was

possible.
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Figure 49: The relationship between “cycle time act” and “cycle set”

Cycle time act vs Cycle set

Cycle time act

76 78 8 82 8.4 86 88 9 92 9.4 96
Cycle set

Figure 49 shows that the two variables are strongly related. In fact for each of the six
times that a “cycle set” value of 8.2 was used the “cycle time act” was 16.3. Also for a
“cycle set” of 9 a “cycle time act” of 18.26 can be expected and for a “cycle set” of 8.6 a
“cycle time act” of 17.44 for the same reasons. In each of the cases where variables other
than “cycle set” were changed there was no change in cycle time act. The Pro-t-con
analysis suggests that with a “cycle set” of 8.2 and its combination of settings that “cycle
time act” would be 15.859. Figure 49 suggests that in order to achieve a “cycle time act”
of 15.859 one would need to set “cycle set” to around 7.8 and not 8.2. It is implausible
that Pro-t-con should suggest that changes in other variables would have an effect on

“cycle time act” when in the data they clearly have not.

Unfortunately the actual process was not available to test Pro-t-con’s settings on however
a “cycle time act” of 16.3 would be expected from a “cycle set” of 8.2, regardless of any

other settings i.e. not the 15.589 predicted by Pro-t-con.
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Injection Moulding Sample
In the injection moulding sample data set the following tarpers, Pro-t-con predictions and

best guess results were observed.

Table 13: Targets, Pro-t-con predictions and best run data

Target Pro-t-con Best Guess
Prediction
Cycle Time | 29 27.451 27.33
Weight 411 41.528 41.1
Width 99.2 99.116 99.09
Thickness 33 3.295 3.28
Voids 1 2.128 1

Although Pro-t-con has got reasonably close to the targets the best guess has produced
results that compare very closely to those of Pro-t-con and also come closc to the targets,
in two cases closer than Pro-t-con. The best guess settings from the raw data are basically
the same as those predicted by Pro-t-con and differ only by the set value of one factor
“Back P17 which in the raw data was 2 but with Pro-t-con was sct to 5.833. Range*Ratio
charts of the variable effects suggest that Back P1 bhas only a very minor effect on any of

the targets.

This sugpgests that in this case Pro-t-con has searched through the data until it found a
run which closely predicted the targets and then adjusted only one minor factor to
attempt to get closer to the desired targets. One could therefore have achicved very
Similar results could therefore have been achieved using a best guess approach ie.

without Pro-t-con.
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6.5 CRITIQUE OF PRO-T-CON

6.5.1: CONCERNING OBSERVATIONS

Figure 50 shows a graph of the effect of each factor on the results of the non-linear
dummy process experiments and correctly shows the effect of each factor on the target

“mn 1”‘

Figure 50: Factor effects for the non linear dummy process with one response
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Pro-t-con also developed figure 51 from the same process data in this case however

replicated runs 2,3,4, and 5 were included in the model. Again the graph shows the
relative effect of each variable on the result “run 1” however in this case Pro-t-con
believes the major influences on run 1 are not the variables that created it but the other

results 1.e. runs 2 to 5.

Figure 51: Factor effects for the non linear dummy process with replicated

responses
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One of the funcoons of Pro-t-con 1s that once a model s built it is possible to adjust
control variables within the model to see what effect these have on the process, This was
done with the two models buit by Pro-t-con in the cases above. In the first case
adjusting the factors 3,4 and 6 had as expected a sigmificant effect on the resuit of run 1.
However in the second model adjusdng these variables had very little effect on the result
of run 1. This is because in the second model the factors that Pro-t-con said have the
most effect on run 1 are the other results. These results though highly correlated with
run 1 are in fact completely imndependent of each other therefore Pro-t-con should treat

them as such.

(ften 1n real life scenanos results can be related to each other in this way. For example
output and film strength are regarded as being related, as are film strength and film
width. Therefore when attemprng to opumise a process where two or more results are
highly correlated, even if they arc not targets of the optimusation, significant difficulaes

are likely. This must be considered a major weakness of the Pro-t-con softwarc.

Repcatability

In the analysis descnbed above experiments were done more than once in order to see
what effect dus had on the tesults. An analysis of these runs suggests thar the order 1n
which trials were undertaken affects the settungs produced by Pro-t-con. One reason for
this might be that Pro-t-con’s algorithms look for the first column of data that comes
within certain tolerances of the targers and uses this for the producron of its optmal
setings. Therefore the imtial serrings used by Pro-t-con could be different if the otder of
the columns was different. This seems a less than optmal way of approaching the
optmisation process. The reason for the vanadon seen in the range*rauo effect graphs is

unknoweo.

Dummy Variables

In some situations it 1s necessary to use a dummy variable to suggest when an element is
cither for example in or out of a process e.g. if the die rotator is on then a 1 18 entered
into Pro-t-con if it i1s off then 0. Half on, half off or anv scale in between { or 1 are
obviously not possible. However when Pro-t-con handles this type of varable 1t will

often suggest that it be set to an unachievable value such as (.3 rather than 1 or .
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6.5.2: PROBABLE PRO-T-CON OPTIMISATION ALGORITHM

From the prior analysis, discussions with the suppliers and testing Pro-t-con against other
methods such as DoE and multiple regression, the following steps are proposed as the

method by which Pro-t-con “optimises” a process.

1) Analyse the process data for the effects of each Controller, Derivative and Result

on each Target using Multivariate Regression.

2) Search through the raw data to find a column that closely approximates the

desired targets. Either the closest or the first one it finds within certain tolerances.

3) Use the factor settings of the data set found in 2 as the starting point for

development of the “optimal” settings.

4) Adjust the factor settings from step 2 (within set pull % limits) using the
information on their individual effects developed in step 1 to bring the process as

close as possible to the targets.
5) Estimate/predict target results
6) Output adjusted factor settings and optimal results for the targets.

Although the six steps above were not verifiable through an explicit knowledge of the
algorithms actually used by Pro-t-con (though many attempts were made to view these)
the results achieved in the analysis above can be to some extent explained by this

methodology.

6.5.3: ABILITY TO DO OPTIMISATIONS

From both the dummy and real process results it is clear that Pro-t-con is good at
analysing the data to produce graphs of the main factor effects. However its ability to
optimise must be questioned as in both the dummy and real processes the software was

incapable of effectively achieving more than one target at a time.

The nature of an “optimal” solution suggests that a point where on either side of the
solution the situation is slightly worse has been reached. A classic example is that of a
parabolic relationship where on either side of the optimum, the value of the response is

lower. It seems strange then for an optimisation tool to not be able to rationalise
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non-linear factor/response relationships. This suggests that it is not optimising in the

same scnse of the word.

By choosing a complete data set from the raw data and adjusting the settable factors a
unique “optimal” sclution 1s not necessarily achieved. In fact it may be possible to
achieve the same result with a different stardng point and different settings. Also because
the software limits the amount of variation allowed 1n each control variable the soluton
produced by Pro-t-con might not have achieved the desired targets. This however does
not mean that the process itself could not reach the targets, just that the limitations
imposed on the software have stopped it reaching the target. Consequently it cannot
always be assumed that the process has been optimised as Pro-t-con may have stopped

short of the tagget results,

Pro-t~con’s inability to analyse for interactions and curvature leaves it on dangerous
territory when adjusting factors independentdy of each other as without a knowledge of
these effects it may be inadvertently adjusting the process in a different way than
intended. Because interactions and curvature are common in evervday processes this is a
significant weakness in the Pro-t-con method. However the software has to some extent
got around this issue by encouraging restriction to the amount Pro-t-con is able to move
away from the closest data ser, Le. data 1t can be sure about, with the restricted pull Y. In
spite of this Pro-t-con was not able to predict results from either of the two dummy
processes as well as the trial and error method, Such situations were observed in the

analysis presented earlier in this section.

6.5.4: [TOW AUCH INFORMATION DOES PRO-+-CON GIVE?

From the previous results it was clear that Pro-t-con is relatively good at analysing the
data to produce graphs of the factor/response relationships. This informatdon is in irself

very uscful for the development of knowledge about the process,

As mendoned eatlier Pro-t-con will not divulge information on the interactions benween
variables nor analyse for curvature in any of the variable/response relationships. It does
however go one step further than other methodologies by developing settings that are
designed to meet the desired targets, In spite of this functionality, the analysis above

suggests that these settings are not reliable especially when curvature 1s present. In
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many cases this is because it assumes linearity in a variables effect on the response
between changes in that variable. Unfortunately Pro-t-con does not present statistics that
give information on the accuracy of its settings. They do however suggest a confirmatory

run to check that the settings work.

Because Pro-t-con experiments are evolutionary in their approach and do not stress
randomisation of the runs, it is conceivable that problems such as non-homogeneity of
variance and multi co-linearity may accompany the data. Pro-t-con presents no options
for checking the raw data for these issues. Percentage variation is presented as a measure
of the models quality however the method used for calculating this is not known. As this
number often reaches 100%, its relevance must be questioned as it is uncommon to be

able to explain all the variation in a process with an empirical model.

Basically Pro-t-con gives information about processes that compares to that of heavily
fractionalised (resolution III) DoE experiments but without the statistics to verify its
relevance or accuracy. Multiple regression results such as those produced by Minitab are
also similar to Pro-t-con however with the presentation of the actual model terms and
statistical tests on the importance of each factor the multiple regression technique gives

more information.

6.5.5: NUMBER OF EXPERIMENTS NECESSARY

A Pro-t-con experiment, it is said, must contain at least 30 runs or 1 more experiment
than the number of variables. Though it is possible to replicate runs to produce the
necessary number, the suppliers do not recommend this. There is no such restriction in a
DoE experiment though rules do exist that determine how many experiments are
necessary to achieve different levels of resolution for different numbers of variables, this
was discussed in the literature review. For example a Plackett Burman screening
experiment to analyse for single factor effects only (similar to Pro-t-con) takes 8, 12, 16,
20 etc. experiments to find out about 1 less factor than the number of variables (i.e. 7
factors for 8 experiments). Also multivariate regression with a package such as Minitab
can be undertaken (including co-variates, AKA derivatives in Pro-t-con) as long as the

number of trials done is greater than the number of variables.
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In practice however when underraking DolE experiments 1t 15 usual to attempt to reduce
the number of variables and expetiments so as to minimise the work. Pro-t-con SUgEests
no such objective. In fact their emphasis is on making sure all possible variables are

included in the model so as many as 500 trials may be necessary for a large process.

The cvolutionary one factor at a time approach that Pro-t-con advocates has a serious
weakness in terms of the number of experiments it requires to suitably analyse a process
as it tequires that each factor in the process be individually adjusted one at a time. This
was discussed in the litcrature review. In practicc however this was not the way Pro-t-con
was done in the training sessions. The usual method was to focus on what were
perceived to be the most important factors, adjusting them through a range of values,
paving scant attenton to the less important factors and iteranvely working towards the

targets.

6.5.0: EASE OF USE.

Both the Pro-t-con methodology and software were found to be very easy to use and in
comparison to what is required in the application of Doli, Taguchi or RSM methods it
was exceptional. Pro-t-con’s suppliers suggest that it can and js being used by able line
operators in other plants and this to some extent illustrates just how easy it is. On the
other hand methods such as DoE ate gencrally only switable for use by engineers,
scientists and technicians as they require significant training in their application, Pro-t-
con is usually taught in a 3 day part time session with a company nominec and this is
enough time to undertake training in the method, an optimisation trial and results
presentation to management. Pro-t-con was the most easily used experimental method

uscd 1n this project.

Doli experiments tend to be more difficult to run than Pro-t-con experiments as they
require significant discipline when setting control variables. If it 1s not possible to achieve
all the settings necessary for one of the designed runs the models orthogonality and thus
results will be affected. This in some cases makes Doli runs difficult to complete and
often requites the process to be taken out of production for the purposes of the
experiments. This can make it hard to plan and undertake such experiments as the loss in
production can be seen to produce an element of risk, This issuc with Doll was

mentioned by authors in the literarure review,
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The Pro-t-con approach is not so disciplined or rigorous and is thus more easily

implemented. A typical approach is to iteratively work towards an optimal solution by

adjusting the machines variables along the way. It doesn’t matter if the settings aimed for

in an experiment can’t be achieved as Pro-t-con can deal with this in its analysis. The risk

of producing bad product or downtime when undertaking Pro-t-con experiments is

therefore minimal and they are thus more easily agreed to and scheduled in to normal

production.

6.5.7: SUMMARY OF PRO-t-CONS CAPABILITIES

1)

2)

3)

4

0)

7)

8)

9

The Range*Ratio plots generated by Pro-t-con compare well with similar effect plots

generated using DoE and Multiple regression techniques.

Pro-t-con does not analyse for curvature or interactions between factors and the

response.

The ability of Pro-t-con to develop the settings necessary to achieve a set of targets
depends heavily upon finding a data set that comes close to those targets. Thus often

the results produced do not differ significantly from an original data set.

Pro-t-con does not optimise processes and only operates within the processing

window seen during experimentation.

Pro-t-con does not correctly predict results from processes with strong non-linear

factors.

Pro-t-con predicts results from processes that contain all linear factors more

accurately than processes with strong non-linear factors.

The order in which experiments are done affects the optimal settings produced by

Pro-t-con.

Highly correlated results cause problems for the Pro-t-con analysis as they confound

the effect of input factors.

Pro-t-con is very easy to use, as it doesn’t require statistical knowledge for its

application.
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6.6 DISCUSSION

It 1s clear then that Pro-t-con is not the “berter than DoE”, rigorous methodology, it was
made out to be by its suppliers. However in terms of its ability to aid a company to
improve its processes it is a useful tool for enabling wotk up to stage 6 of Barnes’ 8
stages of knowledge. Because of its ease of use and ability to develop range*ratio graphs
for the effect of cach factor on the response it can help a company move towards an
understanding of how important variables affect the response. So, for example, if better
impact strength was desired it would be known that blow-up ratdo and melt temperature
were important but it wouldn’t be known how much to change them for the desired
result, This level of knowledge allows much faster problem solving than if the important
factors were unknown. Also because of Pro-t-con’s ease of usc it is possible for to have a
number of less skilled people helping with the experimentation and data analysis. This
could cnable the amount of data necessary to undertake the analysis on a number of

processes to be gathered more quickly.

Design of FExperiments methodologies enable more cfficient experimentation than Pro-t-
con by reducing the number of experiments necessary for a study and also include
mecthods for analysis of single factor ctfects. As they also enable the informed inclusion
or exclusion of factors and interactions. Knowledge of individual factor effects as well as
an understanding of how each factor interacts with the others to affect the response can

also be developed. A Pro-t-con approach does not alfow this.

With heavily fractionalised DoE experiments single factor effects are inherently aliased
with Interaction cftects, thus it is not possible to have confidence that these interaction
cffects aren’t causing a large part of the vanation attributed to the single factors. It is
therefore not possible to be sure from the effect plots that a certain change in a single
factor will have the expected effect on the response, Likewtse for Pro-t-con range*ratio
cffect results, as these also ignore interactions. To upgrade this knowledge to include
interactions  (stage 7) requires significantly more experimentation and thus greater
resource and time,

It is arguable that stage 6 knowledge, across most products in a plant such as Filmpac, 15
more useful than detailed stage 7 knowledge of exactly how much to change the factors
by for 20 or 30% of products. Add to this the fact that processes often change over time,

and the bencfit of in depth studies on specific products may be quickly lost
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Consequently because methods such as Pro-t-con can be undertaken easily by employees
with a2 modicum of ability it is likely that more Pro-t-con experiments will be done in a
plant than DoE experiments. Because, to maintain orthogonality, DoE experiments are
fixed in their set-up i.e. the exact designed experiments must be done, they are therefore
arguably more difficult and more likely to produce bad product than Pro-t-con
experiments. Because of this it is more likely that Pro-t-con experiments will actually be
done in an industrial environment regardless of the fact that they are less rigorous or

statistically sound.

Consequently in the environments of AEP Filmpac and related plants it is unlikely that
the skilled persons able to undertake DoE experimentation will exist. Thus Pro-t-con, as
it allows similar results to heavily fractionalised DoEs to be achieved, is a valuable tool to
enable work towards stage 6 of the 8 stages of knowledge. In order to develop
knowledge to stages 7 and 8, DoE, Taguchi, RSM or Shainin methods will be necessary,
as will the skilled persons to undertake them. Unfortunately this is unlikely in most
situations at Filmpac, however it is possible that DoE will be used for the most
important products such as bread, form fill and seal, Butterwrap and other long running

items.
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7.0-OVERALL DISCUSSION

The Management of AEP Filmpac identified an urgent need to improve the
manufacturing efficiency of their operation. A substantial investment in new equipment
was made during 1997 and 1998. However despite restructuring the company to simplify
aspects of the manufacturing operation, the potential of these new investments was not
realised. A process optimisation software tool called PRO-t-CON was thus purchased
with a view to applying it to each product on each manufacturing machine to identify

optimal operating conditions.

The drive of this project was therefore to produce a system that enabled Filmpac to

realise the potential of their machinery i.e. to exploit their processes.

Whenever Pro-t-con’s suppliers made contact with Filmpac they were always full of new
anecdotes of how Pro-t-con had helped them optimise a number of processes at a variety
of other plants. Their arguments were strong and their descriptions compelling. However
when asked they were never able to give an objective analysis of the relative roles of the
Pro-t-con software and experimentation/problem solving in the process of
improvement. Because of the numerous successes both GS Technology and Glenvern
Associates have had with the Pro-t-con software it is difficult to discredit the method
altogether. However the analysis and results in Section 6 suggest a compelling argument
against the ability of the Pro-t-con software to optimise processes as well as was

suggested by its suppliers.

It must therefore be asked, how do GS Technology and Glenvern Associates achieve the
results that they so proudly boast? The answer to this question lies in two places, the first
is the fact that many companies have, for what ever reason, not previously concentrated
on “optimising” their processes. Thus there is often significant capacity that could have
been acquired through a variety of efforts to improve the process. The second is in their
experimental methodology, both GS Technology and Glenvern utilise the most skilled
operators in order to understand and make the changes necessary to improve the

process. They record all the variables on the machine and iteratively work towards the
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desired targers solving problems as they occur. By approaching the machine with an
open, inquring mind and asking the right questions they push the skilled operators
outside of their previous comfort zones to achieve better results than previously
experienced. it is then very easy to convince the management of such a plant that jt was
the Pro-t-con software that enabled them to achieve these results. And it is thus a small
step to suggest that if the company wants to achieve such results across all their

machincs, they should purchase the software.

Although Pro-t-con did not perform as well as expected in terms of its ability to optimise
processes, many businesscs, Filmpac included, have a very real shortage of competent
technical staff capable of undertaking other forms of experimental work such as Design
of Experiments. Pro-t-con may therefore be a successful product because it removes the
need for such strong technical skills, A product which gets most of the results of an
involved Dol: exercise, without the necd for employing extra technical staff, is valuable

in a manufactuting environment and is thus attractive to industry.

Figure 52: Relative position of the sections of this project on the overall

system of process improvement

At Filmpac Svdney they had done very well to get standardised machine settings accepted
on the floor, and this is an absolute prerequisite for the type of sustainable process
improvement described in this project. The relative ease with which improvements were

made to the performance of machine C22 suggests that there is stll a reasonable
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amount of “slack” left in their machines that could be taken up. There is a high
probability that in doing this a significant increase in plant output will result. This was

also the case at Filmpac Auckland and at Liquipac.

In terms of Filmpac Auckland’s quest for greater performance from their machines they
are close to a full implementation of the setting sheet system. This is expected to produce
a significant improvement in the stability of their processes in terms of output and quality
variation. Without the success of this element, improvements to Filmpac’s processes are
destined to be minor and transient. The work done on Machine 9 indicates that a
significant improvement is possible if the setting sheet system is successful. Economically
this could be worth in the order of a million dollars a year, providing the extra product
that is manufactured can be sold. The gains could however be further reaching than this
as with more consistent, faster machines better response times may result whilst product
quality should become more stable, two factors that if poorly managed never fail to

djsappoint customers.

A major aim of this project was to develop a system for implementing Pro-t-con at
Filmpac Auckland. So the question of where Pro-t-con fits in the above system must be
answered. Pro-t-con, although shown to be poor at process optimisation, shall remain a

useful tool for process improvement at Filmpac. This is due to two factors

1) Pro-t-con is good at analysing a process to establish its variable/response

relationships.

2) Unlike other process experimentation methods that are discouragingly difficult to

use, Pro-t-con’s simplicity encourages companies to undertake experiments.

Pro-t-con’s user friendliness encourages plants to “get out there” and undertake
experiments and this in itself can be expected to encourage favourable results. The major
benefits expected from future Pro-t-con optimisation studies are firstly a better
understanding of a processes possible operating envelope and from this the development
of better process settings. Secondly an understanding of the factors that most heavily
affect the process and its target responses. These studies will be done under the guidance

of the system administrator.
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711 A SIDENOTE

W. Edwards Demming and Joseph M Juran two of the most highly respected “quality
Gura’s in the US, suggest that 85% of quality problems are the responsibility of
management, leaving only 15% as the responsibility of line operatogs. Filmpac is no
exception to this rule, though interestingly management would not agree. Unless the
focus of future work at Filmpac is focused on improving quality through management’s
ability to understand and reduce varation in the plant, thus developing systems to

combat it, they will continue to struggle with high scrap and customer dissatisfaction,

Employing a consultant, such as the student involved in this project, is wasted effort
unless the knowledge created is effectively transferred to the company. Filmpac
understood this and the initial charter of the student was to be a facilitator within the
company. He was therefore to hand over system administration soon after its
development so that a suitable person from within the company could take over the role,
However because of structural changes within the plant and an inability to decide upon a
suitable person for the system administrator role, this step did not eventuate before the

end of the project.

Throughout the project Filmpac’s inability to follow through on its commitments to the
research side of the project produced much frustration and many times, the course of
acton agreed to by the student and management failed to eventuate. Suffice to say that
had this not been an issue the setting sheet system would have been finished with enough
time to have analysed its effect within this project. Unfortunately however this was not

the case.
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8.0-CONCLUSIONS

Management’s excitement to discover that in fact they can run their machines
significantly faster than they had previously thought possible seems to cloud their
judgement as to what it was that caused this improvement. As the only thing different
from normal production during Pro-t-con experimentation was the presence of the Pro-
t-con sales man and the use of the Pro-t-con software it was easy for him to suggest that,
with the purchase of the software and a bit of training, the company could achieve
similar results by themselves. Management saw the increase in revenue possible through

faster machines and quickly paid off the $30000 price tag.

The 10-step method for process improvement described in Section 3 showed that it was
useful for helping to undertake process improvement projects and through the use of
this method significant improvements were made to a variety of processes. However the
situation at Filmpac was weak in its ability to save and reuse information such as

improved settings developed through experimentation.

It was shown in Section 4 that it is possible to make a significant improvement to the
output of a machine in terms of its average run speed and the variation in this speed,
simply by setting and policing a standard for operators to meet. The use of setting sheets
is expected to achieve a similar result across all the machines at Filmpac. Although this
step in the project was taken to enable cumulative process improvement to take place, it
is likely to produce a significant improvement in itself. How much of an improvement
will depend upon the work done by the people at Filmpac and the importance placed on

it by management.

Pro-t-con was not convincing in its ability to optimise effectively and had significant
weaknesses in its approach and analysis that would in the case of most scientific
endeavours thrown it abruptly on the scrap heap. Its saving grace if you like is its ease of
use and thus because of the equally weak ability of the company to provide the technical

resource necessary to undertake more rigorous techniques for process improvement it
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shall remain a useful method for process improvement at AP Filmpac.

Reflection on the aims of this research suggests that definition of the necessary systems
and procedures required to achicve a substantial and permanent improvement in the
current machine operating conditions has taken place. This has thus allowed the
development of a system for applying Pro-t-con process optimisation software to the
ALLP Filmpac plant. Likewise the demonstrated increase in plant output potential and
reduction in the variation of machine output through the use of the above system
suggests that it has been successful. The performance of the software and system has also
been analysed in sections 4,5 and 6 and as such suggestions for the future development
of both have been made. The achievement of these aims will help Filmpac to improve
the output and quality consistency of all their products and thus gain a superior position

in the very competitive flexible packaging industry.

3.1 FURTHER WORK

8.1.1: I'ILMPAC
The actions that need to be taken at Filmpac are
1y Fully implement and maintain the sctring sheet systern discussed in Section 4.

2) Continue optimising/continuously improving machines using the method detailed
in Section 3.

3) Implement a statistical process control system for maintenance of machine speed
product quality and scrap.

The expectation 1s that this will begin a new era of much nceded quality and consistency

at Filmpac



8.1.2: PRO-T-CON

[t was clear from the analysis of Pro-t-con in Scction 6 that both the method and

software have some scrious weaknesses, Suggestions for their development include

—

y Iovolve design of experiment techniques such as Plackett Burman matrices to
help reduce the number of experiments required to adequately test all factors in a

Pro-t-con model.

2y Include the abiliey to design and analyse experiments for non-linear factors and
interactions.
3y Include descriptive seatistics such as Adjusted R for the model and P values for

cach factor.
4y Investigate the algorithms that develop the multiple regression model and optimal
settings to find the reason for the different resules seen through changes i the

order of the dara presented to the software,
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for Microsoft Windows9.55/NT

Revolutionary Application to Gain Control and Improve
Quality of Industrial Manufacturing Processes

GS Technology introduces Pro-1-con [or WindowsY3/NT. a
new generic software application that accepts measuremenis
from an industrial manufaciuring process and builds a
mathematical model of that process in order to identify
constrainis. tolernces. strengths and weaknesses and predict
optimal settings to maximise successiul production

m A Statistical Wizard

Pro-t-con automitically carrelates targets for quality of parts
with process paramelters and determines how each pasimeter
influences these targets When the relationship is established
between selected largets for specification and qualily of paris
and the parameters of process performance. the Pro-1-con
model shows how to set up the proccess in order to achicve the
best possible targel results The system is a statistical wizard
which can produce optimal resulis with up to 500 process

variables.

= Industrial Process Modeling

Until now. most statistical modeling packages for processcs
produce a hypothetical model of the process. They ignore the
real effects of fluctuations in process variables. (he resulting
variance in product quality and the inherent design characler-
istics of the process itself. Typically. most packages expect
users to have a high-level ol knowledge and understanding ol
statistics in order to create models and inferpret resulis

Pro-t-con overcomes these limitations. Applying powerlul
statistical theory in it desktop computer application. Pro-1-con
accepts data collected from an industrial process and Lirgels
for quality of products to predict optimal seltings for process
variables. Pro-t-con relies on measurements from vour
process and targels for the quality of products produced 1o
give you maximal process control

m Pro-t-con exploits Windows95/NT

Pro-t-con exploits Microsofi WindowsY3/NT 32-bit operating
environment ot personal computers to simplify the creation
ind analysis of a process model. Pro-i-con is easy to learn
ud easy to use. It has full context-sensitive on-line Help. I

provides simple tables for entry of data and display of resulls.
It lets vou print to any printer for which there is a device
driver instaltled. In shen. Pro-1-con lels you concentrate on
solving the problem of achieving total control of your
industrial process. You focus on process variables and
problem delinitions rather than on stalistics of modeling
software. And Winduws95/NT muikes vour work
straightforward.

m Total Quality Control

Industrial process production will rarely be consistent wnless
keyv process variables such as Lime, pressure, speed,
temperature, ete are identified and controlled. The task of
determining optimal settings for such variables forims a
critical part of any strategy for improving quality. Pro-t-con
determines oplunal settings and climinates the causes of
variation. It lets you achieve greater consistency and stability
of production through continuous monitoring and prediction.
It helps you to meet the stringent requirements for high-
quality products that your cuslomers demand and reduce
losses [rom production of poor-quality or defective parts and

wilsle,

= Wide Range of Applications

Pro-t-con is a generic application for improving the quality a
any industrial manufacturing process. including injection
molding. blow molding. extrusion. blown film. rubber
chemicals and food. Most industrial processes can be
improved significantly by analysis using Pro-t-con because it
reveals how to optimise the perfornunce of existing process
equipment and maximise throughput and minimise waste.

i 5y
Pro-t-con maximises process i
performance by showing you

how to optimise the performance

of existing process equipment. J

L




Powerful Statistical Analysis

the summation button/icon, Pro-t-con

Define your process ...
antomatically builds a mathematical model that

1. Identify process variables performs according to the unique desirable and
Identity variables that may have an effect on undesirable characteristics of your process
the process outcome. Pro-1-con can Pro-1-con software then displays a Target
accommeodate up o 500 process variables. Specification. priority and Value Entry screen
(Screen 2).
2. Classifv process variable types
CONirollers - adjustable process Prioritise and assign target values
variables (i.e. screw
‘speed. temperature) 6. Assign priorities and desired values to
DERivatives - dynamic variables present critical target variables
when process runs (i.e. mell Al the Target Specification and Priority Screen,
lemperature, cycle time) enter optimal values and priorities to the larget
RESultants - process outputs variables. Multiple variables can have the same

(i.e. dimensions. weights) priority

7. Point and Click on the Summation Icon
Pro-1-con recalculates and applies weights to
the model with respect to the information
entered in Step 6. 1t then displays the required
control selting information to achieve desired
target values (Screen 3).

3. Define Target Variahles
Targels are variables that you want to control
for optimum product quality (ic key
dimensions and attributes of a finished
product). An unlimited number of targel
variables can be selected (Screen 1).

4. Enter data for cach variable Play "What-if' with the Pro-t-con
* Enter a minimum of 30 samples from an actual Simulation ...
production run in order to provide a suflicient 8. Change target variables. types, values and
statistical measure of variance. Pro-t-con for priorities in any L‘tarr;hfnation
i U3 ale . s By Wl - -
Windows h[NT '"_‘]_]‘f:s dala Ehiry, casy ‘,‘f'h Pro-t-con recalculates and then immediately
comprehensive facilities for viewing. editing. displays a new model prediction to reflect
scro!lrng, PADHAE, elc. Valy can belllllp(‘ll'lt?d the new targel variable infornmation while 1t
readily from automatic data collection svstems continues o perform mathematically like your

real process (Screens 4. 5 and 6).

5. Click the Summation Icon
When yvou point and click with the mouse on

Process Variable

* ; d
Ll .I:'" e e hiskniic 5 e L Entry/Classification
.I"':. ]1515 = [u.u [1525 = ..:“f‘;a.;s ] and TarQEt
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Easy to learn and use in Windows95/NT

Target Variable
Specification
and Priority
Screen

After initial model
caleulation. Pro-t-con
prompts the wser (o
assign oplimal values
and priorities 1o target
variables. Pro-t-con
uses this information
to recalculate the
madel but “weighs ™ it
with respect to this
target information.

Target Variable
Result Screen

Screen 3 displavs a
Pro-t-con model that
has been recalculated
based on specific
target values. The user
is able to edit 1arget
values, specifications,
priorities and
recalculate wntil the
model performs
according lo
requirenenis.
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Solve Your Toughest Processing Problems with
Pro-t-con Software

® Easy access to powerful statistical

analysis
Pro-1-con applics powerful statistical calculations to your
process data. Defining the process problem. classifying
the process variable types and entering the data is casy
with Pro-t-con in WindowsY3/NT.

®  Meet stringent quality requirements
Ananalysis in Pro-1-con shows where critical process
improvements should be made to meel ever-changing
customer requirements. Since precise product
specification and quality can be achieved consistently. il is
possible 10 provide customers with the product they wanl
at the price they want.

® Easy to learn and use

Pro-t-con delivers the benefits ol complex design ol
experimental studies with just a fraction of the time and
effort required. Detailed knowledge of statistical
techniques and analysis is not required.

® Improved process performance
-Reduce process set up and down time with tighter
control of vour process.
-Reduce scrap by identifving problems earlicr in the
process.
-Reduce operator error by providing accurile process
information.

® Applicable to any continuous
manufacturing process

The Pro-t-con analysis is applicable to any reproducible

manufacturing procedure. The plastics indusiry was

among the first to benefit from computer modelling. Pro-

t-con brings the power of this analysis to any continuous

mannfacturing process.

® Real-World Data

Because Pro-t-con uses actual data from your process
that includes natural variation. there is no need to stop
actual production or scrap large amounts of product
during data acquisition

® End Result of a Pro-t-con study
Pro-t-con will produce the besi settings for continual
process success. Hard Copy of this manufacturing setting
information is available as a report for machinery
operators and technical support staff.

® Pro-t-con gives Total Process
Control

Pro-t-con helps you achieve Total Process Control by

nENAgIing process variation

¥ Pro-t-con in Windows95/NT

Pro-1-con benefits from using the popular Windows95/
NT operating environment and graphical user interface
on desktop or laplop compulers.

® Enter and edit data in tables
All values are entered into tables in Windows95/NT and
can be edited al any time to meel requirements,

®* |mport and Export Data with ease
Pro-I-con lets you import and export data in tabular
formats for use in spreadsheets. databases, reports and
other applications.



Getting Pro-t-con in your plant

Implementation and training

A sile license [or Pro-t-con includes installation, training
and technical support.

Training involves an introduction to Pro-t-con software.
a demonstration and study of resulis. typically nsing data
from one of your processes.

Y our technicians and operators will be shown how (o
apply Pro-t-con themselves. They will learn how to find
the specific settings o enable them to achieve precise
product results in the minimum time on a consistent

basis.
Once the initial training is completed. G S Technology
will provide continuing support and maintenance
including softwire updates and application consultation:
The practical exercise will include the following:
Statement of the problem
Definition of the objectives (improve product

quality. reduce cycle time. reduce scrap. elc.)

Determine variables - product and process
paramelers

Plan of data collection

Collection of data
Material data

Process data

Process data (including quality attributes. cic.)
Application of predicted results

The settings determined [rom the analysis will

be applied to the process

The process will be optimised.

Consultancy service
GS Technology offers a service on a consultancy basis.

A trained Pro-t-con technician will work with your own
feam fo assist them to improve a particular process. or
eliminate a problem.

The team will determine the objectives of the exercise.
process improvements. elc.. and the data collection and
analysis will be undertaken at vour site.

The process will then be set up using the information from

the analysis and the results predicted by the system will be
achieved in practice.

Represented by

i, GIE.ENVERN ASSOCIATES PTY. LTD.
/ i AN 178 946 979

Telephone: (03) 9712 0700
P.O. Box 250 Mobile: 0418 992 531
Kanguaroo Ground Facsimile: (03) 9712 0433
Victoria, 3097 Email: mrpoultonfedbigpond.com

Minimum System Requirements

Processor Intel 80486 or better
RAM 16 MB
Monitor SVGA

Operating System Microsoft Windows95/NT

for Microsolt Windows3. S&NT

GS Technology

77 Bachelor Lane, Horsforth, Leeds LS18 SNF
Tel: (01279) 436970 Fax: (01279) 422150
Technical enquiries: (01132) 591485

E-mail: barrieagstuk.deman.co.uk

D wmaGs Technology. All nghts resenvid
A Trade marks acknowledged E X O F



TECHNOLOGY Represented by

Manufacruring Process Cuntrol

- t’)};oN . S

: i Email: mrpouttonfibigpond.com, Ph: 61 3 9742 0700
PRO-t-CON is applicable to any continuous o o )
process as “‘every process is only a combination of| The PRO-t-CON Technique

e g:zgis; ::::::::,,' n;‘x\:::;:g ;::r::‘nr:::: ;‘u?: i *Complex Analyses and Effective Solutions from Simple Steps:

ot 2 4 (5)
variables, it is possible to establish the : o (2) 3) () e (6)
relationship between them and optimise the ' Scet | pp Memify | o) Clasaty | ’:_:umu Ly| with Planned Collent Data,
i i o . _ Process Vanable arget Vunable Check
|process with the UNIQUE PRO--CON technique. | Praii il o s e St
pie, SR g * PRO-1-CON Windows 95/NT based Soltware

The optimisation technlque develops a real-life model of
what is happening in the process .
- PRO-t-CON identifies opﬂkmhqulpmanﬂpmcen settings

- It eliminates conjectures/arguments about the process
- Removes BLACK ART'

» Handles up to S0 variables simultaneously

« Operator level Data Entry, cun import trom spreadsheets
* On-Screen & Hard-Copy Opumised Settings

« Staustical variability & Pareto tables provided

WA |
Fater Dot iw |
Plu 1--CON

' (1 (1 (9) (%)
- PRO4-CON e_ﬂlcms key resource focus on real issues rather ||| xplore “Whas " e Run Vilidaion & A Ao Tt
than fire-fighting Sinwlation Triad for Optimal Scirmags Values & Priovity
- It has business wide application capability

- Enhances standard pmedum and dlsclpﬂnﬂl Note: PRO--CON needs a munmum ot U samples sud one sample

mare than the number of vanables w vperate,
Business wide application capability: * [The technigue was first developed by GS Technology, | v ;
- Machine Processes UK for industrial applications in 1989,
- Whole Proces.s System or Plant Has achieved a 100% success rate in process
-Tr 0“13{'95“0““"‘9 : optimisation- applications typically:
- Material Substitutions
- Product Development 3 Pm Indusines
-Spe 1 Injection Moulding Aulomotive Components
pecial Applications _ I Themmig Eood Bistossing
- Logistics, Freight/ T"“‘P"“ | Fiim Extrusion Industrial Packaging
- Working capital Extrusion Laminating Building Products
- P & L performance | Polymer Compounding industrial Toals
- Strategic business tool! | Rubber Moulding Polymer Production
Biscuit Manufacturing Food Processing
Steel Processing Metal Processing

Translates outcomes directly to the “bottom-line”

i Btre SUMAL_H g




Typical PRO-t-CON Study Plan

» Day 1: Detail Pre-scoping Meeting:

Step

Objectives/Activities

Resource

Notes

1

Canfirm Date and Process for
Study

Confirm Resaurce Needs &
Names

Identify Process Variables

Classify Variable Type

Define Target Variable to develop
Variable Step Changes for Study*

Production Manager

Production Supervisor

Process & QC
Technicians

Key M/C Operators
Site PRO-t-CON
Person

Define Initial Study Size

Set targets &
determines Sampling
Scope

Develop PRO-t-CON File- Praocess

Specific

Site PRO-t-CON
Person

KEYNOTE: ** The design of the step changes is based around the normal operating range of the contral
settings (variables) that the Production Staff works with to improve output, qualty and any of the target

varizbles. The Initial aim Is to explore/ extend the operating envelope.

« Day 2: Optimisation Study:

Resource

Notes

Step Objectives/Activities

5 |Run Process with Planned Step |Production Supervisor [Ensure products are
Changes- 2 or more steps up and |Process Technician measurable. (Typical
down for Speed Changes, 1 or2 (Key Operator exercise 36 hours)
step changes up and down for
other variables. Chanhges should
be made singly for key variables
and then in any combination.

8 (Collect Process Data and Site PRO-t-CON
Conditions Person
Collect Finished Product Samples-|One QC person (Trial [Number Samples and
5 sets at standard conditions. period) Cavity No. for Multiple
(Typ. 3 sets at each change of Cavity Processes
conditions for Inj. Moulding 10
standard sets and 5 sets at each
change for Blow Moulding)
Measure Finished Products- All  |QC persons (Use Allow time for cooling &
quality attributes using normal line |[same QC persons- shrinkage as per
gauges. Standard samples for especially for visual specifications. QC
visual assessment should be set- [and subjective Supervisor to audit
up for scores 1 (v.good),3 measurement) measurements &
(marginal, OK) and 5 (reject) attribute assessments.

7 |Data entry into PRO+t-CON Site PRO-t-CON Determines Optimised

8 |Assign targets in PRO-t-CON Person Setting

9 |Run analysis in PRO-t-CON

« Day 3: Validation Trial:
Step Objectives/Activities Resource Notes

10 |Run Process at Optimised Production Team

Settings

Check & confirm optimal running
conditions

PRO--CON Person

Collect samples & check to
confirm Quality Level

QC Persans

Initial Sample checks

Monitor conditions over next ?7na.
of shifts

Production Team

Continue nommal checks

Sign-off for new operating
Conditions

By Manuf. Manager

Prepare Report

Site PRO-t-CON
Person




Appendix D
Palletfast Stretch Cling Film Strength Measurement

Test Rig Development

The need for the development of this methodology is illustrated in section X of the
literature review. In order to design a test rig for Stretch Cling Film (SCF) testing it is
necessary have an understanding of the equipment that exists in the market place so
that this can be mimicked with the test rig. Consequently a number of visits to
vatious plants that use Palletfast (AEP’s brand of SCF.) were undertaken. The aim
was to get an appreciation of the settings used by the operators of these machines

and to investigate their set-up. This yielded the following results.

1) Operators with similar equipment use a wide variety of settings which they

believe make the machine work best.

2) The pre-stretch ratio is set through fixed centre gear ratios within the machine

and cannot be changed by the machine operator.

3) Operators can effect changes in “Force to Load” and the “Rotational Speed” of

the load in order to tune their machine. A higher force to load gives a tighter

pallet.

Figure 25: A Typical Stretch Wrapper

Prestretch Roller

Dancer Roller

Draw Roller 2 Directi

Draw Roller 1

Film

ion




The film generally performs very well when in petfect condition however when SCF
fails in the market it is usually between the pre-stretch head and the pallet, this can be

due to any of the following reasons.

- Gels (weak points) don’t stretch uniformly and cause point stress holes to

appear in the film

- Poor film edges may have weak nicks that propagate a tear across the film when

under tension.
- Sharp corners or protrusions on the pallet can puncture the film.
- Grit on the pre-stretch rollers can puncture the film.

A JMP pre-stretch head was available on the stretch-wrapping machine in dispatch at
Filmpac. JMP pre-stretch heads are the industry standard in New Zealand and were
found in many of the plants visited in the preliminary investigation. For the purposes
of the present project this was serviced and set-up to “the way most people have it”

l.e. a gear ratio of 2.6:1, this should give a pre-stretch of 160%

A test pallet was also designed. This was done through an investigation of the pallets
used by important Palletfast customers. Dow Chemicals was also consulted as they
analyse film in this way. They were of some help though would not provide full
details of their testing methodology as this is an element of their competitive

advantage.
Test Rig Specification
The Pallet was
1 Designed to imitate the pallets found in the market place.

2 Made from two new pine pallets nailed together one meter apart to form an

open box.
3 Square with sides of 1100mm
4)  1200mm tall to allow more than 2 widths of film up its height.
5) Heavy enough to resist movement from the force of the film.
6) Stff enough to not twist with the force of the film.

7) Easily cleaned of old film.



Figure 26 Flat Test for Film Strength

Finally methodologies were developed to measure the performance of the film.

Palletfast (SCF) Testing Methodology Development

Method 1

Method 1 utilises the concept behind an ASTM D1709-85, F/50 Impact Resistance
Test although modified for the different application find the average failure point of

the film.

Film is tested across the top edge of the pallet to discover its resistance to puncture

on the pallet’s corners.

1) Condition samples in the Filmpac warm room for 48 hours to allow

migration of PIB to the film surface.
2) Position test pallet in the centre of the turntable.

3) Put roll on stretch wrapping machine (pre-stretch ratio = 2.6:1) thread film

through the pre-stretch head so that film is sticky side in.
4) Attach film to a corner of the test rig

5) Bring pre-stretch head up to the marks near the top of the pallet so that the
film is half on and half off the edge of the pallet.

6)  Start turntable (10 RPM).

7) Find the force to load reading where the film first fails.



8) Reduce force to load by one increment (scale = 0.2).
) Test the film for 2 full rotations of the turntable.

10)  If film fails then reduce by one increment again. If it passes then increase by

one increment. Record passes as an O and failures as an X.

11) Keep testing, incrementing up and down as the film passes or fails for as
many tests as it takes to get 5 passes and 5 failures over the last 10 tests. Le.

50% pass and fail.

12) Use the testing matrix to calculate A = X(ni x I) where ni = the number of

failures at each level and 1 = the level these failures occur at,
13) * Calculate F/50 =L + 0.2(A/5) - 0.1

F/50 is the average maximum force to load of the film.

* The general Formula for the F/50 test is F/50 = L + [AL(A/N — 0.5)] this can be
simplified for our purposes where AL and N are fixed at 0.2 and 5 respectively to be
F/50 =L + (0.2*A/5) - 0.1

There are no units for the results of Method 1 as the adjusted dimension is a simple

machine dial with an arbitrary scale fabricated by the student for testing purposes.

Typical film performance ranged between 5.5 and 6.25.



Figure 27: Corner Strength Test

Method 2
The method described below is used to discover the films average failure rate when
going around the pallet. A different method is necessary because the pre-stretch head

cannot give enough force to load to break the film without a defect being present.
Steps 1-4 are as in Method 1 above.
) Position the pre-stretch head in the centre of the pallet.

6) Start the turntable rotating and adjust the Force to Load slowly up to its

maximum of 10,

7) Count the number of rotations of the turntable at max force to load, until the
film breaks.

8) Repeat 3 times or until 20 revolutions are achieved without a break.

9 Break strength = X (number of rotations)/number of breaks

There was significant variation in the films ability in this test, some film samples

making it though 20 wraps without fail, others unable to even make one.

One problem with this method came from the existence of edge tears in rolls of film.
Being difficult to see before they go through the head and because of the speed at

which a failure occurs it was hard to tell whether a tear was because of a poor edge or



a gel/film weakness. Inspection of the film before and after the break gave clues as
to whether an edge tear was to blame, but was not conclusive. One way round this
would be to video the film and replay each failure to check if it was an edge tear or
not. The best way would be to get operators to regularly change the slitting blades

thus minimising the number of tears altogether.




PRO-T-CON SETTING SHEET MACHINE 9
ITEM CODE e CS5i9 Y REMEMBER TO HAND THIS SHEET IN TO YOUR SUPERVISOR
DATE 2] 1 et
TIME &~
OPERATOR = e
Settings SET CONDITIONS IMPROVEMENTS IMPROVEMENTS
ZONE 1 i f iiees
ZONE 2 12,2 C
ZONE 3 50
ZONE 4 |5 C
SCREEN BLOCK M 98
SCREEN CHANGER 25130
SCREEN ADAPTOR 1S
MELT TEMP 233 jinl
MELT PRESS 3¢F) |l
BLOCK ZONE Y
INNER DIE A2 |BBC
LOWER DIE 23C
UPPER DIE 22T
P.1.B. QUTPUT Kg/hr “T.2L
ADDITIVE RPM kS
EXTRUDER AMPS 1S
SCREW RPM s
HAUL OFF m/min =75
FAN AIR Hz 237 ©
MASTERBATCH % il
OUTPUT Kg/hr o o
P.LB. % L -]
SET GAUGE iS5
WEIGHBATCH WIDTH 1Ly
ACTUAL WEB WIDTH leio
TRIM WIDTH (mm) i 4O
FROST LINE HEIGHT Z >
AIRRING PRESSURE 2. O
AIRRING TEMP 7%
FRONT WINDING TENSION [
BACK WINDING TENSION |-
CALENDER TENSION 7,0
EXACT MACHINE # 3] /3
EXACT ROTOR POT 200
EXACT NIP POT —_—
TEMPERATURE ok
HUMIDITY Lt
QUALITY CHARACTERISTICS
EDGE CREASING * 2
FACE CREASING * >
GEL FREQUENCY * ]
MELT FRACTURE * i
PORT LINES *
FILM CLARITY *
FRONT ROLL QUALITY * |
|BACK ROLL QUALITY * [
AVG GAUGE B -4Y
STD DEV (On-1) WP NpN
MEASURED PIB% 3237
COLOUR TEST U

SIGN OFF- ACCEPT/REJECT CHANGE




Appendix F

Table 4: Results of the Pro-t-con optimisations done on each of the six

data sets.

Protcon Optimal Settings, Targets, Predictions and Results

| |Model 411 | | | | [Model 412 |
er 4782] aaj aﬁ 1.208| 3 4804 3381 2.80| 1.324 3
20| 10) 10) 10 17.689] 3 20| 10 10
linear 1 206. 196 182.944] l4?,3m'| 205.712] B0 Z‘Iﬁ.fﬂ7| T?E.ﬁ 150| 205.381 B0
linear 5 6254 21759 13601 191563 180] 167579 20744 140]  194.479] 180]
inear 01 20000]  20014.181] 20000 20011656  20050) 200 20016133 200 20015.2?g| 20050}
[power 2 and interact 59.1 81463 0212  11.044 10) 509.38| 19 sae0s|  11.042 10)
interact F + linear 1 4&75 15454 59550 100 49.445| 13606]  61.041 100] 20
linear 1.2 56.624 240) 10]  sx0.86| as_a\ﬂ 10 240 10|  7e93se]  soasod
linear 2 6 8 1 25| 1 19.306) 16 25| g
finear 3 9 8 | 2 9 2776) 1| 15869 2
Average 97.3) 97.
Targets 8000) 10000 6000 4000) 2000 8000 10000 6000 4000 2000]
Precictions 8140.01 so7s]  eoorn1|  axea1] 218439 sizot0]  oomoss|  evencs)  marod]  anzad)
Actual T417.67| 10302.09| B5439.69] 4513.54] 3120.66{ 7432.98 10200.68| B5626.71 4452, 3151.37]
Average/Std Dev 89.70} 90.00}
ramets 100 100 200) 300] 75 100 100 20 a00]
Predictions 6591 1743l 10630 eoe] s 7087 110,41 1397 20408 148,
Actual 71.18] 15173 o4s3] ad27i|  1s 60.92| 139.48 139.69 sfal mﬁ
[Model |21 I [ Model |4.2.2 |
Exp 4897 21 a7o6| 3169 3 4851 2664 3813 3.062) 3
| Squared -5.524) 20 -4 8| 0f -5.718 20 -4.135) B 0
lincar 1 170 60.788) 10| 39.97] 100) 170 4s018] 15485 34481 100
I|m5 30 114,255 532.133) 236.191 20097 30 102719 547.456] 13]i 400
linear .01 20050 2010f  ooos0]  20000]  20087.229) 20050 20010 2000 20080 20010
power 2 and interact G 70| 80.47 40 10 20) 67.20 @277 0] 10 2
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incar 1.2 om| 688005 260) 30 260} 210 20 260 2 %
linear 2 6 10068 16.762] 17 14 13137 25| 1 2]
Es 6 9692 12772 17 14 5.3%)| 25| s 2 25|
Average 96.1 96.4)
Taers 8000] 10000 6000 4000) 2000) 5000 10000 6000 4000] 2000
Predict 02027 87391  eoo4s7] 401892 239304 7820  oorea7|  somees|  asaess|  1711.sd]
lactual 7600.31 at67.00  soeas7|  sizrss] 301112 720825 Boar3s|  stadet|  4ooe. 2273.33]
et
Average/Std Dev 79.50| 83.90]
Targets 75 100 100 200) 300} 75 100 100
Predictions 5447 o100 1417  evzs] 101 72.90] 1oge] 12109 mjﬁ Wﬁ
(Actual 81.72 1524711 15052]  za047] 12306 91.16| 134,89 10152  240.26] 71.00|
Model  |4.3.1 | | | Model [4.3.2
aﬁ 4.114) a@l L% 3 461 40571
1 6. 001 1821 4 0 4914
185.304) w o 3ta.192] &0 178, %
25_%‘ 10 a7 291.267) 200,437 281 10
20020) 2000]  200s0]  20080) 20000 20020] 20010
60] 60 10) 60| %)
s|  se0] o a0) ﬂ s sl
160.228) s o6 130 120 114.966) 20
6 9517 5 3 1 B 4676)
1 1] 1 20) 3 2 17
94.4 48]
1 6000) 4000) 1 6000 4000 2000)
7966. m% 5808|4036 am% ma% wueﬁ a20701  40s8es 223057
725428]  osoate|  seeazel 514.3 2608.88 o7 s21037] 5603 z7s2e
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75 100] 100] 200] 300] 7 100] 100 200 a00]
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Table 5: Trial and Error settings and results for two runs, A and B

Goal Seeking

A B A A B
EXP (110 7) 5.00 4, 4,00 1.00 1.CKJI
375.97 139.24 61.98 5.07 5.29
Squared (-4 o 20) 20.00 5.00 10.00 0.00 0.00
438.04 35.24 102.55 0.39 0.44
linear 1 (10 to 200) 20.00 20.00] 20.00 20.00 20.00
209.30 209.36] 201.27 206.23 206.67
linear 5 (10 to 900) 140.00 280.00] 300.00 280.00 200.00
704.65 1404.68] 1500.63 1403.11 1003.33]
linear .01 (20010 to 20020) 20020.00 20020.00] 20020.00 20020.00  20090.00]
200.21 200.21 200.20 200.21 200.91
power 2 and interact G (10 to 100) 78.00 T7. 60.00 5.00 15.00}
7092.53  6926.37 6027.94 91.34 1039.22
interact F + linear 1 (0 to 100) 10.00 104 40.00 10.00 50.00]
-851.73 841.39 -2372.57 -49.11 -743.11
linear 1,2 (10 to 800) 10.00 10.00 100.00 10.00 220.00}
10.93 10.94 100.13 10.62 220.67|
linear 2 (1 to 25) 1.00 20.00| 25.00 25.00 25.00]
3.86 41.87] 50.25 51.25 51.33
linear 3 (1 to 25) 200 1.00| 13.00 22.00 11.00|
8.79 5.81 39.38 67.87 35.00
Random for error ger 0.93 0.94 0.17 0.23 0.13 0.62 0.
Target Average 000 Wl 1m 6000 2000 ﬁl
Target Average/Std Dev 75 75 100 100 100 300 300
Replicates
81925 81 32.3' 9986.2 9861.8] 5911.8 5991.9] 4026.0 4010.0 1987.0 2019.8
1 794471 7918.838 10144.09 10088.03] 5991.5037 5918.5032] 3999.9483 3975.8364 2000.90 2004.02
2| 7888.27 7901.3213 10156.29  9906.90] 5920.6753 6010.2837| 3987.4801 4012.4251 1975.88 1996.81
3 7906.54 8098.0685 10234.74  9863.12] 6042.3887 5978.2668| 4026.3962 3988.0898 1974.29 2002.20|
4 8053.10 B8140.193 10113.70  9880.23] 5984.8704 5961.3531| 3986.8347 4032.105 1995.20 2010.25)
5 7787.22 7901.4921 9971.97  9993.30] 6102.5033 6061.3946] 4004.5797 4023.9797 1999.89 2016.31
[ 7853.72 7897.3601 1016034  9805.49| 6065.0012 5926.9261] 3986.476 4019.4003 2004.80 2013.67,
7] 7878.92 7879.3081 10058.18  9849.81] 6075.9306 5894.0986]| 3981.7343 3982.5661 1990.92 2009.67|
8 8119.41  B120.473 10050.98 10115.87] 6017.4857 5929.9585| 4024.0248 4031.0306] 2006.23 2020.81
9 7839.25 B118.5182 10255.86  9937.17] 5974.0031 €049.2958] 3979.4831 3986.187 1981.61 2007.93
10| 7937.94 7995.3782 1019633 1 00_54.63| 5950.586 5904.1574] 4027.3632 4015.5243 1992.80 1993.96)
Average 7920.91 7997.10] 10134.25 9948.45| 6012.49 5963.42] 4000.43 4006.71 1992.24 2007.56
Std dev 99.90 110.00 B87.87 106.84 58.45 59.80| 19.18 21.37 11.52 8.45
Av/SD 79.29 72.70] 115.34 93.12| 102.86 99.73| 208.62 187.49| 172.86  237.51




Appendix G

Placket Burman Analysis

Gloss
Estimated Effects and Coefficients for Gloss
Term Effect Coef StDev Coef T P
Constant 42.546 24.2815 198 0.222
RFM -2.000 0.4027 -4.97 0.038
Extruder 1.934 0.5871 3.29 0.081
Air Ring 0.794 0.0519 15.29 0.004
Cylinder 2.163 1.082 0.5794 187 0.203
Cylinder -0.052 -0.026 0.3038 -0.09 0.939
Cylinder 3.089 12545 0.2183 7.08 0.019
Cross 2.072 1.036 0.4061 2:85 D125
Die 0.528 0.264 0.3230 0.82 0.500
Frost 10.263 B 132 0.4414 11.63 0.007
Output -4.077 -2.039 2:.5F37 -0.81 0.504
Linear -2.359 ~1.179 0.3146 -3.75 0.064
Analysis of Variance for Gloss
Source DF Seqg SS Adj 8S Adj MS F
Covariates 3 518.883 366.717 122.239 225.57
Main Effects 8 241.368 241.368 30.171 55.68
Residual Error 2 1.084 1.084 0.542
Curvature 1 0.372 0.372 0.372 0.52
Lack of Fit 1 0.712 0.712 0.712
Total 13 761.335
« Centerpoint Main Effects for Gloss
P PP P @ P PR @O P P e
$0 | - . - - - - - -
|5 -
g &0 —\/ sule
845 -
20 -
Cylinder Cylinder Cylinder  Cross He Die Frost Li Output Linear %
Haze
Estimated Effects and Coefficients for Haze
Term Effect Coef StDev Coef T P
Constant 0.8695 1.48002 0.59 0.616
RPM -0.1299 0.02455 -5.29 0.034
Extruder 0.4405 0.03578 12.31 0.007
Air Ring -0.0013 0.00316 -0.41 0.720
Cylinder 0.9478 0.4739 0.03532 13.42 0.006
Cylinder 0.4322 0.2161 0.01852 11.67 0.007
Cylinder 0.0041 0.0021 0.01330 0.16 0.891
Cross 0.9088 0.4544 0.02475 18.36 0.003
Die -0.2925 -0.1462 0.01969 -7.43 0.018
Frost -0.1801 -0.0900 0.02690 -3.35 0.079

P
0.004
0.018

0.602



Output -1.2412 -0.6206 0.15382 -4.03 0.056
Linear -0.1632 -0.0816 007977 -4.25 0.051
Analysis of Variance for Haze
Source DF Seq SS aAdj ss Adj Ms F B
Covariates 3 3.23020 0.63056 0.210188 104.40 0.010
Main Effects 8 1.39541 1.39541 0.174427 86.64 0.011
Residual Error 2 0.00403 0.00403 0.002013
Curvature 1 0.00096 0.00096 0.000957 0.31 0.676
Lack of Fit 1 0.00307 0.00307 0.003070
Total 13 4.62964
+ Centerpoint Main Effects for Haze
W B P O P P gt WP B a0 D
108
106 -
§ 104 o __ LY e
L d
102
100 -
Cylinder Cylinder Cylinder Cross He Die Frost Li Ouput Lincar %
Gauge Spread
Estimated Effects and Coefficients for Gauge Spread
Term Effect Coef StDev Coef T P
Constant 2.620 46.7885 0.06 0.960
RPM -0.041 0.7760 -0.05 0.963
Extruder 0.879 T332 0.78 0.519
Air Ring -0.318 0.1000 -3.18 0.086
Cylinder 1.502 0.751 12065 0.67 0.570
Cylinder 1.827 0.914 0.5855 156 0259
Cylinder -1.832 -0.916 0.4206 -2.18 0.1861
Cross =1.528 -0.764 0.7826 -0.98 0.432
Die -2.629 -1.314 0.6224 -2.11 0.169
Frost -1.057 -0.528 0.8505 -0.62 0.598
Output -0.556 -0.278 4.8629 -0.06 0.960
Linear -2.685 -1.343 0.6061 =221 0157
Analysis of Variance for Gauge Spread
Source DF Seq SS Adj SS Adj MS F P
Covariates 3 15.0410 27.5711 9.19036 4.57 0.185
Main Effects 8 53.8634 53.8634 6:73293 335 0250
Residual Error 2 4.0242 4.0242 2.01208
Curvature 1 3.999 3.9991 3.99907 159.41 0.050
Lack of Fit 1 0.0251 0.0251 0.02509
Total 13 72.9286



« Centerpoint Main Effects for Gauge Sp

M D e P B M b 0¥

5 - - - - - - - -

Cylinder Cylinder Cylinder Cross He Die Frosi Li Cutput Linear &%

Regression Analysis

Gloss
The regression equation 1is
Gloss = - 25.3 + 0.108 Cylinder1 - 0.0026 Cylinder2 + 0.154 Cylinder3 + 0.0691

Cross Head + 0.0132 Die + 0.0684 Frost Line - 1.16 Output - 0.236 Linear % - 2.00
RPM + 1.93 Extruder Amps + 0.794 Air Ring

Predictor Coef StDev i, P
Constant -25.33 31.88 -0.79 0.511
Cylinder 0.10816 0.05794 1.87 0.203
Cylinder -0.00261 0.03038 -0.09 0.939
Cylinder 0.15447 0.02183 7.08 0.019

Cross He 0.06907 0.02707 2255 0.125

Die 0.01319 0.01615 0.82 0.500

Frost Li 0.068423 0.005885 11.63 0.007
Qutput -1.165 1.442 -0.81 0.504
Linear % -0.23587 0.06291 =2 i 0.064

RPM -2.0002 0.4027 -4.97 0.038
Extruder 1.9338 0.5871 3.29 0.081

Air Ring 0.79367 0.05191 15.29 0.004

8 = 0.7361 R-Sg = 99.9% R-Sg(adj) = 99.1%
Analysis of Variance

Source DF SS MS F P
Regression 11 760.251 69.114 127.54 0.008
Error 2 1.084 0.542

Total 13 761.335

Haze

The regression equation is

Haze = - 12.3 + 0.0474 Cylinderl + 0.0216 Cylinder2 + 0.00021 Cylinder3 + 0.0303

Cross Head - 0.00731 Die - 0.00120 Frost Line - 0.355 Output - 0.0163 Linear % -
0.130 RPM + 0.440 Extruder Amps - 0.00130 Air Ring

Predictor Coef StDev T P
Constant -12.252 1.947 -6.29 0.024
Cylinder 0.047389 0.003532 13.42 0.006
Cylinder 0.021612 0.001852 11.67 0.007

Cylinder 0.000207 0.001330 0.16 0.891



Cross He 0.030292 0.001650 18.36 0.003

Die -0.0073124 0.0009844 -7.43 0.018

Frost Li -0.0012005 0.0003587 -3.35 0.079
Output -0.35463 0.08790 -4.03 0.056
Linear % -0.016316 0.003835 -4.25 0.051

RPM -0.12989 0.02455 =5.29 0.034
Extruder 0.44049 0.03578 12.31 0.007

Air Ring -0.001303 0.003164 -0.41 0.720

5 = 0.04487 R-Sg = 99.9% R-Sg(adj) = 99.4%
Analysis of Variance

Source DF s8 MS F P
Regression 11 4.62562 0.42051 208.87 0.005
Error 2 0.00403 0.00201

Total 13 4.62964

Gauge Spread

The regression equation is

Gauge Spread = 24.3 + 0.075 Cylinder! + 0.0914 Cylinder2 - 0.0916 Cylinder3 -
0.0509 Cross Head - 0.0657 Die - 0.0070 Frost Line - 0.16 Output - 0.269 Linear %
- 0.0417 RPM + 0.88 Extruder Amps - 0.318 Air Ring

Predictor Coef StDev T P
Constant 24.33 61.56 0.40 0.731
Cylinder 0.0751 0.1116 0.67 0.570
Cylinder 0.09136 0.05855 1.<.56 0.259
Cylinder -0.09761 0.04206 -2.18 0.161

Cross He -0.05093 0.05217 -0.98 0.432

Die -0.06572 0.03112 -2.11 0.169

Frost Li -0.00704 0.01134 -0.62 0.598
Output -0.159 2.779 -0.06 0.960
Linear % -0.2685 0.1212 -2.21 0.157

RPM -0.0411 0.7760 -0.05 0.963
Extruder 0.879 1,131 0.78 0.519

Air Ring -0.3177 0.1000 -3.18 0.086

8= 1,418 R-Sg = 94.5% R-Sg(adj) = 64.1%
Analysis of Variance

Source DF Ss MS F P
Regression 11 68.904 6.264 3.1 0.268
Error 2 4.024 2.012

Total 13 12929
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STAGE 1 STAGE 2 STAGE 3 STAGE 4
Area Innacence Awakening Commitment Warld Class
Implementation
1. Management .

Quality, a necessary evil
Problem detection/sorting

Quality, a cost
Problem carrection

Quality, an economic
imperative
Resaurces 1o prevention

Quality, a superordinate
value

Prevention-a way of lile

2. Qrganization

Vertical Management
QC-~the paliceman

Matrix Management
QA has quality responsibility,
bul little authaority

AD hoc problem-salving
teams

Quality respansibility
deplayed tao line lunclions

Teams and locused lactories
All employees responsible lor
quality

3. System/Measurement

QC manuals
No quality costs

QA palicy/established
Quality cos!s gathered

QA system established/
implemented/audited

Cos! of poor quality reduced
over 50%

Cantinuous, never-ending
improvement

Intangible quality casts
attacked

4. Tools

Data pollution, little analysis
Na SPC

7 QC to0ls
Elementary SPC—contral
charts

Design of experiments (DOE)
SPC: posilral, precantral

Design DOE
QFD, MEOST
Poka-Yoke, NOAC, TPM

5. Customer

Profit over customer

satistaction

Selling vs. marketing
Voice of the engineer
dominates

Customer inputs sought
Custamer measurements
started

Voice of the customer
researched thru quality
function deployment, canjaint
analysis, elc.

Custamer enthusiasm
Next operation as “customer”
pervades lhe arganization

6. Design

“Toss over the wall” ta
production
Concentration only on
performance parameters
Reliability techniques
unknown

Eng./Mlg. teams lor new
products
FMEAs, FTAs

Design for manulacturability

—Accelerated lile tests

Design for zero vanation and
zero lailures

Multiple environment
oversiress test

User-triendly built-in
diagnostics

7. Suppler

Adversarial relationships
Table-pound for price
AQLs: 1 1o 2%

Start al mutual trust and
reduced. supplier base .
ALQs below 0.5% \

Parinership supgpliers
| supplier per pl. no.
AQLs below 100 ppm

Supplier an extension ol
company

Quality, cost, and cycle time
help to supplers
Sell-centified suppliers

8. Process/Manultacturing

High scrap, rework
Poor yields

Low uptime

Cpy unknawn

80-90% yield
Cpk<1.0

Tolal dafects/unit measure-
men|

Cpx1.33102.0

FOE concept introduced

Scrap eliminated
Insp./test greatly reduced
Cpx>5.0

FOE > 85%

9. Suppon Services

Poor quality, high cost, lang
cycle time
No measurements

Next Qperation as Cuslomer
(NOAC) concept introduced
Steering commitlee, process
awners, and improvemant
leams established

Internal customars measure
internal supplier performance
Quality, cost. and cycle time
improvement tools used

Internal customer evaluation
replaces boss evaluation
Financial incentives/
panallias astablished within
NOAC

10. People

People—pair al hands
Mgmt. averbearing
Pervasive lear

No training

Quality circles

Mgml. still not involved with
paople

Sporadic training

Mgml. panicipatory
Waorkars involved, multiskilled
Gain sharing

Training implemented on the
10b with measurad resulls

i B+ o

_leadership

“Every employee a manager”
Sell-Directed Wark Teams
Mgr. as consultant, not boss
From managemant to






