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“You must be a very brave man, Dr Knezevic, to present to the industrial world the work
of Ezeter and Europe’s first generation of logistics students,”

That was the repeated comment to my idea of having a symposium where all students on
the master course in logistics engineering would be able to present their industrial project
to fellow industrialists.

Today, when all of us are witnessing the presentations made by the students who started
the course in September 1991, [ can say that from early 1989 when the preparation for
this course started, firmly supported by people from industry and academia, I believed in
its success and contribution to the science of logistics. I feel that this symposium is not
a sign of bravery, but a sign of inevitability, Even more, it is a source of pleasure for all
of us, thanks to the hard work and great achievement of all the students involved, and to
the support given to them by their companies, families and friends.

[ feel extremely proud to be in a position to write the preface to this collection of industrial
projects produced by our Master Students and an additional contribution of three papers
made by research workers from our Research Centre for the Management of Industrial
Reliability and Cost Effectiveness, MIRCE. At the same time I would like to use this
opportunity to thank all the members of our Industrial Club led by the Board of Advisors
for their continuous support as well as for chairing the sessions of this symposium. A
special thanks must go to the British Aerospace Military Division for donating a prize for
the best paper presented.

I 'hope all of you, presenters and participants will have an enjoyable and memorable time
during these two days, and even more I hope the high quality of work presented will serve
as a useful contribution to the science of logistics and will assist you in the day to day
work. Finally, I would like to invite all of you practising logisticians to join us at Exeter
University to study, research, and transform the knowledge of logistics engineering and
management.

Exeter, July 1992. - J.Knezevic
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Encouraged by the favourable response from participants of the first Logistics Symposium
held at Exeter in 1992 to the papers presented by the our MSc students, this year I have
enormous pleasure to welcome several papers written by practising engineers from UK and
USA. In addition, four papers have been produced by research workers from the Research
Centre for the Management of Industrial Reliability and Cost Effectiveness, MIRCE.

I feel extremely proud to be in a position to expose the research work of our first generation
of Master Students to you, an undoubtedly well experienced audience, who can fully judge
their merit. It is a great tribute to their own hard work coupled with continuous support
coming from their companies, families and friends. It is also a great pleasure to be in
position to mix the students’ work with work produced by the experts from Industry. I,
as course director, firmly believe that the content of our course and the methods of its
delivery must be compatible with the needs and demands of practising engineers and that
our students, after graduation, should be able to make a positive impact to the industrial
community.

At the same time I would like to take this opportunity to thank all the members of our
Industrial Club, led by the Board of Advisors for their continuous support and for chairing
the sessions of this symposium.

I hope all of you, presenters and participants will have an enjoyable and memorable time
during these three days, and even more, I hope the high quality of work presented will
serve as a useful contribution to the science of logistics and will assist you in the day to
day work. Finally, I would like to invite all of you practising logisticians to join us at
Exeter University to study, research, and transform the knowledge of logistics engineering
and management.

J. Knezevic
Exeter, July 1993

(©University of Exeter, (Research Centre for the Management of Industrial Reliability and
Cost Effectiveness, MIRCE)
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Welcome to Exeter and the 4th International Symposium. On behalf of the Research
Centre for the Management of Industrial Reliability and Cost Effectiveness of Exeter
University, and the South West Chapter of the Society of Logistics Engineers, | am
delighted to have this opportunity to express our hope that you will enjoy this unique and
outstanding annual event.

The programme which we have proudly prepared for you offers a variety of activities.
The Organising Committee took particular care in providing a good balance between
different industries and disciplines where logistics issues are playing important roles.
The quality of the papers selected, workshops and panel sessions illustrates the strength
of the Logistics Engineering, as a new scientific discipline, destined to improve many
aspects of Life on this planet. The strength and the progress of our science lies aiso in
the great international co-operation between Industry, Users and Academia on a global
scale envisaged by both the Centre MIRCE and the Society of Logistics Engineers.

The Symposium is packed full of events which will, | hope, make a positive contribution
to your knowledge and experience and also provide a chance to meet with others from
many companies in pleasant and friendly surroundings.

| hope all of you, paper presenters, panellists and participants will have an enjoyable and
memorable time during these three days, and even more, | hope the high quality of work
presented will serve as a useful contribution to the further progress of the science of
logistics in the long term and will assist you in day to day work in the short term.

J. Knezevic
Symposium Chairman
Exeter, December 1994

© The Research Centre M.I.R.C.E., 1954
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Managing Transition
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Technology Readiness to System Fielding

H. L. Manuel

US Department of Defense -- Ballistic Missile Defense Organization
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Dynamics Research Corporation, Arlington, VA

D. A. Grover

Washington Square Associates, Falls Church, VA

Abstract

The US. Miilitary system acquisition
process has changed dramatically in
recent years. In the new acquisition
environment, the Clinton
Administration has placed great
emphasis on technology readiness
programs as a means of coping with
uncertain threats and decreased
budgets. Major streamlining of the
laws governing defense acquisition is
also underway. Traditional ideas and
approaches to assuring system
supportability are no longer
acceptable and new alternatives must
be found.

The US. National Missile Defense
Technology Readiness program is one
of the first programs to be developed
using the new acquisition approach.
The Ballistic Missile Defense
Organization (BMDO) has developed
a tailored planning and management
concept and tools designed to manage
the transition from technology
readiness to a logistically supportable

19.

operational defensive system. BMDO
is developing and maturing ballistic
missile defense technology, while
maintaining the option to deploy a
limited operational Anti-Ballistic
Missile defense capability. This paper
provides the international Ilogistics
community with insight into
management techniques being used
by one of the first US programs
developed in the new acquisition
environment. It describes how
BMDO's innovative logistics
management maintains deployment
readiness and assures operational
suitability in a highly complex
technology readiness program.

1.0 Introduction

The National Missile Defense (NMD)
Technology Readiness (TR) program
was established as a result of
Secretary of Defense Aspin’'s “Bottom
Up Review” of US defense programs
in 1993. The TR program was
established because of the lack of a
defined threat requiring a full scale
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Welcome Address

Dear participants

On the threshold of the new millennium, it's my great pleasure to welcome you to this
well-established International Event, on System Operational Effectiveness.

After 8 years of chairing this event on behalf of the Centre for the Management of
Industrial Reliability, Cost and Effectiveness, M.I.R.C.E., of Exeter University, this year
| am delighted to be in position to do the same job, but this time under the colors of a
new and exciting organisation. That new organization is the Mirce Akademy, which was
established in 1988 under my leadership, as an independent Institution for promoting
System Operational Science through research, independent education and technical
services.

The Programme, proudly prepared by the Technical Committee, offers a variety of
topics, which provide a good balance between different industries where multi-
disciplinary facets of system operational effectiveness are plying important role.

The strength and the progress of our science lies also in the great international co-
operation between, producers, users, researchers and educators on a global scale, as
actively promoted by both organizations, The Mirce Akademy and SOLE: The
International Society of Logistics.

| hope that you will find the Proceedings stimulating and beneficial to your existing
knowledge and experience, and motivating for further improvements and innovations. |
can not think of any better place for worldwide networking, than the pleasant and
friendly staff and facilities of Woodbury Park.

My sincere thanks go to our Honorary Chair Jack Hessburg; Chief Mechanic New
Airplanes (retired) form the Boeing Company, Co-Chairs, Dr Dinesh Kumar and Dr
Dinesh Verma and members of Technical Committee. Also, | whish to recognize a
contribution to this Symposium made by members of SOLE, in particular Clive Nicholas
who has been a great link between the Exeter SOLE Chapter of staff of the Mirce
Akademy, which made this event possible.

All of us from the Mirce Akademy are looking forward to developing System
Operational Science, with you, in next millennium, or two.

/Dr/J Knezevic
Symposium Chairman
. Woodbury, December 1999.

Copyright, The Mirce Akademy, 1999.







Operational Life Extension of Missile-based Systems
through a Statistical Analysis Methodology

Luciano Pizziolo
NAMSA - NATO Maintenance and Supply Agency

Abstract

Significant political and economical changes have taken place during the last decade in the
international scenario. On one side, new tasks have been assigned to the Armed Forces, like
peace enforcing and peace keeping. On the other, there has been a generalised downsizing of
forces and related budgets. This situation has generated for Defence planners the need to keep
in service defence systems beyond their original design life. In case of systems using
shelf/service life components, like missile-based systems, this poses a problem both of safety
and of performance. The article proposes a statistical analysis methodology that utilises data
from surveillance tests to assess shelf/service life projections. The economic viability of the
proposed solution is also proved.

1. Introduction

The recent changes in the global strategic balance of forces, following the disintegration of the
powerful Soviet Union and the dissolution of the Eastern Block alliance, generated in some
Western World political and social forces the perception that Defence issues were now less
pressing. Consequently, increasingly significant cuts were made in Defence budgets.
Meanwhile, changes in the political scenario with the Middle East instabilities and the ethnic
conflicts in the Balkans area, required of the military apparatus the capability to play new roles
in addition to the standard one of defending the Country in the land, air or sea warfare, like
peace-enforcement and peace-keeping missions.

The broadening of the scope of the mission assigned to Defence forces, together with the
shrinking of related budgets, posed to Defence planners a very difficult problem to solve. In fact,
new systems had to be acquired to enable the military forces to play the additional roles
assigned, and new skills had to be developed in the military personnel, to fulfil the peace-
keeping/peace-enforcement missions. Both required investments, the first in development of
new technologies, the second in training. However, budgets were meanwhile shrinking to only a
small fraction of what they had been only a few years before.

A solving approach to this difficult problem was put in place by Defence planners through
careful tailoring of forces to expected threats, and by budgeting only for development of a few
high-tech new systems, possibly in a multinational co-operation scenario to further reduce costs
through economies of scale.

Meanwhile, efforts had to be made to keep existing systems in service beyond the original
design operational life. This meant, amongst the others, removing all technological obstacles to
extension of operational life, which is commonly accomplished through affordable modernisation
programmes, given the budget constraints. Here, the logisticians play a major role in the
assessment of alternatives for the selection of the options that guarantee achievement of the
assigned operational goals at the lowest possible Cost of Ownership.

In the case of missile-based Defence systems, this approach also involves taking into
consideration shelf/service-life items like rocket motors and the associated ignition devices.

In fact, postponing replacement of rocket motors, which would otherwise have reached the end
of their desian life. means very sianificant economies. However, this can only be accomplished
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Assessment of Inspection Effectiveness

Richard Marshall Smith
Rolls-Royce Plc

Abstract

Throughout the life cycle of the more expensive or safety critical products, inspection is
used to determine condition. This indicates whether the component or product is fit for
purpose (or continued use). Determination of the effectiveness of the inspection
regime is an important part of quality control. Tests are often carried out to qualify the
regime as effective. Testing is expensive but is effective for mass production or where
the variables that affect the outcome are known and limited. Automated inspection
processes can often be used leading to high degrees of consistency.

When inspection is required on products in-service, there is a tendency towards greater
variation in effectiveness. This is due to the large number of variables affecting the
outcome. When inspection is carried out by personnel on in-service equipment, the
probability for variation is at its greatest. For safety critical products, variation brings an
increase in risk which may be unacceptable. This paper discusses, develops and
offers a solution to the problem of determining the effectiveness of inspection.

1 Introduction

Some of the products developed and produced in the field of engineering are complex
and can have the potential for catastrophic consequences if they fail. This damage can
be self degrading but, more - critically it can cause the loss of life and damage to
property.

Because of the failure consequences encountered in this type of product, exhaustive
efforts are made to ensure the probability of such events are understood, quantified
and minimised. This involves a product development programme that brings a myriad
of engineering disciplines into play in order to develop a product that meets the
customers’ technical requirements and the regulatory bodies' requirements for a safe
system in a cost effective way.

At any stage in the life cycle from material through finished piece parts to in-service
use, the Inspection task is used to ensure build to design, serviceability and sometimes
safety.

The effectiveness of inspection must therefore be high for both life cycle cost
implications and for safety considerations. The problem is how high should it be and
how can it be measured and estimated.

Study of the literature on the subject of Inspection Effectiveness shows that very little
work has been done in this field. There are many differing types of inspections and
each brings its own particular problems. A method is required which allows the analyst
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MFOP in Practice

John Crocker
Rolls-Royce plc

December 2000

Abstract

In order to be able to quote a maintenance-free operating period, the manufacturer
must have confidence in the product. It is not sufficient to be sure that all the
necessary quality assurance procedures are in place, it is also necessary to have a
good knowledge of how reliable the product will be over its whole life. This will mean
not only understanding the physics of failure but, will also involve considerable pre-
production testing or an extended initial period while component reliability can be
monitored and established. In addition, strict controls will need to be enforced
regarding the maintenance policy since it is likely that many perfectly healthy looking
components will have to be replaced to reduce the risk of unplanned maintenance.
Finally, it will require the operator to have a full understanding of the cost implications
and a way of quantifying unavailability, in monetary terms. In this paper, we look at the
areas of reliability demonstration and determining the best maintenance policy for a
simple system with different cost drivers.

1. Introduction

Most of the papers on Maintenance Free Operating Periods (MFOP) have talked about
manufacturers guaranteeing that a system or sub-system will survive a given period
(e.g. 30 days or 150 [flying] hours) at a given probability of survival (e.g. 95 or 98%).
This is in recognition of the fact that it is impossible to make anything that will never fail
if operated for long enough and that, in most cases, these failures are to a greater or
lesser extent unpredictable:

In this paper, we will start by looking at how, knowing the type and shape of the time-
to-failure (TTF) distribution for a given item, we can determine the characteristic life
needed to give the desired probability of survival (PoS) for a stated length of MFOP,
Having established this value, we then look at how we determine, with varying levels of
confidence, the actual characteristic life. Once we have derived the TTF distribution,
we will then look at a simple system consisting a number of these items and look at the
effects of three prime cost drivers on selecting the “best” maintenance policy.

The item chosen is a very idealised sparkplug being operated in a 4-cylinder car
engine. For the purposes of comparing the effects of the three cost drivers, the system
chosen is a fleet of 1000 of these cars which will be operated for a limited mileage and
then decommissioned. The three cost drivers chosen are parts, labour and (vehicle)
recovery.
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“Should wind turbines be prepared for winter or left to
their own devices?”
Dr John Crocker, Science Fellow, MIRCE Akademy, UK

Deep sea wind farms 1n very high latitudes face a “winter” that typically
lasts for around 6 months during which time the seas around them are
likely to be frozen making them inaccessible during this period. At other
times, they may also not be particularly easy to reach due to bad weather
conditions ranging from thick fog to gale-force winds making
approaching these remote farms very hazardous. If a wind turbine fails
during the winter, 1t will therefore be unproductive until a support vessel
can reach it which could be up to 6 months. However, support vessels
will generally have limited capacity and there may also be restrictions on
how long crews of mechanics can stay at sea (or inside a wind turbine)
so 1t may not be possible to service every wind turbine within a farm at
the end of a summer. The question this paper attempts to answer 1s what
the optimum opportunistic/preventative maintenance policy 1s given
limited resources and limited accessibility.



Grand Fellowship Award to Professor Ari Dubi
Sth December 2001, Woodbury Park, Exeter, UK.
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Master Class

System Engineering Trade-O1l

Jack Hessburg
Chief Mechanic New Airplanes (RTD)






13th International MIRCE Symposium

System Supportability

A 21st Century Business Winner

2 - 4 December 2003, Woodbury Park, Exeter, United Kingdom

Ineiuding a

Master Class

System Engineering Science

presanted by

Professor Arie Dubi

Professor of Engineering, Ben-Gurion
University of Negev, and
Grand Fellow of the MIRCE Akademy

based on his new monograph published by the
MIRCE Akademy and to be launched at the
Symposium

System Engineer

Supportability Englneer

Supportabifity Manager
Intagrated Logistic Support Enginase
Integrated Loglstic Support Manager
Specialist In -

Maintainabifity
Maintenance Economics
Meimenance Programming
Retiability

Support Equipment
Lagistics Support Analysls
Initial Provisioning
Spares Forecasting
Cost Anatysis

Training

Human Factors

Customer Support Manager

Availability Manasger
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Leading Practitioners

Management
presented by

lan Bennett

Process
presented by

Barry de Beer
Mirce Akademy

Featuring Workshops by

System Through Life Cost

Director, Tribal Government Consulting

Managing the Integrated
Logistic Support (ILS)
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Group

Asset Management in Renewables

Providing insight, embracing complexity and integrating business
Mark Willis — Senior Business Manager (Energy)

LSC Group Ltd.
www.lsc.co.uk
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An Integrated Programme
’prasentﬂd by researchers,
Jevelopers and practical users
led by Dr Jezdimir Knezevic

Compatible with current
National and International
Industrial and Defence
Standards and Procedures

New Format
Symposium



Grand Fellowship Award to Professor Michael Pecht
December 2005, Woodbury Park, Exeter, UK.
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Advances in Techniques,
Tools and Technologies

16th International
MIRCE Symposium

Managing In-Service
Reliability, Cost and
Effectiveness

Woodbury Park
Exeter

United Kingdom
& — 8 December 2006

Presentations
Workshops
Exhibition
Publications

Register Now

Online wownar . mirce.com

Email mircef@mirce.net
Fax +44 (D) 1395 233 893
Phone +44 (0) 1395 233 856

The Symposium mow i (i
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B Customer Supmport,
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B Mo Factors,
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7th December 2006, Woodbury Park, Exeter, UK

Honorary Fellowship Award
to
Dr Milija Koldzic
(1950 — 20006)

For the development of the
Method for the Analytical
Calculation of the Time to Failure

Distribution Based on Multi- . .
Variable Accelerated Dr Milijja Koldzic

Experimental Testing 1950 - 2006
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18th International
MIRCE Symposium

System Operational Effectiveness

Achieving
Performance
Targets At

L east Cost

Supported by

N\
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o Woodbury Park
> BMT Reliability Consultants Exeter
United Kingdom
3 - 5 December 2008
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excellence in reliability

7] Mirce Science

Register Now
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Mirce Engineering 2 mirce@mirce.net




NATO - AN AWKWARD CUSTOMER

Mr Graham Robertson
Chief
Air Command & Control Systems (AC2S)
Evaluation & Support Management Section
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19th International MIRCGE Symposium

2 — 3 December 2009, Woodbury Park, Exeter, United Kingdom

Engineering & Managing Sustainability
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21t MIRCE International Symposium
5 - 7 December 2011, Woodbury Park, Exeter, UK

MIRCE Mechanics*

- The Key for Effective In-service Support -

Public Sector Reality:

“Britain will be forced to temporarily mothball 40 out of 67 WAH-64 attack helicopters because training
delays mean insufficient aircrew will be ready to operare the type. Mid-2004 will see at its peak 40 WAH-
64 in storage following delivery. This is primartly because problems in development of the full mission
simudator resulred in the start of main pilot conversion program being delayed from Septeniber 2001 to
Seprember 2003. Aircraft have already begun to be stored at the RAF site at Shawbury, and this will

continue at least untl 2006 (Aviation Week & Space Technology, 4.11.2002)

Business Sector Reality:

“Sipping a cold beer in the transit lounge of Kisumu Airport, Mr AW .Sambu. a Nairobi
businessman, said: “Ir appears that I shall be here for twe weeks. Our Kenyva Airvays flight to Berlin
could not take off becanse as we boarded her the plane developed a flat tvre. The ground staff tried to
reinflate it with a bicycle pranp — but all in vain. I think it is disgraceful that our national carrier planes
should eperate withenut spare tyres.”




Richard F.W. Bader Memorial Lecture

Professor Mark E. Eberhart

Molecular Theory Group, Department of Chemistry and Geochemistry, Colorado School of Mines, Golden, Colorado, USA

On this 28 day of May in the year 2012
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231 MIRCE International Symposium
3 — 5 December 2013, Woodbury Park, Exeter, UK

Functionability Maintenance*
A Tribute to Jack Hessburg (1934-2013) - Grand Fellow of the MIRCE Akademy

Jack Hessburg was the first person in the history of aviation tasked to work with the design team to create a
maintenance friendly aircraft. In that role he created his own job title — Chief Mechanic. He wrote his own
job description — to design flying machines that will be loved by gate mechanics and in doing that. operators
and the flving public would also be happy.

His talent, experience and passion for flving exceeded all expectations and today. 18 years later Boeing 777

is still loved by mechanics. as it is easy to fix, adored by the flying public as hardly ever a flight is cancelled
and it is well respected by the competitors because of its high level of in-service reliability. safety and
functionability.
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24" MIRCE International Symposium
2 — 4 December 2014, Woodbury Park, Exeter, UK

Maintaining Operational Effectiveness
_Mirce Mechanics* Methods, Principles & Tools -

System Operational Effectiveness
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Richard F.W. Bader GFMA - Memorial Lecture

Dr Mariusz Pavel Motoraj

University of Krakow, Poland
On this 3 day of June in the year 2014



25" MIRCE International Symposium

8 — 9 December 2015, Woodbury Park, Exeter, UK
In-service Reliability

Prognostics and Troubleshooting as Mechanisms of Motion in Mirce Mechanics
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Richard F.W. Bader Memorial Lecture

“I enjoyed your visit, very much”, Richard, 7™ April 2010
Dr Jezdimir Knezevic, MIRCE Akademy, Exeter, UK.

On this 19 day of May in the year 2015



26" MIRCE International Symposium
13 — 15 December 2016, Woodbury Park, Exeter, UK

Science Based Functionability Management

“Science deprives many from the right to have an opinion.” A. Dubi
15th December-Workshop: Monte Carlo Method for Engineers & Managers

Maintainable System Functionability

Planned Output /
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..il"‘"p'

/




Maintenance Tools
for delivering Availability

Chris Hockley

Lecturer & Business Development
Cranfield University at the Defence Academy
(Centre for Defence Acquisition)

& EPSRC Centre for Innovative Manufacturing in
Through-Life Engineering Services

at Cranfield Bedford



27t MIRCE International Symposium
12 — 14 December 2017, Woodbury Park, Exeter, UK

Reliability Beyond First Failure

R (D=ITTF, >1)=R(Nx [1 —(1 -, R,(t))] x R, (1)










28 MIRCE International Symposium
11 - 12 December 2018, Woodbury Park, Exeter, UK

What is Beyond Reliability Function?

Reliability Function
\2 2222222222222 °2°22°?2°22°2°2°27°?7 |

-
A
()]
LL
=
=
a
IS
=
(]
e

time [hrs]







29t MIRCE International Symposium
3 December 2019, Woodbury Park, Exeter, UK

MIRCE Science:
Maintaining Functionability Performance
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30" MIRCE International Symposium

15 December 2020, Woodbury Park, Exeter, UK

Impact of COVID-19 on the Industrial Reliability,
Cost and Effectiveness of Functionable Systems

* Free attendance
* Donations to:

World Health Organisation

COVID-19
Solidarity

Response
Fund

MIRCE Akademy wishes you Healthy & Happy 2021

http://www . mirceakademy.com/uploads/MIRCE-International-Symposium-2020.pdf
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Distribution of COVID-19 cases as of 21 March 2020, 23:59 (CET)
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Physiological Host Response Pathogenic Host Response

I. Viiral Entry & Early Infection Il. Host Immune Response 1k Hyperiﬁﬂammatcryﬁ?hm IV. Multiorgan Dysfunction

PR Sy

Disease Severity

o O
Early Phase: Late Phase:

Macrophages Cytotoxic T
& Dendritic cells

cells
% * Viral infection via ACE2 and  * DAMP/PAMPs recognition * Excessive infiltration of » Extra-pulmonary organ
g TMPRSS2 e Pro-inflammatory cytokine and lmmum.n cells in the Iu'ngs mw?lve.rnent
@ » Active replication and viral chemokine release . 5)‘5“_!"‘"‘-' overpmductro_n of * Activation of
) release, causing pyroptosis  « Monocytes, macrophages and pﬁ'”&:mmamw ?tc;k'"es procoagulant
b4 virus-specific T cell recruitment B ASEYMNS th grietn reiponse

* Elimination of infected cells

Time since symptoms onset

“IGURE 1. Characterization of key events in COVID-19 disease pathophysiological progression
The dark blue shading indicates physiological viral host response over time, and the dark red shading indicates pathogenic hyperinflammatory host
response over time. Figure adapted from Ref. 124, with permission from the Journal of Heart and Lung Transplantation.
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