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I n t r o d u c t i o n

Although there are many detailed books cover-
ing specific and complex individual aspects of fleet
management and maintenance, this book aims to
address the key fundamentals of purchasing vehi-
cles or fleets, and their subsequent maintenance, in
a practical and straightforward manner. I hope to
outline the various facets of the numerous topics re-
lated to these subjects in a more approachable and
manageable way than many readers will have seen
before. I will discuss initial vehicle purchasing, op-
erational fleet reliability, life cycle costs, and per-
sonnel matters among other topics.

My experience is based primarily on commer-
cial and peacetime military maintenance activities
with small-to-medium fleet sizes, but the funda-
mental ideas discussed can be cascaded upwards or
downwards as required. Although many examples
used are military oriented, most of the principles
and processes apply equally to military and civilian
vehicle fleets alike. Furthermore, a method of im-
proving the fundamental performance of a battle
tank in strenuous conditions from World War II to
the present day will likely improve the performance
of a 21st century road transport vehicle. 
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Many other books cover specific aspects of the-
ory in their glorious complexity —Total Productive
Maintenance (TPM), Reliability Centered Mainte-
nance (RCM), Root Cause Analysis (RCA) and other
specific models. But they often do so without detail-
ing the basics of how to use these theories in order
to get on with simply maintaining your fleet on a
daily basis and improving its overall cost effective-
ness.

Due to the significant costs of purchasing,
maintaining, and operating modern vehicles; the
method (or lack thereof) we use to purchase our ve-
hicles, and the effects of fleet maintenance manage-
ment, can result in significant financial implica-
tions for your organization. In the 21st century,
these processes and costs are not only relevant to
the largest logistics companies and government
fleets, but also to the smaller local service providers
operating a fleet numbering no more than single
digits. In many cases, smaller operators may be
outsourcing most of their maintenance until their
size increases, but this also requires an awareness
of the maintenance processes involved. Mainte-
nance costs (whether outsourced or in-house), fuel,
and the training of personnel are all necessary, on-
going expenditures worthy of careful consideration
and management.

The initial capital outlay on any new vehicles
has to be well thought through. Any purchase of
new vehicles that are of a type not already present
in the fleet, or of additional vehicles, should be un-
dertaken with both care and steadiness of purpose.

In t roduct ion
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We need to ensure that the company’s financial bot-
tom line will not suffer after the vehicles’ introduc-
tion. The challenges include higher than antici-
pated maintenance costs, ancillary costs, and loss of
on-road time. In most cases, these issues could have
all been foreseen and prevented. 

Significant damage to a company’s finances or
reputation can be caused by misplaced priorities
with respect to large capital expenditures or by
companies being “penny smart and pound foolish”
across different financial budgets within an organi-
zation. On a number of different purchasing proj-
ects, I have seen the mechanical performance qual-
ities of new vehicles prioritized less than other
functional aspects, with long term detrimental ef-
fects. These situations affect the company’s fi-
nances in numerous ways over the lifetime of a ve-
hicle or fleet, with fleet costs being intricately
linked to the overall financial health of any organi-
zation. Any misplaced priorities when purchasing
vehicles can also have far reaching secondary or
tertiary effects for the new vehicles. We will discuss
these priorities throughout this book.

Every reader undoubtedly has some level of
experience or familiarity with the term mainte-
nance. However, maintenance can mean very differ-
ent things to different people at different times. My
definition is quite simple:

A process of preventing or resolving vehicle 
or equipment faults and failures.

In t roduct ion
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Whatever name is given to your maintenance
system, the procedures in place should not detract
from the overall aim which every maintenance sys-
tem — in every organization large or small – should
have in common. This goal is to continuously im-
prove the systems in place, to improve maintenance
quality and efficiency, thereby reducing wastage
and costs. We will approach the key fleet considera-
tions in a manner that will give non-technical man-
agers a general appreciation of where their fleet
maintenance management should be, or where it
may have to go, in order to achieve cost effective-
ness and the aims of your organization. 

Many companies are still not aware how ineffi-
cient their own maintenance is, or if they are aware,
they might not want anyone else to know. 

(Borris, 2006)

Throughout this book I will be giving practical
guidance on the best ways to manage fleet mainte-
nance and review possible failings in the mainte-
nance management of larger fleets. I do not main-
tain that this approach is “best practice” because I
have a very low tolerance for that term. What is
best practice for your individual business or organ-
ization are the procedures that give the best return
in your unique set of circumstances. Despite an en-
tire industry having grown around marketing the
idea of generalized best practice, there are few
generic best practices applicable to numerous indi-
vidual companies across one or more business
types. Pursuing generic ideas of best practice can

In t roduct ion
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often lead to increased costs and inefficiencies in or-
ganizations that are not suited to the implementa-
tion of a generic formula.

I do give a cursory mention to a number of the
models and theories that populate current thinking
regarding efficient vehicle maintenance, but these
are to highlight matters of importance and not sim-
ply for their own benefit. Likewise, I mention life
cycle costs, but this is not a book specifically about
that topic. In fact, life cycle costs, as is explained
later in the book, is fundamentally an umbrella
term and not an individually quantifiable expense.

The costs involved with mismanagement of a
fleet of vehicles increase significantly with the size
of the fleet. In addition, most large modern organi-
zations will suffer from some level of bureaucracy,
red tape, and missed opportunities to save money.
These negative aspects of modern business tend to
increase dramatically and disproportionately to
fleet or organization size. No different from other
costs incurred by any large organization, the larger
your fleet, the more means there are by which to
lose or waste money, and the more inefficiencies can
creep in. 

Misplaced priorities in fleet maintenance or
budget allocation also tend to increase out of pro-
portion to the size of an organization. As the main-
tenance management chain becomes longer, bene-
fits can be achieved through devolved budgets and
localized management. Unfortunately the increase
in bureaucracy in larger companies can compound
any problems of priorities and finances being mis-
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placed. An increase in maintenance flexibility can
often be given by devolved budgets with one hand
and taken away by bureaucracy with the other
hand. The length of a maintenance chain, with de-
volved finances, can therefore be a double-edged
sword.

The fleet maintenance role is becoming ever
more specialized due to the nature of modern vehi-
cles and, indeed, companies. This book is intended
not only to put into words what maintenance man-
agers may not realize they already know, but also to
provide insight and perspective to senior managers
who have overall responsibility for fleets and their
associated maintenance. In most cases, the topics
and principles are applicable across many different
scenarios — from road to sea transport and produc-
tion equipment to rail systems. This book may save
you money, time, and effort managing and main-
taining your fleet. It should also help you improve
efficiency. 

The channels by which money can be lost in
the initial purchase of vehicles or in maintaining a
fleet are many; and they are touched upon at vari-
ous points throughout this text. I discuss methods
that potentially could be used to identify and re-
solve these losses, and to review the benefit-cost
considerations, prior to making decisions about
how to proceed with fleet modifications or purchas-
ing of additional vehicles. These solutions are often
obvious, but not so often implemented or appreci-
ated during difficult economic times.

Unfortunately, implementing anything from
the smallest 5-minute task to the largest multi-
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month/year project requires an investment of both
effort and time. Nothing is free and indirect costs
must also be given due consideration in all aspects
of your fleet management. Without such considera-
tion, these costs can rapidly increase on an annual
basis. Among the biggest expenses are those in-
volved with the operation of vehicles. Sometimes
the methods by which these expenses can be re-
duced can also give secondary savings from other
budgets. This also has to be appreciated by senior
management and taken account of when reviewing
performance for different departments throughout
the year.

The $ and € symbols are fully interchangeable
in this text. In any specific example, the important
aspect is the underlying point, so feel free to think
in terms of any currency you wish. Also, some of the
names, locations, and project descriptions have
been changed to protect the people or organizations
involved, especially because many of the examples
derive from persons still serving in businesses or
militaries worldwide. The details of specifications
from technical military documents, such as
STANAGs, have also been altered or omitted for se-
curity purposes.

This book is intended simply as a sharing of
experience for the benefit of others involved in the
industry. If you wish to delve more deeply into any
specific area, please seek out any of the reference ti-
tles listed at the back of this book. Because of the
changing nature of technology in general and vehi-
cle technology in particular, learning is a never-
ending process throughout our careers. As such,
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feel free to adapt and improve upon any areas dis-
cussed to better fit your particular situation. 

I truly hope you will find this book beneficial.

In t roduct ion
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P A R T  O N E

V E H I C L E  P U R C H A S I N G





G e n e r a l  C o n s i d e r a t i o n s

Significant effort and work are required to en-
sure that a decision to purchase vehicles — and the
process involved in any such purchase of new vehi-
cles — does not lead to mistakes, excess costs, or
having a vehicle in operation that fails to meet 
expectations. A lot of this effort is similar to that
conducted during the management of any type of
project. Yet, the immediate and follow-up financial
implications for your business or organization can
often be many times larger with respect to a vehicle
purchase program. In an ideal world, when an or-
ganization needs to buy a fleet of vehicles, it would
always be possible to procure a number of vehicles
outright for thorough testing prior to deciding
which one to finally purchase. However, in the real
world of tight profit margins and limited budgets
across both the private and public sectors, this ex-
tensive testing is often not viable — or, in many
cases, it is simply disproportionately difficult to jus-
tify to an organization’s accounting department or
corporate management. As such, this book details
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an alternative method of vehicle selection, one that
does not involve testing to destruction and the con-
sequent necessary purchase of test vehicles.

The method of purchasing a new vehicle or
fleet of vehicles, as detailed throughout this book,
involves the allocation of points or marks based on
the priority allotted by your organization to a num-
ber of key areas. This will ensure that your organi-
zation receives the best overall end product based
on present technology and market availability. The
overall process is as applicable to the construction
and supply of sea-going vessels, aircraft, large
equipment projects, or a fleet of trains, as it is to 
on- and off-road motor vehicles.

Suffice it to say that the expansion of a vehicle
fleet, modification to the composition of that fleet,
or the purchase of a new fleet can have far-reaching
negative consequences for any organization if not
carried out both carefully and correctly. The de-
tailed process described here is for use on tender
purchases of multiple vehicles or an entire fleet; as
a general rule of thumb, it is not as applicable for
purchasing quantities of less than 10 road vehicles.
As with everything in life, however, there is an 
exception to this. If the purchase is going to tender
or there is a high price per unit — as may be the
case with some large specialized industrial vehi-
cles, or with respect to expensive rail or sea-going
vessels — then this process can still be imple-
mented economically.

Usually, only the purchase of buildings or ma-
jor production machinery will compare on the price
scale with the purchase of a fleet of new vehicles. In

Chapter  1
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addition, the majority of the capital cost of a major
vehicle purchase is what we know as sunk or
stranded costs. These are past costs that cannot be
recovered, except over the entire service life of the
vehicles.

The depreciation of our new vehicles cost has
to be considered regarding the manufacturer’s 
expected lifetime of the vehicles, vis-à-vis the pur-
chase cost. A declining balance depreciation is often
more accurate for a vehicle fleet purchase, as it is
widely accepted that vehicles depreciate more in
value during the initial years of their life. Using 
declining balance depreciation, the speed of depre-
ciation is higher in the early years of an asset’s life
cycle as more depreciation is charged against it,
and it steadily reduces to smaller amounts as the
asset ages.

In order to reduce the long term impact on our
annual budgets, we may decide to depreciate the
entire cost of a vehicle purchase over a shorter 
period of time than the full vehicle life. By doing so,
we can account for the capital expenditure and 
remove it from our annual financial statements.
However, we are still not physically recovering the
full capital purchase cost — the money spent on our
new vehicles — until further into the vehicle life.

By using a shortened depreciable life, we are
in effect offsetting the purchase costs by using other
money being generated within our business. Con-
siderations surrounding how we decide to depreci-
ate our fleet also have longer term accounting im-
plications for the vehicle purchase and the financial
health of the company in the medium term. There-

General  Considerat ions
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fore, we need to ensure that we have an accurate
picture of the future costs involved with our poten-
tial new vehicles. It is essential to ensure, insofar as
possible, that we have minimized any unforeseen
costs. A company’s decision to depreciate the total
value of a vehicle over the first few years of its life
is often made for accounting purposes:  a) to show a
lower capital value within the company or b) to
eliminate the ongoing capital expenditure output
from the company accounts and operate the vehi-
cles as neutral assets, with only running costs to
offset against.

The means by which you intend to depreciate
your vehicle’s value also affects how you schedule
and manage your future fleet replacement pro-
gram. If you depreciate your vehicles over a very
short period of time, perhaps a few years, then fi-
nancially they can be replaced sooner than if they
still hold an ongoing depreciable book value. If you
are depreciating your vehicles over their full life-
time, however—perhaps 20 years—but you decide
to sell them earlier than this, then you may need to
sell then for a specific price upon replacement in or-
der to break even on their purchase value. Slower
depreciation may require you to schedule vehicle
replacement for later in their life when they will
have been operating less efficiently and reliably for
some time, with accordingly higher operating costs.

Total Life Cycle Costs have to be estimated
and taken into account prior to purchase. Approxi-
mating these costs in as much detail as possible
prior to a purchase will give your organization a sig-
nificantly improved picture of how much effect the

Chapter  1
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operation of a particular vehicle type will have upon
your annual budget in the future.

From the outset of any new vehicle purchase
project, up to 40% of the total available financing
for the project may have to be offset for ancillary re-
quirements. These are requirements that will allow
the smoothest entry into service for the new vehi-
cles. They may also be requirements that will facil-
itate the effective operation and use of the vehicles
as quickly as possible after purchase. Examples in-
clude vehicle housing, spare parts, and mainte-
nance equipment and facilities, among others. An-
cillary requirements are discussed further in 
Chapter 5.

Travel to the vehicle manufacturer’s facility is
often a necessary expense during various stages of
the purchase process. In addition, financial al-
lowance must also be made for the initial purchase
of logistics items such as maintenance equipment
and spare parts. Training for vehicle operators and
maintainers and, in many cases, appropriate vehi-
cle housing, upon delivery of the vehicles, must also
be considered. Without sufficient budgeting for
these matters from the outset, the rollout of the
overall project will create a negative effect upon the
operation of your existing fleet infrastructure.

It is amazing to see, after decades of service,
the condition of a vehicle that has been kept housed
when not in use, compared to a vehicle that has
been parked outside in the elements. Water, hail,
snow, UV light, heat, and cold are all corrosive ele-
ments contributing to wear and damage of a vehicle
body and its components. Expenditure on ancillary

General  Considerat ions
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considerations such as appropriate vehicle covering
or housing must be viewed, therefore, as a means of
safeguarding for the long term — the finances being
spent on the often high unit cost of any new vehicles
themselves. 

In my experience, many temporary flexible ve-
hicle coverings are inappropriate in wet or damp
climates. Even the supposedly breathable coverings
made of various materials can often trap moisture
long enough to ultimately hasten corrosion of the
vehicle body and components. Such coverings in
wet, damp, or humid climates should only be used
for single periods of less than 24 hours, if at all. As
such, the investment in solid vehicle housing — of a
type appropriate to the operating climate — is a
necessary cost of fleet purchase. In the case of many
civilian logistics industries, this requirement may
not be necessary because the vehicles are being
used so intensively that their expected life is not
sufficient for climate considerations to have an ef-
fect. But in the case of specialized equipment and
vehicles with a higher unit value, or military equip-
ment (especially armor), appropriate housing is ab-
solutely critical in many climates.

Keep the following in mind when proceeding
with a vehicle purchase program. Due to the high
unit cost of military vehicles, specialist vehicles and
equipment, and large commercial vehicles, signifi-
cant savings can be realized through economies of
scale. Purchasing 30, 50, 100, or more vehicles at
one time allows for a single production block in the
manufacturer’s factory. Thus, instead of purchasing
just 5 or 10 vehicles each year, we can achieve a siz-

Chapter  1
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able decrease in unit cost. A saving of even a few
thousand dollars per vehicle is very significant
when purchasing large vehicle quantities.

Of course, the viability of large bulk vehicle
purchases depends upon your immediate vehicle re-
quirements. If your requirement is simply to re-
place five vehicles as part of an ongoing purchase
and replacement cycle, then a large purchase does
not make good business sense. Also, if the vehicles
are not going to be required in the near term, bulk
purchasing is not the most sensible practice. If your
business is not large enough to replace a similar-
sized block of vehicles in the future, when these age
and wear, then smaller purchase quantities —
which can be replaced a handful at a time, perhaps
on a yearly basis — may fit better into your ac-
counting practices.

In the vast majority of situations, purchasing
vehicles for storage, pending a requirement for
them later, is neither viable nor sensible. This is be-
cause technology is currently advancing at such a
rate that the savings from a bulk purchase may be
outweighed by greater fuel efficiency and perform-
ance on newer vehicles that are purchased later.
(These advancements are driven not only by compe-
tition among manufacturers, but also by changing
legislative requirements for emissions and effi-
ciency standards.) The threat of impending obsoles-
cence for components is also a factor as vehicles age,
whether or not the vehicles have been used much —
or at all — subsequent to purchase. Furthermore,
capital that is tied up in vehicles does not generate
a return for a significant time if the vehicles are

General  Considerat ions
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held in storage.
In the military, this situation can be different.

The military often has unique requirements for
strategic reserves of vehicles and equipment that
are stored until required. In the vast majority of
cases, these fleets are decommissioned vehicles and
equipment that can be brought back into service.
However, in some rare cases, they are reserves of
new or almost-new vehicles, which if necessary are
ready for operational use. Such vehicles may simply
require some minor in-service modifications that
their sister vehicles in use have already received.
Due to the vagaries of public funds and finances,
the storage of vehicles can result from purchases of
new vehicles with very high operating costs, such as
may be the case with Main Battle Tanks. After pur-
chase they are not used, or minimally used for
training, until required in wartime or on opera-
tional duties. In the meantime, training simulators
are used to save on fuel costs and the vehicles are
effectively in storage.

Vehicles are often purchased from foreign
countries. Alongside possible savings from
economies of scale, there can be significant savings
or losses due to fluctuating international currency
exchange rates over the course of a tender process.
Therefore, you should lock in the purchase price at
the earliest possible desirable point. A minor
change in exchange rates over the course of a few
months on a multimillion dollar project, can cause a
difference of tens or hundreds of thousands of dol-
lars in the final price.

Your company may have a clearly defined sin-
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gular requirement when considering a vehicle pur-
chase and such a requirement could make all other
considerations irrelevant. If so, then there is little
need for you to undertake a full purchasing project
and vehicle evaluation. Some of the finer details of
the purchasing process described in this book may
therefore not be as relevant to your organization’s
specific circumstances. For example, your goal may
be, “We require an inexpensive vehicle that can
carry two persons and has the longest range possi-
ble.” In this case, you would simply purchase the
least expensive vehicle with the longest range and
sufficient seating, regardless of any other consider-
ations. However, this is very rarely the case, espe-
cially in specialist vehicle purchases where many
conflicting requirements often conspire to compli-
cate an already detailed process.

A new vehicle can never be all things to all
people. Compromises will need to be 

accepted and made. 

No product will be perfect in all areas. The ve-
hicle you ultimately choose to purchase needs to re-
flect the present priorities of your organization both
accurately and realistically. Insofar as possible, it
also needs to account for future requirements.
When we say “realistically,” we refer to the current
state of technology; requiring a potential vehicle to
meet standards or specifications that are as yet un-
proven in use with other companies or organiza-
tions can ultimately prove to be a very expensive
endeavor. 

General  Considerat ions
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In most vehicle purchasing projects, the man-
ufacturer will not be local or have a production fa-
cility within the same country or state. The experi-
ence on the next page highlights the importance of
restricting yourself in your vehicle, equipment, or
fleet purchase, to combinations of vehicle specifica-
tions and equipment that have already been proven
— or at an absolute minimum, that have completed
comprehensive and verifiable practical testing.
     The first half of this book, discussing vehicle
purchasing, is not about research and design; in
many ways, it is about how to avoid R&D in order to
maximize the savings, reliability, and cost effective-
ness of a new vehicle. The ultimate aim of any vehi-
cle or equipment purchasing process must be to
achieve the most seamless introduction to service
possible.

Chapter  1
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In the late 1990's a South American purchase of
transport vehicles took place, which involved
seeking offers for off-the-shelf vehicle designs
which were already in service. NATO STANAGs
were being used to benchmark the standards
during the time of the purchase. A decision was
made to require loading equipment to a
STANAG level, which was not present at that
time, on any other vehicle of the specific type
worldwide. The supplier met the required
equipment standard and delivered the vehicle,
but the mechanical changes required in order to
accommodate the weight of the modified
equipment caused significant delays and
changes in the fundamental design of the vehi-
cle (shape and size). Therefore, the overall pro-
duction schedule needed to be changed. Al-
though there were some other project issues,
the essential modifications deriving from this
single requirement effectively resulted in deliv-
ery of an almost new, untested vehicle. This re-
quirement and some other changes, subse-
quently resulted in a disproportionate number
of warranty issues and spare parts delays after
delivery. Luckily in this instance, the manufac-
turer was based in the same country and the is-
sues were addressed in due course. However,
this proximity of manufacturer to purchaser will
not often be the case.

General  Considerat ions
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S t a g e s  i n  a  V e h i c l e  P u r c h a s e  P r o j e c t

Significant amounts of effort are needed to en-
sure that a vehicle purchase can be accomplished
with the minimum number of initial technical is-
sues occurring on new vehicles. The number of
practical problems occurring during the introduc-
tion of new vehicles must also be minimized. Such
problems can relate to the availability of vehicles,
capacity of the maintenance infrastructure, compe-
tence of vehicle maintainers, or qualifications of
drivers, to mention but a few. We want all our ef-
forts to be expended wisely. These significant ef-
forts are also needed to make sure that we gain the
maximum benefit from our purchase, throughout
the entire lifetime of the new vehicles. Figure 2-1
and the following discussion outline the stages for
successfully carrying out the vehicle purchasing
process.

The following three control methods should be
used by the project team and personnel involved in
vehicle selection and purchasing. These methods
comprise Stages 4, 5, and 6 of the purchasing
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1. Framing General Requirements 
and the Evaluation Team 

2. Forming A Project Team and 
Points Allocation 

3. Requests for Information and 
Solution Assessment 

4.  
Upper Limits Definition 

5. 
Definition 

6. Compiling a Compliance Matrix 7. Initial Review of Potential 
Vehicles 

8. Trials of Potential Vehicles 9. Vehicle Selection 

10. Design Phase and Defining 
Vehicle Baseline Additions 

11. Pre-Delivery Inspections 

12. Post-Delivery Acceptance 13. Modifications, Upgrades, and 
Life Extensions 

Figure 2-1  Stages in the vehicle purchasing process.



process and will be discussed in more detail in
Chapter 4.

Upper-Limits:  A definition of component assemblies the
project team is unwilling or not-permitted to change; the
maximum specifications that the project is able to accom-
modate.

Prototype Risk Values:  Numerical values set to limit the
scale of engineering changes permitted on a project vehi-
cle, to avoid venturing unintentionally or too far into 
Research and Design (R&D).

Compliance Matrix:  The minimum and target specifica-
tions which the project either desires or considers
essential, and which should be achieved by any
prospective supplier.

It is imperative from this point to highlight
the importance of the timeline in any vehicle pro-
curement and purchasing project. If carried out cor-
rectly from its initial stages, the procurement
process is exponentially longer with a specialist ve-
hicle purchase. However, it can also be quite long
with a standard commercial vehicle, even more so if
a fleet is being purchased. For specialist or military
vehicles, the entire purchasing process can often
take a number of years to reach completion. It will
also involve a much more thorough examination of
all the vehicle type, specification, and purchasing
options available.

Stages  in  a  Vehic le  Purchase  Pro ject
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The key point regarding purchasing timelines
is that setting timelines that are too short, or driven
by budget dates or organizational politics, is not
conducive to maximizing financial value or to pur-
chasing the best final product.

When we discuss timeline length, everything
is relative. A purchase program for a new 4x4 fleet
of jeeps or SUVs, based upon a commercially avail-
able vehicle, could conceivably be fulfilled in a pe-
riod of less than a year, including all necessary tests
and examinations. However, a purchase program
for a fighting vehicle or military fleet can take a
number of years. A program involving design and
production of a vehicle from concept through proto-
type to final product can even take up to a decade or
longer. 

The length of the overall procurement process
will ultimately depend upon the complexity of the
final systems involved and the type of vehicle sys-
tem you need to purchase. If your organization’s
goal is to achieve value for money and also purchase
the best possible vehicle, then anything less than
approximately 12 months from initially seeking
proposals for new vehicles to the delivery of such ve-
hicles, is too short for a soft skin (non-armored)
commercially available vehicle purchase program.
Anything less than 30 months is an excessively
short timeline for a military fighting vehicle pur-
chase program. These are minimum figures and can
easily increase; ultimately, they depend upon the
complexity of the project and the considerations
that will be discussed throughout the following
chapters.
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Since most people don’t have the strategic
vision and single-mindedness to pave a decade-long
path, those who do can sometimes work wonders.

(Michael Dell)

Whether or not a purchase is for a fighting
military vehicle can dramatically affect the rollout
timeline and introduce additional stages in the
specification, testing, purchasing, introduction and
post-delivery processes for your new fleet. The us-
age profile for a fighting military vehicle is signifi-
cantly different in comparison to a non-fighting ve-
hicle, specialist commercial vehicle, non-specialist
commercial vehicle, or private vehicle. Any pur-
chase project timeline has to take these differences
into account from the outset. Even the best laid-out
plan will inevitably meet further unexpected issues
and require leeway in the final project timeline to
facilitate unforeseen delays.

The following thirteen stages should be con-
sidered with any purchase program for a new vehi-
cle. On a comprehensive and well run project, each
should be completed in sequence.

Stage 1:  Framing General Requirements and 
the Evaluation Team

The first stage in a vehicle purchase program
of significant size, or any large project for that mat-
ter, is usually carried out by senior management.
This stage will often take place upon the recommen-
dation of experts with individual specializations,
working at various levels in the organization. These
experts, overseen by senior management, will com-
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prise an evaluation team. This initial stage of the
process seems obvious. It simply involves the iden-
tification of a definite and clear requirement that
needs to be met by the project. 

Although this sounds simple, in reality it can
be one of the most difficult facets of a project to tie
down —especially if there are many different
vested interests in the project, each with their own
requirements and priorities. Such vested interests
can be many and varied depending upon the nature
of your organization. They may take the form of in-
dividual departments wanting a vehicle to meet re-
quirements or technical specifications in their own
area of expertise, or perhaps an accounting depart-
ment wanting the vehicles to remain under a spe-
cific price. There are many other potential conflict-
ing and contradictory requirements that can be
present when purchasing new vehicles.

Establishing General Requirements 
It is very important that at this stage in the

process the framing of the initial general require-
ment be approached from a completely neutral per-
spective. Not only neutral with respect to any sin-
gular requirements from any of said vested inter-
ests, but also essentially, without any desire to sim-
ply purchase something because it is viewed as bet-
ter than not purchasing anything at all. This stage
in the process will ultimately decide whether or not
any purchase will be pursued.

This point is very important: Purchasing
something simply because the opportunity or fi-
nance exists, when the requirement for it has not
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been properly identified or defined, is hugely detri-
mental to any organization in the longer term. Fi-
nances are always going to be finite. It is essential
to ensure that where money is being spent it is the
best possible use for limited funding.

There are always more ideas for projects than
there is capacity to do them. So, before starting any
project, it’s a good idea to confirm it should be
done. Project selection is an important part of an
organisation’s governance.       (Newton, 2011)

All available data and information must be
gathered regarding why it is necessary to purchase
a vehicle in the first place. This information can
take many different forms. For example, it can con-
sist of hard statistical data from fleet analytics, out-
lining the present fleet running costs and potential
savings from newer, more efficient vehicles. This in-
formation can also outline the potential savings
from changing to higher or lower cargo capacity ve-
hicles. Perhaps it will detail the maintenance costs
on the current (older) fleet and how they have risen
during the vehicle lifetime and are now inordi-
nately high.

But most important, the framing of the gen-
eral requirement for a vehicle purchase should re-
view in detail whether a requirement actually ex-
ists. It is not unusual for projects to be initiated
simply based upon a general opinion and perception
that a requirement exists. Subsequently, the case
does not stand up under detailed scrutiny.

Having established that a definite and clear
requirement exists, and that the purchase of a new
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vehicle (or vehicles) will meet this requirement,
there is then another very significant considera-
tion. Can this requirement be met or resolved with-
out having to expend funding — in this case, on the
purchase of said vehicles?

It may seem this possibility has already been
answered by the establishment of the requirement
for the new vehicle. However, let me explain. In
many cases, the focus placed on why a vehicle is
needed can overlook potential ways to avoid having
to purchase it. Perhaps an alternative method can
be found to address the issues that justify a vehicle
purchase; this method would allow the funding to
be allocated elsewhere. The requirement does not
change if the justification lies with the current fleet
of vehicles themselves, such as inefficiency, insuffi-
cient capacity, etc. Nonetheless, a small team
should be appointed to review these initial consid-
erations and quantify the requirement.

Initial Review Team  
This team is an initial review team. It does not

have to contain the same personnel as the project
team that will be established later, but can do so if
required. The sole purpose of this team is to make
sure that the requirement to spend valuable capital
on new vehicles or equipment is completely neces-
sary. When reviewing the general requirement,
these personnel should not initially elude to either
the purchase of a vehicle, nor to any other possible
solution to the current problem. The team must be
given the flexibility to approach the requirement in
simple terms “with an open mind.” For example “We
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require a means by which to move tracked vehicles
between our forestry logging zones,” “We require a
means by which to give dismounted troops direct
fire support from a static position” or perhaps “We
require a means by which to move fragile loads ex-
ceeding 20 tons on prepared roads.”

Once the most basic description of the problem
or requirement has been established, the team will
identify and examine all possible solutions to the
problem. If the conclusion reached by this team is
that the requirement can be met within existing re-
sources or by less expensive means than the pur-
chase of new vehicles, then funding can be directed
elsewhere. 

If, however, the conclusion is that the only rea-
sonable solution to meet the requirement is a new
or additional vehicle purchase, then the project to
purchase vehicles should proceed within tightly de-
fined project terms, derived from the analysis car-
ried out by the evaluation team. A project team can
now be formed to advance the project further.

Stage 2:  Forming a Project Team and Points 
Allocation  

At this point a project or purchase team should
be formed to see the project through from now until
its conclusion. Although the team does not need to
include the personnel from the evaluation team —
who conducted the original assessment of the prob-
lem and defined your organization’s requirements
—there is no reason why it cannot do so.
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In the previous section, we discussed the need
for a clear analysis of the problem your organiza-
tion is attempting to resolve. Again, without this
analysis, organizations can end up purchasing ve-
hicles that do not actually fulfil a particular need,
fit readily into the organizational doctrine, or com-
plement your company’s business plan. A situation
can also easily arise whereby the newly purchased
vehicles can perhaps carry out a number of tasks,
but without meeting the requirements of any indi-
vidual task very well.

When you undertake a vehicle purchase proj-
ect, remember that if the requirements are too
broad, a single vehicle type will simply be unable to
fulfil every possible role envisioned and do them all
to a high standard. Trying to have a vehicle perform
too many roles is a trap into which many a purchas-
ing project has fallen. As the old saying goes:

Too many vegetables ruin the broth!

Perhaps the analysis of the problem at hand,
conducted by the original evaluation team, has de-
termined that additional numbers of a vehicle al-
ready in service are all that is required to meet the
needs identified. If this is the case, the project team
may only have to establish the final number of ve-
hicles to be purchased. If, however, the purchase of
a new vehicle platform, not yet in service, is re-
quired to meet the identified requirement, the proj-
ect team will have a significant amount of work and
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responsibility during upcoming months and years.
Always keep in mind that for any large pur-

chase project for vehicles or equipment, the time pe-
riod through to conclusion may be a number of
years. During this time, knowledge of the new items
will be gained at a rapid rate. I cannot overstate the
importance of ensuring that the project team mem-
bers are made available from project-start to proj-
ect-finish, regardless of the time frame. Never un-
derestimate the significance of the corporate knowl-
edge gained through each project stage, and the
need to draw on it again and again during subse-
quent stages. Handing over responsibilities to re-
placement team members simply does not work
within a large project. 

Completing a Project 
The finishing (or completion) point of a large

vehicle purchasing project is not the delivery of the
vehicles, nor is it simply after the vehicles have
been accepted by the purchaser. The project can
only be considered complete after any introductory
teething troubles have also been rectified. It takes
time in service with new vehicles before such is-
sues arise. To this end, your company must allow a
reasonable amount of mileage or engine hours to
be accumulated before completely releasing the
project team members from their involvement
with the vehicles and the supplier or manufac-
turer. To make certain that any introductory is-
sues can be rectified as smoothly as possible, the
vehicle familiarity that the original project team
members have gained is absolutely essential. The
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relationships they have created with the vehicle
and ancillary equipment providers also contribute
to the resolution of any problems.

Of course, upon delivery of the vehicles, the
project team can go back, if necessary, to their reg-
ular roles within your organization. But they must
remain available as and when required. The team
should not yet be dissolved. Without a dedicated
team in place for the duration of a project, the team
—through no fault of the personnel involved — will
be unable to do justice to either the project require-
ments or your company.

Continuity of personnel in a project team 
is a key to success.

Team Members  
When selecting the project team, your organi-

zation must ensure that the necessary expertise in
all required areas exists on the team. The personnel
do not have to be engineers capable of building from
scratch the vehicle being purchased; this responsi-
bility rests with the manufacturer and is why they
are being paid. However, the team does require per-
sonnel who are technically qualified to a sufficient
extent, that they can make viable decisions and ex-
ercise sound judgement regarding any vehicle or
technical issues that arise. The project team mem-
bers must be able to evaluate whether the manufac-
turer is proposing viable technical, ergonomic, oper-
ational, and financial options for your vehicles.
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They must also be sufficiently competent to be sure
that a manufacturer is not putting forward un-
proven ideas or options that will significantly im-
pact the project costs and schedule.

Perhaps this next point will seem obvious to
readers, but it is an important, if simple one. On
any purchasing project, team members must be
able to raise objections and concerns freely without
fear of jeopardizing their position, prospects for pro-
motion, employment benefits, etc. If the organiza-
tion personnel who are serving on the project team
and are at the forefront of the project are unable to
shout “STOP” in the event of a problem, nobody else
will either until it is too late. This is an essential re-
sponsibility of the project team, one which senior
management must appreciate and which the proj-
ect team leader must understand and communicate
to the team members. Once team members have
been selected from those personnel available, the
project manager must trust them to do the job.

Outside Experts  
A project team may need to refer to outside ex-

pertise at times during a project. However, it is
strongly recommended that this only occur individ-
ually between the outside expert and their closest
permanent counterpart on the project team. If an
individual dealing with a specific area in question
already exists on the team, external experts or sec-
ond opinions should never address the entire team.
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Also, in areas already represented on a project
team, external experts or second opinions should
never be directly involved in any of the internal de-
cision making processes. In the vast majority of sit-
uations, calling in such contributions from outside
the immediate project team is a bad idea. The fur-
ther the purchasing process progresses or the more
significant the issue being discussed, the more risk
is involved with introducing such external ele-
ments. There is one key reason for this: 

Drawing on second opinions, introduces personnel who
have not gained the requisite vehicle familiarity and cor-
porate knowledge throughout the overall progression of
the project.

I am not saying that external expertise and
second opinions should be avoided. I am saying that
they should be used whenever they are required —
but only in the context of one-on-one discussions
with the relevant project team member. Obviously
if there is no permanent project member in the rel-
evant area of expertise, then the external contribu-
tor can become a full project team member as re-
quired and directly contribute to project meetings.

Be aware that no matter how deeply you try to
brief outside experts, they will not easily achieve an
appreciation of the overall project if it has pro-
gressed past the initial stages. Such appreciation is
hard won by the team members, who have gained
the knowledge and experience of all issues related to
any new vehicle as they arise. The permanent mem-
bers of the project team have been involved in all the
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key aspects of the various vehicle evaluations dur-
ing the evaluation and purchasing process.

There is another danger with second opinions.
A project manager can be placed into a compromis-
ing position if the result is two opinions that di-
rectly conflict. Regardless which opinion is taken,
there is now always someone who will have warned
of potential issues at the time a decision was made.
It is essential, therefore, that for any project the
availability and selection of team members, vis-à-
vis your organization’s priorities, must be such that
the best persons for the project team are made
available from the outset.

Competing Vehicles and Points Allocation 
Once the project team is formed, their first

task is to define how points will be allocated to com-
peting vehicles during the selection process. This
initial task for your team will ultimately determine
which vehicle is selected at the end of Stage 9 in the
process.

The purpose of this points allocation is to de-
termine the weight and importance that you are
placing upon different aspects of the vehicles speci-
fications or performance. The list in Table 2-1 is in
no particular order, but recommends the percent-
age allocation of project points to different vehicle
areas. It also recommends the suggested percent-
age range for points allocations, which can be al-
tered based upon your own project priorities.

The total number of points for the overall proj-
ect evaluation is not predefined. You can have a to-
tal of 1000 points, 2000 points, 10,000 points, or any
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other value depending upon your project needs. A
higher total number of points allows for a finer and
more detailed marking scheme to be used as re-
quired.

Whatever the number of total points you de-
cide to use in scoring competing vehicles — 1000,
20,000, or any other — it will always equal 100% of
the allocable marks. Each vehicle will be individu-
ally marked from a total of 100%, with the final to-
tal of awarded points for each vehicle being com-
pared at the end of the selection process. The total
number of points should ultimately be allocated be-
tween the areas listed in Table 2-1, according to
your own project priorities.

Suppose four vehicles are being evaluated
with the aim of purchasing the single best vehicle
overall. You decide to use 10,000 points as your to-
tal, so 100% = 10,000 points. You then allocate these
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Table 2-1 Sample Allocation of Points

• Vehicle Purchase Cost/Price (15 – 20% of total points) 

• Mechanical Performance (30 – 40% of total points)

• Mobility Performance (<35% of total points)

• Spare Parts and After Sales Support (>10% of total points)

• Other Areas (ability to facilitate nation or company specific 

equipment, ability to integrate with existing fleet assets, 

role expandability, etc.) (<25% of total points)



points to the areas described in Table 2-1, according
to the breakdown of percentages you decide. Again,
you settle on the value of these percentages to re-
flect the importance of each specific area to your or-
ganization’s requirements. The percentage values
allotted in Table 2-2 are for example only. Table 2-2
also shows how the chosen percentages for each
area directly relate to portions of the available total
points.

As we will discuss in Stage 8, Trials of Poten-
tial Vehicles, these points within the areas from
Table 2-1 are broken down further into detailed
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Table 2-2  Sample Allocation of Points

Total Available Points = 10,000 = 100%

Vehicle Purchase Cost/Price 15% (of total available points)
Mechanical Performance 40% “ “
Mobility Performance 25% “ “
Spare Parts and After Sales Support 12% “ “
Other Areas 8% “ “

100%

Therefore,

Vehicle Purchase Cost/Price 1500 pts

Mechanical Performance 4000 pts

Mobility Performance 2500 pts

Spare Parts and After Sales Support 1200 pts

Other Areas 800 pts

10000 pts



evaluation and marking schemes.
For now, it is sufficient to understand the over-

all purchasing process concept. For example, out of
the 4000 points we’ve allocated in Table 2-2 for  me-
chanical performance, you may decide to award 20
points to vehicles fitted with air conditioning, 10
points to vehicles fitted with standard air circula-
tion, and 0 points to vehicles with no heating or cool-
ing facility. Perhaps you will award 30 points to ve-
hicles fitted with an automatic transmission. The al-
location of these points is more detailed and complex
than this; it involves various levels of each specifica-
tion meeting or failing to meet your requirements,
as we will see. For now, you should just have a gen-
eral idea of how the points system operates.

If you have a specific requirement that must
be met, such as wanting to purchase only a vehicle
fitted with a diesel engine, you do NOT achieve this
goal by weighting these points. For example, you do
not allot 1000 points from a total of 4000 to vehicles
fitted with a diesel engine. Yes/No requirements
such as these are addressed by the early use of a
compliance matrix, which will be explained in
Stage 6 of the purchasing process.

This next point may seem obvious to the read-
ers, but surprisingly it is often not fully understood
or appreciated by non-technical management. Me-
chanical Performance should always be allocated
the highest percentage of points. This allocation en-
sures that regardless of which vehicle is finally pur-
chased, it is mechanically functional and effective.
In simple terms, if the vehicle does not move or
breaks down a lot, the other areas of evaluation
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won’t matter!
The allocation of points to the area of Vehicle

Purchase Cost/Price can often be difficult. Virtually
all organizations require cost effectiveness in their
purchases; the persons who manage the capital ex-
penditure budgets are often highly placed in an or-
ganization’s management structure. Respect for the
position of these persons can cause an inclination
by project teams to allocate a disproportionately
high level of points to their area of concern:  the
overall price of the project.

Vehicle Purchase Cost/Price is of course no less
important than other areas of points allocation. To
ensure the wisest possible use of available purchase
funding, it is very important not to allocate too few
points for this area. The purchase of vehicles is ex-
pensive; price will always be a significant consider-
ation. However, allocating too many points to the
price of the vehicles gives this area a disproportion-
ate sway over the final purchase decision. This sway
can be dangerous, both financially and practically
for the organization, because it could lead to an un-
reliable vehicle being purchased — which will ulti-
mately bleed money in the longer term. 

If too high a percentage of marks is allocated
towards the final price of a vehicle, the cost effec-
tively becomes the single deciding factor in the pur-
chase. This imbalance may force the project team
into a position whereby they have to recommend
the cheapest vehicle, regardless of its performance
in the other evaluated areas. As a result, the entire
selection process is effectively negated, and all of
the time and money spent on the process is wasted.
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Longer term issues of value for money can also
arise, not only if price becomes the deciding factor
between a great vehicle and a terrible vehicle, but
also if price is used to justify the purchase of a ques-
tionable vehicle that was rated average overall.

What is wrong with purchasing a vehicle rated
average overall from the vehicle choices available?
Nothing — if the overall average is a sufficiently
high score. However, if the average or typical score
is low, perhaps below 50%, then average is simply
not good enough to justify spending potentially mil-
lions of dollars.

Suppose that upon conclusion of the selection
process, one vehicle averages enough points to place
4th out of five vehicles being evaluated. The leading
vehicle, which gained an 80% score overall, is
deemed too expensive whereas the remaining four
are deemed affordable. However, these four, includ-
ing the 2nd place vehicle, have scored below 40% of
the total available marks. In this case, the price
alone may be used to justify not purchasing the
leading vehicle. Unfortunately, even the vehicle
placing 2nd in the process (with an overall score of
less than 40%) has not scored highly enough to be
considered a reasonable investment.

Perhaps the vehicle which placed 2nd, yet only
scored 40% of the overall marks, scored zero in Me-
chanical Performance, and is completely unreliable
or virtually non-functional. Or perhaps this same
vehicle scored zero in the area of Mobility, and sim-
ply cannot carry enough fuel to travel between your
delivery locations, cannot carry enough cargo to
make a full delivery, or is deemed unsafe for the
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type of usage you envision. 
These are fundamental problems that risk be-

ing ignored if price is given too much authority in
the selection process. As suggested earlier, the price
being given too much authority often occurs when
the person responsible for that element is relatively
senior on the management ladder. Thus, this factor
can be a difficult issue to manage.

Most project team members can allocate their
percentage and available points across hundreds,
or perhaps thousands, of individual features on the
vehicles. However, team members responsible for
allocating points based on vehicle price have lim-
ited options for allocating and breaking down their
points. This is because price is one single feature
across all of the vehicles being tested. Whereas any
other area may have a variety of positive and nega-
tive aspects for each vehicle, the most expensive ve-
hicle will always be the most expensive. This psy-
chological barrier can be a difficult one to overcome.
A legitimate and convincing argument can be made
that the individuals assessing the vehicles in the
area of price can only be considered to be doing their
job well to the detriment of the most expensive ve-
hicle. Ironically, if we are honest, we’ll acknowledge
that in many situations the most expensive vehicle
will also be the best overall vehicle.

As in all walks of life, simply purchasing the
cheapest alternative is often a fool’s errand. Fur-
thermore, purchasing an alternative which is not
the cheapest, but overall has a lot fewer evaluation
points than the highest-placed vehicle, can also be
a fool’s errand.
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Never forget that the allocation of percentages and
points on your project are not wildly invented numbers.
They represent tangible decisions made on behalf of
your organization regarding your needs and priorities
for the vehicle purchase. These decisions and priorities
are reflected in the marking and scoring sheets and can
be broken down into individual vehicle features and
components. A significant lack of points achieved by a
vehicle in one marking area must not be disregarded
simply for the benefit of another.

The method to allocate points should be stan-
dardized for all scoring areas. Using one new area
as an example, suppose Technical Performance and
Merit allocates 100% of the available points to the
vehicle with the highest final score (or the vehicle
that is simply preferred) and 0% to each of the other
vehicles being evaluated. In this case, this method
will give that one area a disproportionately
weighted effect on the final purchase decision, espe-
cially if all other areas allocate a percentage of the
available points to each potential vehicle. This
point is discussed further in Stage 9, Vehicle Selec-
tion (see Chapter 4). Meanwhile, this “all or noth-
ing” allocation method risks effectively negating
the expensive selection process and potentially
wasting the money the company has spent on the
vehicle trials process.

The amount of points allocated to Mobility Per-
formance is hugely dependent upon the role envi-
sioned for the vehicle. This area is more important
for an all-terrain vehicle — for example, to be used in
forestry or mining — than for a light vehicle that
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transports goods over short distances via solid sur-
faced roads. The types and flexibility of mobility re-
quired should be ascertained by the project team at
the outset in order to determine the importance of
mobility on the overall selection process. If the vehi-
cle never leaves solid roads, then mobility may re-
quire only 5–10% of the total available assessment
points. In this case, only a basic assessment will be
carried out in order to confirm fundamental issues
such as fuel capacity, cargo capacity, etc. If, however,
the vehicle is required to easily and regularly scale
60% slopes; travel across ice, snow, and sand; and be
capable of crossing unimpeded over significant ob-
stacles, etc., then mobility performance may be allo-
cated 35% of the total available points for the project.

Stage 3:  Requests for Information (RFI) and 
Solution Assessment  

Requests for Information
Requests for information are an essential as-

pect of any large purchasing project. It is impossible
to spend significant amounts of money on expensive
vehicles and a huge variety of features if we are not
aware of the entire spectrum of available options. An
unfortunate truth is that large organizations often
fail to use RFIs to the extent they should or they use
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them incorrectly; worse, some do not use them at all.
An RFI can be a hugely informative and bene-

ficial tool prior to embarking upon any large proj-
ect. It gathers both general and specific product-re-
lated information. It also allows a project team to
informally gauge the companies who may submit to
any future tender (Request for offers) or purchasing
competition. Through the RFI you gain an opportu-
nity to assess the helpfulness, professionalism, ca-
pabilities, and general characteristics of these com-
panies. In a lot of countries, RFIs also allow the in-
formal appraisal of the companies without the same
documentary requirements and potential legal im-
plications of a later formal purchasing competition.

In many countries, if an RFI makes a state-
ment similar to; “This RFI does not relate to any fu-
ture vehicle purchase, nor does it represent any
commitment to purchase or proceed to a vehicle se-
lection competition,” then it will not be part of any
later purchasing or tender process. It may also be
outside any specific Freedom of Information re-
quests or similar that may be generated by compet-
ing companies at a later time during the project.

Please check your national or local legislation
to confirm the specific legal requirements and im-
plications related to RFIs in your jurisdiction.

The types of responses that may be submitted
to an RFI can vary significantly; we should be
aware of all possibilities. Responses can include a
simple written submission of information or promo-
tional material in the form of leaflets, DVDs, or gen-
eral letters from the company. They could also in-
clude direct presentations and practical demonstra-
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tions of the available vehicles, equipment, and tech-
nology that the supplier can provide.

The Compliance Matrix
As will be discussed in Stage 6, compiling a com-

pliance matrix is a fundamental step in the purchas-
ing process. The compliance matrix is completed
prior to seeking offers from suppliers or manufactur-
ers for potential vehicles and embarking further into
the project. It is used as an important part of the
specifications we will later provide to such potential
suppliers. It essentially comprises a detailed list of all
the features and capabilities that you require on any
vehicle presented by a potential supplier.

The standard to which any compliance matrix
is completed will be fundamentally dependent on
the amount and quality of information available
when it is compiled. This information can relate to
the availability of your required vehicle type cur-
rently on the market. You also need to know the
available options for each of those potential vehicles
as well as the exact state of technology currently
available at the time you seek offers from the mar-
ket. Without this information, you cannot create an
accurate vehicle specification. In turn, you will not
end up purchasing the best possible fleet of vehicles
for your available funding.

Sometimes an organization’s staff creates a
compliance matrix, while ignorant of technological
advances that have only recently come to market.
Conversely, sometimes they compile a vehicle pur-
chase request specification and compliance matrix
specifying a requirement that exceeds current tech-
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nology and is simply not available for their vehicle.
We need to avoid situations where the project team
creates any specifications or defines their purchase
requirements using limited information or, worse,
within an information vacuum. They must be fully
aware of the available technology and of all possible
market options available when the compliance ma-
trix is created. 

The key purpose of an RFI is to fill any gaps in the 
information jigsaw.

Working with RFIs
In many cases, employees on a project team (or

within the organization as a whole) believe they are
aware of all relevant market information regarding
current vehicle designs, technology, and options.
RFIs can quickly show this belief to be false. They
can significantly improve the initial stages of a proj-
ect, at virtually no cost to your organization

In order to be clear on the importance of RFIs,
let me explain the consequences of failing to carry
one out at the beginning of each new purchasing
process. An RFI conducted a few years beforehand,
perhaps when you initially considered the pur-
chase, is not sufficient. Not having a complete
knowledge set prior to seeking offers for a vehicle
purchase can easily lead us to unintentionally spec-
ify in the compliance matrix or larger purchasing/
tender specification a requirement that exceeds the
technology readily available in the marketplace.
This disconnect can cause a variety of problems.
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The obvious risk is that no vehicles will be of-
fered that can meet all of your requirements. We
will then be forced to amend the specifications —
and perhaps even suffer embarrassment. Of greater
concern is that to avoid saying that they are unable
to supply the requested vehicle (perhaps out of con-
cern that competitors may meet all requirements),
some manufacturers may state at the outset or
some other relevant stage that they expect to meet
your specifications before the completion of the ve-
hicle selection process. We must always be wary of
any unproven vehicles or technology. 

New Vehicle Designs and Technology 
We are not interested in R&D. We want to

keep our direct and indirect costs down by purchas-
ing proven technology that will enter service as
quickly and smoothly as possible. The only way to
do this is to make purchases that have already re-
solved any introductory problems with other buy-
ers. Being the first to purchase a new vehicle design
or technology is not conducive to a simple rollout.
Although this is less of an issue for standard com-
mercial road vehicles, it is a very significant consid-
eration for more unique and specialized vehicle de-
signs. I will discuss this point further in Stages 10
and 13 of the purchasing process; however, this sec-
tion contains a short explanation.

By avoiding the newest available technology,
you may be concerned about missing out on cutting
edge advancements before your competitors. In re-
ality, in the area of vehicle design where the com-
bustion engine is fundamentally the same as it was
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almost a century ago, significant single cost saving
advancements are rare. Teething troubles and de-
lays are often associated with new designs or tech-
nology before they operate as they should, or give
the benefits which were predicted. This is fine if
your business is R&D, but for the vast majority of
commercial companies using specialist vehicles as
tools to generate ever tighter profit margins, the
risks associated with rolling out brand new designs
are simply not affordable.

When being the first to use new designs, we
need to reach the point where the gains outweigh
the expense and effort of field testing the technol-
ogy. But if the new vehicle design is suffering re-
peated mechanical failures and requiring repeated
design modifications after purchase, then the very
small potential technological gain would have been
outweighed by the speed, ease, and reduced risk of
purchasing a proven product.

Perhaps most important, it has been a long
time in vehicle technology since one single advance-
ment reduced costs enough in one swoop to justify
being the first to test it. Being first to test cutting
edge technology comes with huge risk — one that is
often unjustifiable for the tiny fraction of a percent-
age you might save in costs if it works absolutely
flawlessly first time. Most of the methods that may
significantly reduce costs, such as more efficient en-
gines, switching to alternative fuels, etc. have al-
ready been examined for reliability, or other pros
and cons throughout their development and use.

If however, you are the first to try a new ver-
sion of an old solution — such as a new tire thread
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design — a high percentage of the risk has already
been borne by others who came before you. The in-
ternal structure of the tire will be a proven technol-
ogy. Although the predicted gains may not material-
ize, the risk of repeated tire failures and lost busi-
ness will be low. When trying a brand new technol-
ogy or combination of technology, however, such as
a completely new tire with a new internal structure
and materials, you are bearing most of the risk. If a
new technology or vehicle design does not work as
planned, waiting for modifications and retesting
could set your new vehicle project back years. It can
also lead to ongoing problems throughout the vehi-
cle life and cause significant financial implications
due to lost operational hours and having to bear the
costs of repairs or modifications ourselves after ex-
piration of any warranty. 

Consider the following example on the follow-
ing page based on real world projects and experi-
ence; it highlights the danger of new designs.
     In military R&D, in-house technology is tested,
modified, and proven prior to being put onto pro-
duction vehicles for field testing. But in the case of
commercially contracted vehicles, the commercial
imperative to make a sale can drive suppliers to sell
such technology largely unproven. I have seen this
happen more than once on different vehicles proj-
ects, where problems generated by purchasing an
unproven design specification were still reoccurring
15 years after purchase of a new vehicle.
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You are purchasing up to 200 rigid box body
trucks and seek offers from potential suppliers.
One of your compliance matrix requirements is
that the new vehicle must be capable of trans-
porting loads of 20 ton. One manufacturer
states that their vehicle is capable of transport-
ing only 16 ton, but they have been working on
an upgraded design capable of 20 ton, which
will be available before the end of our selection
process. A number of weeks later the manufac-
turer announces that their new design has
passed all preliminary engineering design tests
and is available. You agree to purchase this ve-
hicle because with its upgrade it will be the
best overall product. You also require the man-
ufacturer to provide copies of the independent
certifications for the suspension and stability,
qualifying the vehicle as safe for public roads
carrying the increased 20 ton load.

A number of weeks later the manufacturer tells
you that they need to upgrade the suspension
and axles to meet the US Department of Trans-
port criteria for operation of the vehicle. A few
weeks later, the manufacturer tells you that the
new vehicle has failed its first retesting and
certification attempt. Suffice to say that being
the  first  to  purchase this  new vehicle design 
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results in delays of a year or more, while all
the certifications and requirements are met.
When testing the new design with a 20 ton
load, you find that the transmission is unreli-
able. The manufacturer states that they can fit
the vehicle with a more reliable automatic
transmission. Our timeline has now slipped
repeatedly so that we put pressure on the
manufacturer to ship the new vehicles as soon
as possible, which they do. However, due to
lack of time, the new vehicle has not been
thoroughly tested. In the first few years after
delivery, the vehicles suffer damage to their
cargo loads from the roughness of the changed
ride quality. They also suffer repeated wheel
hub failures from the weight of a new 20 ton
cargo bed, and the steering is very heavy un-
der load. We then find out that there is in-
creased wear on the front and rear differential
system, which was not apparent below 10000
km of usage; this wear will cause an increase
in maintenance and servicing costs.



What often happens when manufacturers
state they intend to meet a requirement is that,
during the purchasing and vehicle selection
process, they work behind the scenes to introduce a
passable new technology. If they are successful, you
will effectively field test this technology for them,
either knowingly or unknowingly.

The opposite problem occurs when you lack an
RFI and clear information on the current state of
the marketplace. You may then have a compliance
matrix specification which is lower than the tech-
nology that is currently available. As a result, your
organization could potentially miss out on benefi-
cial technology that is both proven and inexpensive. 

Realistically, we are never aware of items we
do not know about — until they are brought to our
attention. It is very easy to believe we know more
about what is available for purchase than we actu-
ally do. Manufacturers and suppliers are constantly
pushing the boundaries of technology to get an edge
on their competitors. Also, technology is always be-
ing tweaked and improved to increase its reliability
and functionality. Perhaps a technology that was
new and untested a few months ago has since been
improved, with a reliable track record. We can miss
these improvements without an RFI. Finding fund-
ing for a vehicle feature not specified correctly after
the purchasing process has begun and budgets have
been decided can be problematic, to say the least.

Suppliers Approach to RFIs  
Manufacturers and suppliers can essentially

approach an RFI in one of two ways. The more busi-
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ness savvy see it as a positive opportunity to show off
their wares to a viable and already interested client.
They also view it as a networking opportunity, not
only for the specific request, but as a “foot in the
door” that will allow them to promote other product
lines which may be of interest at a later date. Less
savvy companies, however, often view RFIs as a
time-consuming process that gives no guarantee of a
subsequent sale. These latter companies may not
submit a reply or they may only provide token infor-
mation while waiting to see if the RFI pans out into
a more concrete purchasing process.

As the client, it is important to be aware of
both approaches, keeping the knowledge gained
about each company in mind, if and when there is a
later purchase competition. The latter type of man-
ufacturer should not be simply dismissed due to
their lack of appreciation of the positives of RFIs.
They may prove to be a much more helpful company
when you have proceeded with the purchasing
process. Other business commitments at the time of
the RFI could also have been an unfortunate coinci-
dence that precluded the possibility of their full
participation. 

RFIs eliminate the possibility of many poten-
tial issues arising later in the purchase process and
easily clear up any ambiguity. They also can estab-
lish that an essential technology or feature upon
which the project hinges simply does not exist, and
the project should not proceed. If this is the case, it
is best to find out as early as possible. The purchase
funding can then be reallocated to other projects or
areas within the company, if necessary.
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Essentially, knowledge is power. The project
team should keep an open mind in order to draw on
an ever growing picture of potential suppliers,
based on their behaviors, as well as the technology
and options available in the marketplace.

Last, if an RFI highlights that the market is
not currently in a position to provide for your neces-
sary requirements, and you revisit the project a
number of years later, conducting a new and fresh
RFI remains equally as valid as it was originally.
The RFI should gather the most up-to-date market
information. Do not forget that we live in a dynamic
world of conflict and strife, commercial expansion,
competition, and contraction. Technology changes
rapidly in the modern world. As a consequence, ve-
hicle supplier and manufacturer responses to your
RFI requests expire equally quickly.
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P r o j e c t  A d d i t i o n s  a n d  M o d i f i c a t i o n s
( D e f i n i t i o n )

In the following chapters and indeed through-
out this book, we mention at length the difficulties
that can arise due to the modifications that may be
specified for new vehicles. These modifications can
be stipulated by you (the purchaser) for internal
reasons, or recommended by the external vehicle or
equipment supplier.

It is extremely rare that a military or special-
ist vehicle purchase will be entirely “Off the Shelf”
— that is, of course, unless a purchase identically
matches a vehicle already in service somewhere in
the world, or a vehicle already in your own fleet. In
most cases, some changes will be necessary to allow
any new vehicle to fit in with your own operations.
This may seem contrary to the paragraph above;
however, keep in mind the following point: 

There is a very significant difference between 
Additions and Modifications.

49

C h a p t e r  3



If you are currently involved with purchasing
vehicle fleets or large specialist equipment, or will
be in the future, it is essential that you learn the
difference between additions and modifications. I
was once involved with a project where my lack of
eloquence expressing this point, contributed to a
large number of technical changes to a vehicle, with
extensive implications for vehicle reliability upon
introduction and many thousands of hours of work
over subsequent years.

So what is the difference between additions to
a new vehicle and modifications to the same vehi-
cle? I propose the following definitions:

Addition: Any alteration to the baseline vehicle that
does not change the fundamental engineered properties
of its mechanical vehicle components, usually in the
form of add-on or ancillary equipment. Includes mount-
ings for ancillary equipment or crew kit.

Modification: Any alteration to the baseline vehicle
that changes the fundamental engineered properties of
its mechanical vehicle components. Includes removal
of moving components or their replacement 
with alternatives.

If your organization is approaching a project
with sufficient flexibility for research and design,
then by all means make as many modifications as
you wish. However, if the purpose is to buy a proven
vehicle, one which will enter service as quickly and
smoothly as possible, the key is to avoid modifica-
tions.
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To ensure a smooth vehicle purchase, specify
what you need early in the process. Then don’t
change the basic mechanical fundamentals. If
changing the fundamentals is necessary in order to
achieve the required specification, simply under-
stand that the project is wading into R&D — and
make the necessary allowances. Such allowances
will be needed in key areas such as production and
delivery schedules, anticipated initial reliability af-
ter delivery, Lead Time To Availability (LTTA), and
price of spare parts. Additionally, each modification
will require a comprehensive risk analysis and
lastly, the increased risks on the project will have to
be apportioned in detail within the contract be-
tween the supplier and the customer.

In many projects, opportunities will arise to
apply unproven ideas and technology to your new
vehicles or fleet. Even the most professional and
competent staff members or project team members
can become over-enthusiastic about the potential
results of such ideas. The nature of such ideas can
be as varied as the imaginations of the people who
invent them. They can relate to alternative fuel sys-
tems, alternative power plant or drive mechanisms,
moving components, reorienting components, or
any other area you can think of. They may be rec-
ommended by the vehicle suppliers or from within
your project team. There is also the possibility that
the project team members can be so overwhelmed
with the workload at particular stages during a
project, they agree to pursue potentially damaging
paths regarding the types or levels of technology to
be pursued. 
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A Belgian colleague once attended presen-
tations regarding modifications to FV106
Samson Tanks from the CVR(T) family (Fig-
ure 3-1). He related that the presentations
proceeded well, but ultimately one sup-
plier recommended the fitment of an new
filtration exhaust system to the fleet.
Notwithstanding that there are many posi-
tive aspects of being environmentally con-
scious, this particular recommendation
was for the fitment of a system which at that
time, was not currently in operational use
with any armored military vehicle of this
type worldwide. Fitting an untested and
unproven system like this to the Belgian ve-
hicles would very clearly have resulted in a
situation where the customer was field
testing technology in a new operating envi-
ronment — and also would very likely have
been involved in future modifications and
R&D. Of course, the system may or may not
have subsequently proven an excellent in-
vestment.



Note that the technology involved in this ex-
ample, and the associated recommendations, may
have worked out excellently in the long term. How-
ever — and this is a big however! — the key point is
that this particular system, on this particular type
of vehicle, had not already been proven in opera-
tional use by other organizations. In the vast major-
ity of circumstances, you do not want your organi-
zation to be the first operator of a new technology
without very strong justification and an early ac-
ceptance of the possible failings of that technology
while you “iron out the creases.” In this example,
the specific technology in question was not pursued
at that time.

These potentially damaging paths, or vehicle
modifications, can originate in many ways. They
may be recommended by a supplier who wants fi-
nally to have the opportunity to say their new idea
is in use with a customer. (This was likely the case
with respect to the CVR(T) Light Tank example
above.) These paths could also be recommended by
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Figure 3-1  Scorpion Combat Vehicle Reconnaissance
(tracked) during an armoured vehicle shoot 

in Wicklow, Ireland 



project team members who require a modification
in order to push through an agenda related to proj-
ect priorities in their own area. Yes, there can be mi-
cro-agendas within any project team!

When we discuss modifications, we are not
simply referring to changing or switching-out a
component A for an alternative component B. For
example, choosing a similar winch from a different
manufacturer should not raise huge modification
concerns (although there are other concerns that
need to be addressed with such choices). Such a
change may result in small production delays as
mountings or plugs, etc., are changed on the vehi-
cle; still, they are less serious because they do not
usually cause other secondary effects or have unin-
tended mechanical consequences for other vehicle
components and assemblies. Instead, we are refer-
ring to modifications to component A that result in
a new version of that part:  component A-1, if you
will.

When considering engineering modifications
to any vehicle or large piece of machinery/equip-
ment, the following rule of thumb can go a long way
to preventing later engineering issues: 

It is a bad idea to modify a component or assembly if
there is separate component that depends upon the 
unmodified properties of the original.

In short, the more sub-assemblies that depend
upon a component you are considering modifying,

Chapter  3

54



the more problems that can potentially arise and
the less willing you should be to make those modifi-
cations.

In a project involving multi-purpose or multi-
role vehicles, the line between additions and modi-
fications can easily be blurred to suit the needs of
specific departments within the company. This line
can even be blurred to the benefit of individual de-
partments, who are directly contributing to the se-
lection of a particular vehicle. This blurring could
also occur to the detriment of other elements in-
volved in the vehicle selection. 

At some point in the purchasing project, it will
always become apparent that a specific decision has
to be made with respect to which vehicle, or which
specification, to purchase. At this point, when dif-
ferent departments are debating on behalf of their
own interests, human nature can make it very dif-
ficult for a clear distinction to be defined between
additions and modifications. Stage 4 of the purchas-
ing process focuses on Upper Limits and outlines a
means of controlling modifications on your project.

The purchasing team and senior management
must have a very clear understanding that any
modifications to a manufacturer’s baseline that do
not already exist on a vehicle in service somewhere
in the world, fit very clearly into the concept of a
prototype — and should be viewed as such. Any
modifications that have a new or unique configura-
tion, and that are simply unproven to a sufficient
extent, also fit into the concept of a prototype. Sin-
gle components can be proven. However, do not mis-
take this with a proven complete vehicle when all of
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these components are put together. On the other
hand, additions can be viewed as part of the normal
vehicle purchasing process.
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V e h i c l e  C o m p o n e n t  M o d i f i c a t i o n s
a n d  S u p p l y

Modern specialist vehicles are complex combi-
nations of technology. Furthermore, they are no
longer manufactured solely by a single vehicle sup-
plier one step away from the customer. Parts are
manufactured using a complex, modern supply
chain. This chain can have branches stretching
worldwide and extending two, three, four, five, or
even more steps rearward from the final vehicle-
manufacturer. Each link in this supply chain usu-
ally involves a different independent company.
Hence, each modification you require to the final
vehicle specification, or the specification of various
components, increases the project timeline. This in-
crease in time occurs while you await a resolution to
the identified issue, a modification to resolve the is-
sue or meet your demands and also the subsequent
complete availability of the new or redesigned com-
ponents and/or technology. 

The final vehicle and project costs also in-
crease as the number of links in the supply chain in-

57

C h a p t e r  4



crease. For each step further away in the supply
chain that the sub-assembly and minor or major
component manufacturers are located from the cus-
tomer, the timeline and costs grow more and more
for any modified component.

The theoretical example in Figure 4-1 high-
lights the potential of almost exponential supply
cost and time increases that a modification can in-
flict upon a project. It illustrates the importance of
placing upper limitations on any technical project
modifications. I hope it also hammers home the
risks of exceeding these reasonable technological
limits for your new vehicles. 

Let’s first consider a standard unmodified
component. According to Figure 4-1, this theoretical
component is sold to you for $3000, with a lead time
of two months (8 weeks), containing sub-assemblies
stretching back four links in the supply chain.

Now let’s say you decide to modify your vehicle
and that this component modification requires the
suppliers at links 4 and 2 to custom manufacture
parts.

Although these manufacturers are not the
only ones to face cost increases as a consequence of
your modification, they are the ones who will likely
have the largest cost increases. Suppose their in-
house production costs increase fourfold. They in-
crease their prices further, knowing they are guar-
anteed the sale of these modified parts because you
have stipulated this modified specification espe-
cially for your vehicles.

For the final modified component, each manu-
facturer in the supply chain likely has to develop
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custom tooling or alter production procedures. This
will often be the case even if they are not directly re-
designing their specific sub-assemblies. Changes
made to components and sub-assemblies at one
stage can require modified tooling, jigs, or software
code for production machinery at every subsequent
stage in the supply chain. Therefore, in order to al-
low for modifications on sub-assemblies from their
own suppliers further back in the supply chain,
such production changes will likely be necessary.
All of these changes take time, increasing costs for
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Figure 4-1. Unmodified component costs and lead time.



the suppliers and, ultimately, the price of the final
parts. At the very least, each link in the supply
chain has to re-evaluate their own assembly proce-
dures to ensure quality control on the altered parts
and sub-assemblies they are receiving.

The suppliers at links 4 and 2 in Figure 4-1 are
now custom manufacturing parts. In Figure 4-2, we
can see that the suppliers at links 3 and 1 (working
back from the final customer) incur double their in-
house production costs due to the changes to the
parts they are being supplied.
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In the worst case scenario, every link in our
supply chain has to modify their assemblies, adjust
or replace equipment to accept such modified sub-
assemblies of altered shape or design from their
own suppliers, or redraft and reissue modified as-
sembly drawings and procedures. The costs for all
of these changes and the time it takes to implement
them at every level are passed on to your modified
components.

This example is extreme, but serves to illus-
trate the point. You can see the increase in compo-
nent price from $3000 in Figure 4-1 to $12,400 in
Figure 4-2, with an accompanying increase in lead
time from 8 weeks to 24 weeks. This modified com-
ponent could be anything you change the specifica-
tion of on your vehicle — from a winch, to the steer-
ing assembly, braking system, axle, to an air condi-
tioning system, etc.

Another important issue in modern supply
systems for vehicle manufacturers further compli-
cates the matter of component modifications. The
example above does not take account that the mod-
ern supply chain for a major assembly is likely to be
shaped more like a branched tree than a linear
chain. The vehicle manufacturer is quite probably
conducting assembly on more than one sub-assem-
bly in order to create your modified component.
Each of these suppliers at the very end of the supply
chain may also have a number of their own raw ma-
terial suppliers and so on.

If you have modified a component or assembly
on your vehicle; it may now contain custom made
sub-assemblies manufactured a number of steps
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earlier in the supply chain. This will hugely in-
crease your final in-service component Lead Time
To Availability (LTTA) and subsequent unit replace-
ment costs for the entire life of the vehicles, as
shown in Figure 4-2. The theoretical increased lead
time outlined above demonstrates delays only in
the supply of components. The actual initial deliv-
ery times for the new vehicles are further increased
by the testing and certification processes necessary
for new designs or modified components. This is es-
pecially the case if key safety areas are being modi-
fied — areas such as brakes or steering, which will
require an extensive and legally binding testing
and certification process.

In military vehicles — indeed, in any vehicles
— Commercial Off The Shelf (COTS) components
are the key to low cost, sustainable maintainability.
Military Off The Shelf (MOTS) components often
can’t compare to the advantages of purchasing a ve-
hicle that maximizes the use of high quality COTS
components. However, either is much better than
custom made or uniquely modified components. 

Further increasing the costs of any compo-
nents that are specific to a modified individual ve-
hicle design are the raw material purchase pro-
grams of large vehicle manufacturers. Modern
manufacturers often purchase their raw materials
in the form of bulk metal contracts years in ad-
vance, based upon complex projections of commod-
ity prices. They may then hedge the value of these
materials against purchases of futures contracts in
the international stock markets. Digging into the
detail of these processes is beyond the scope of this
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book. However, I need to highlight that any unique
requirements that a customer imposes on a vehicle
design, and which may interfere with such projec-
tions, can increase in cost during the initial months
or years of modification research, before the vehicle
has even entered into service.

Worse, the modified component costs can esca-
late within a few years, when you are seeking to
purchase quantities of essential but unique spares
after the delivery of your company’s unique vehi-
cles. Unless a fleet consists of hundreds or more ve-
hicles — where these risks are offset by the capacity
for bulk purchase of spare parts in the future — cost
escalation is yet another reason to avoid component
modifications.
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Figure 4-3.  Sample single branch of a vehicle component
production supply chain.



Figure 4-3 demonstrates the nature of modern
supply chains. Such diagrams usually appear more
like branched trees than a linear chain of supply.
This example shows only one component supplier
whereas a modern vehicle manufacturer may have
hundreds of direct suppliers, each of whom can
have numerous sub-component suppliers.

Stage 4:  Setting a Project’s Upper Limits 

What is an Upper Limit for a project? I’ve
coined this term to describe the maximum techno-
logical boundaries beyond which a project team
cannot venture with respect to their new vehicle or
equipment. These limits should be specified early
during any vehicle or large equipment purchasing
project. They ensure that the project does not over-
stretch regarding technology, expense, or time.

In my experience, there is often very little ap-
preciation for the huge benefits of setting maximum
boundaries for any project prior to its embarkation.
The focus is generally placed upon the project’s
minimum requirements. Upper limits are not given
much thought until budget overruns or increased
lead times force their consideration. There is also
little appreciation for the importance of such limits
regarding the technical issues they can prevent on
new vehicles.

Unfortunately, in any organization, every
project will be subject to the ebb and flow of human
nature. Sometimes members of a project team, es-
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pecially on the non-technical side, can fail to appre-
ciate the scale of changes being proposed to a vehi-
cle or equipment project’s baseline. This failure is
not so much a failure by the team members them-
selves, but can be attributed to flaws in human per-
formance factors, vigilance decrement (cognitive fa-
tigue), or the limits of the conscious workspace. A
purchasing project should always have maximum
limits in place from the outset.

“In the case of…errors…the defences are the
system safeguards and barriers that detect and
recover errors before they can have a damaging 

result.” (Reason and Hobbs, 2003)

Your upper limits for a vehicle or equipment
technical project can generally be defined as:

The maximum technical specifications of assemblies or
features without any customer modifications

Upper limits are a more basic tool than your
compliance matrix (which will be discussed in Stage
6) and serve a different purpose. They provide a
project team with very clear technical boundaries.
These boundaries can be referenced during the ve-
hicle selection process and the project team must
work to keep from exceeding them. 
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The fundamental difference between upper limits and
the compliance matrix is that upper limits focus on max-
imum specifications whereas the compliance matrix fo-
cuses on minimum specifications. 

In extreme cases, and if absolutely necessary,
changes can be made to the upper limits during a
project. However, changing your fundamental up-
per limits should require serious discussion, exam-
ination and review by the project team. It is not a
decision to take lightly due to the potential for seri-
ous secondary effects that will affect the project. If
you need to redefine your project’s upper limits,
alarm bells should activate within the project team
because either something has gone wrong with the
original tender/purchasing specification or an im-
portant detail was missed when creating the upper
limits. To summarize:

A project’s upper limits define specifications which
should not be changed during the project from those
initially offered by the manufacturer.

The project’s upper limits should ensure that the proj-
ect team do not exceed reasonable engineering
changes, either after a final vehicle selection is made,
or in order to facilitate purchasing a specific vehicle.

If, contrary to the upper limits in place for
your project, a decision is made to modify standard
vehicle components and increase specifications,
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there can be significant financial implications for
your project, and hence for your company. There are
two means by which you, as the customer, can avoid
or minimize this initial financial burden of upper
limit’s modifications.

The first method is that the vehicle supplier
agrees to bear the costs. This may occur if a modifi-
cation is required due to an engineering design is-
sue that is identified during the trials, or simply as
a concession to help win the sale.

The second method of reducing these costs is
by being in the unlikely situation where you can
change to alternative proven components that are
100% compatible with components and fittings al-
ready in place on the vehicle, preferably COTS com-
ponents. This opportunity is very rarely possible.

Regardless of how you avoid these initial mod-
ification costs, if the resulting changes are unique
to your specific vehicle, there are long-term costs in
the form of increased spares prices and increased
spares LTTA; these costs will not be borne by the
manufacturer. Also the time burden to a project of
any modifications can also not be avoided without
seriously compromising the testing and quality
standards on the new units. With the onward pro-
gression of corporate manslaughter, gross negli-
gence manslaughter, and negligent homicide legis-
lation in many countries, such testing and certifica-
tion requirements — especially for key safety-re-
lated items such as brakes or steering — are ig-
nored at your peril. For example,
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An organisation...is guilty of an offence if the
way in which its activities are managed or organised
(by its senior management) .... causes a persons

death; and amounts to a gross breach of a relevant
duty of care owed by the organisation to the

deceased.” (www.cps.gov.uk, 2014)

At the outset of your project, you will have to
define your upper limits to suit your project’s spe-
cific goals. Essentially, you list the major compo-
nents, specifications, or items that the project team
wants to avoid changing on the final product. The
reasons for avoid major modifications can include
keeping costs down, maintaining the desired time-
line, preventing unproven engineering modifica-
tions, or combinations of the above. This definition
is not specific to each individual vehicle; instead, it
is a list of limitations that will be imposed on any
chosen vehicle, regardless of the vehicles that are
being evaluated or will be eventually chosen. After
a final vehicle type is chosen, the list can still be
amended to place limits on any changes to that ve-
hicle’s unique features.

For example, if you want a power source that
has been proven in operational use, you may limit
the fuel choice to a simple diesel or petrol engine,
and not permit alternative fuels or hybrids if such
fuels have not previously been used on your specific
vehicle type or in your specific operational circum-
stances. In this case, you are defining an upper
technological limit to prevent a situation where you
end up testing a relatively new technology. Of
course, if alternative fuels or hybrid technology
have been tested and proven in use on your specific
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vehicle type prior to your purchase, this example
does not apply.

The following list indicates, from the most
practical method to the least practical method, po-
tential ways to define a vehicle purchasing project’s
upper limits.

      1.   Your upper limits are based upon the specification
for all competing vehicles, as seen on the day they
are supplied for customer trials or testing. This is
the preferential method for defining your upper
limits and also the preferred time to do so.
Sufficient time must be allotted at the beginning of
the trials to create this specification. This time
could be a number of hours or days, depending
upon the complexity of the vehicles or equipment
being tested. Using this method, you can
accurately reflect in your upper limits the exact
specification of vehicle components with respect to
the vehicles or equipment you will be evaluating.

      2.   Ask competing manufacturers to submit a
manufacturer’s vehicle baseline definition at the
earliest stages of a purchasing competition; use
this information as a foundation for the project’s
upper limits. Although you will not get to
physically view and confirm the received
specification prior to establishing your upper-lim-
its definition, it will give you a basis from which to
work. You can then confirm the submitted baseline
later through open source research, or in the testing
process, as applicable. It is important to make sure
that the baseline definition you receive — and de-
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fine your upper limits using — lists only
technological specifications that are already tested
and proven in use.

      3.   Define the project’s upper limits using general
boundaries of specifications that you know any fi-
nal vehicle will have. The disadvantage to this
method is that your upper-limits definition will not
account for the unique features on any of your ve-
hicles. It may not accurately account for the
standard specifications of an individual vehicle. As
a consequence, your upper limits may have to be
changed during the process, perhaps more than
once — which is contrary to the principles of hav-
ing an upper-limits definition.

How your organization sets its interpretation
of its upper limits can be adapted, as required, so
that it best suits the needs of an individual project.
Generally, Method 1 or 2 above is the most straight-
forward to implement, with 1 being preferred. This
is because you have the exact specifications in front
of you to use when defining your upper limits.

Regardless of which method is used to define
your upper-limits for the project, it is essential that
this definition is in place prior to beginning the in-
dividual vehicle selection. The upper limits are ba-
sic nuts and bolts of the vehicle or equipment spec-
ifications. They are the standard elements in your
final vehicle, those most likely to exist in any cho-
sen vehicle. The final vehicle will almost never ex-
ceed the upper-limits definition, regardless of dif-
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In the mid 2000's an Irish construction company
was conducting testing and acceptance of a new
telehandler with an upgraded load capacity. The
original lift was installed in accordance with all of
the manufacturer’s specifications; it should have
operated without issue. Despite this, the system
was suffering catastrophic failures during use
above a 3300kg load. These failures were occurring
due to complete disintegration of a connection be-
tween a new hydraulic ram and the chassis. 

After much intense communication with the ve-
hicle manufacturer and the third-party suppliers
further back in the supply chain, a redesigned joint
between the ram and the chassis appeared to be
the solution. The new design successfully com-
pleted extensive laboratory testing in an engineer-
ing lab. It was then duly recommended for a full
rollout and fleet-wide fitment by the telehandler
manufacturer.

Concerned that leaking and some cracking issues
were not the root cause of the failure, and despite
significant timeline pressure to provide a resolu-
tion to the problem, the fleet-wide fitment was re-
jected by the construction company team liaising
with the manufacturer. The customer insisted
upon the new design being fitted to a test vehicle
and undergoing further practical testing. Within
6hrs of actual use, the new design also suffered a
catastrophic failure due to the vibration frequency
and induced loads on the chassis bracket, which
were not present on the test bench.



ferences between the final chosen manufacturers or
individual vehicle suppliers.

Again, components defined in a project’s upper
limits are the fundamentals. They will always be
present; the project team or company will not risk
changing them during the project. These may in-
clude elements such as the engine, steering, brakes,
fitted with wheels or tracks (which do you require
on your final vehicle?), ballistic protection (what
STANAG level is required?), mine protection (what
STANAG level is required?), etc. Once you have
specified these technological limitations, do not risk
purchasing something that exceeds them during
the course of vehicle selection unless you are 100%
certain that the higher specification is thoroughly
tested and proven — tested and proven in actual
use, not just on a test bed because, as the previous
example shows, the two can be very different.
A further redesign ultimately solved the component
problem in this example. However, as the example
highlights, if you are going to make a modification
to a moving vehicle component, neither academic
calculations nor laboratory testing will be sufficient
to confirm the reliability of the modifications in ac-
tual use. To prevent potential failures occurring af-
ter delivery of modified components or assemblies,
it is essential to have the manufacturer carry out
comprehensive field testing of the new design. Mod-
ified components must be tested in actual use or
through realistic field testing.
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Creating Your Upper Limits  

We have outlined in detail why a definition of
upper limits is required, but how do we actually
write one up?

Figure 4-4 shows an example of a project’s up-
per-limits definition. It appears short because the
definition covers a limited number of key basics for
your vehicle or equipment. These basics are the
technical specifications in key areas which, like the

Vehic le  Component  Modi f icat ions  and  Supply

73

Figure 4-4.  Sample upper limits definition.

 
RECOVERY VEHICLE PROJECT 

UPPER LIMITS DEFINITION 
Serial No. Major 

Assembly 
Limitation No.1 Limitation 

No.2 
001 Engine Combustion 

Engine — Diesel 
Diesel engine, 
Turbocharged, 
all as per 
original spec. 

002 Brakes Manufacturer’s 
Standard 

 

003 Steering Manufacturer’s 
Standard 

 

004 Hoist Permanently 
Fixed to Vehicle 

Max 12 ton 

005 Wheeled 6 Wheel Max 6 x 6 

006 Armor 
Protection 

Grenade and 
Mine Blast Level 
2X 
 
Kinetic Level 3X 

 

007 Etc.   

 
 
 



risk values discussed in the next stage, introduce
significant engineering risk if changed. To exceed
these upper limits could cause significant delays or
future costs. This sample definition is for a theoret-
ical purchase of a recovery vehicle.

In this example, no minor assemblies are
listed. For example, no wing mirrors are listed be-
cause changing the type or specification of a wing
mirror will not have significant implications for the
vehicle build. Similarly, no seat styles are listed be-
cause changing the type of seats being fitted will
not significantly change the vehicle build (exclud-
ing blast protective seats). You apply upper limits
only to those major components or assemblies that
could have a significant impact on the production
schedule or vehicle design if they are modified.

If necessary, the creation of the upper-limits
definition can wait until after the compilation of the
compliance matrix (see Stage 6). You might wait in
order to ensure that the final definition sets bound-
aries that meet the overall requirements from the
compliance matrix. However, as mentioned previ-
ously, do not wait any longer than the first day of
any practical vehicle trials or testing that takes
place during the purchasing process. Any later and
you risk that the definition of the upper limits will
be influenced by the developing trials’ progress.

At the start of this chapter, I mentioned risk
values for the first time. These values, which relate
directly to your definition of a prototype for your
specific project, will be explained in Stage.5.

However, suffice to note the following differ-
ence at this juncture regarding the relationship be-
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tween your upper-limits definition and your proto-
type definition:

All of your Upper Limits should be assigned a risk value
in your prototype definition.

All items in your prototype definition do not require 
inclusion as an Upper Limit.

The following discussion explains why each of
the serials from Figure 4-4 were included in the up-
per-limits definition. Remember:  these limits and
their explanations are examples; you will need to
decide what to include for your unique individual
project.

Serial No. 001 
On almost all projects, the general goal with

regards to engine specification is to have sufficient
power, using the simplest and most reliable tech-
nology. Too much excess power or torque in many
cases will achieve nothing other than increased
running costs. In this case, our RFI has also indi-
cated that diesel engines are currently the standard
for this type of vehicle.

Basic Limitation No. 1 in your upper-limits
definition specifies that your vehicle should be fit-
ted with a diesel combustion engine. This limitation
is intended to prevent the project team from becom-
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ing wooed by proposals from potential suppliers to
provide any new or unproven alternative engine for
the vehicle. Perhaps your RFI suggested that alter-
native engines for this vehicle may be largely
untested or simply not in widespread use world-
wide. In this case, your compliance matrix will also
specify a diesel combustion engine as an “Essential
Requirement.”

The remark “turbocharged as per original
spec” in Limitation No. 2 ensures that the project
team does not approve major engineering modifica-
tions in order to alleviate engine problems such as
a lack of power. If a vehicle is lacking power, and the
engine is in the upper-limits definition as some-
thing that cannot be altered from an already proven
system, then look at alternative vehicles or investi-
gate other solutions, such as potential modifica-
tions to non-upper-limits assemblies or compo-
nents. Such modifications could resolve the prob-
lem in ways such as reducing weight; otherwise,
you must review the project in its entirety.

In this example, if your proposed vehicle ini-
tially does not use a turbocharger at all, having one
specified in your upper limits would not present an
issue; remember that upper limits are maximum
specifications. If your compliance matrix require-
ments are still achieved, then using lower specifica-
tions or less technology is always acceptable. The
vehicle specifications should always meet or exceed
your compliance matrix and be equal to or less than
your upper limits.
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A vehicle which performs to the required standard
using lower specifications does not violate the upper
limits. It may, however, violate the compliance matrix, 
which is a separate issue.

Serial No. 002  
A key element in deciding what assemblies or

components to include in your upper limits is an ap-
preciation of how critical any changes to these will
be. The knowledge and experience of technical per-
sonnel can, of course, be useful if required.

In this case, braking is included. Changing the
braking system on a vehicle can often require ex-
tensive testing and certification to meet state, na-
tional, or international legislative standards. Meet-
ing these standards takes time and will often push
out a project schedule. If this time is not available,
these changes need to be avoided.

The braking system on any vehicle is a funda-
mental safety aspect. It may seem obvious to read-
ers, but clearly any proposed vehicles or modified
vehicles that are put forward for purchase by your
organization, without a fully certified and proven
braking system, should be dismissed.

When a manufacturer proposes a vehicle to
your company for purchase, there are very few rea-
sons to want to change the manufacturer’s standard
braking system. One of those rare instances when
this might be required is when the vehicle weight in-
creases significantly. A significant weight increase
may require braking changes to ensure the vehicle
continues to meet legislative standards. However,
the process of implementing physical braking modi-
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fications to a vehicle, and then also passing the nec-
essary testing, is both time consuming and expen-
sive — with no guarantee of passing the testing!
Therefore, any significant vehicle weight increase
should be avoided in order to avoid the requisite
braking modifications that it will cause.

If the Upper-Limit’s are specified correctly
and enforced, then the net weight of any vehicle
chosen should not increase more than a minor
amount. If a project team fails to enforce the upper
limits, then the effect of any modifications and the
subsequent number of secondary modifications in-
volving systems such as brakes can multiply fast.

Serial No. 003 
As per braking above.

Serial No. 004
This example is based on the theoretical purchase of a

recovery vehicle. Therefore, this vehicle will be purchased
with a lifting hoist or crane (Figure 4-5).

The minimum size of hoist required will be
specified in the compliance matrix. However, as ex-
plained earlier, the maximum size of hoist accept-
able is specified here in the upper limits specifica-
tion. In this instance, a 12-ton hoist is the limita-
tion imposed. You will likely have determined that
above 12 tons, the increased capacity will cause an
increase in vehicle weight to an extent that may be-
gin to require other modifications to the vehicle —
hence, the limitation. This determination is based
on your experience; the class, type, and size of vehi-
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cle you are purchasing; and on what the RFI has
shown is the standard sizes of hoist fitted to this
class, type, and size of vehicle.

Determining such limits requires knowledge
of modern market availability and familiarity with
the current industry standards for your vehicle or
equipment type and specifications. This informa-
tion will have been gleaned from your RFI.

An example of other secondary modifications
related to fitting a larger crane or lifting hoist to a
vehicle may include wheel and axle capacity limita-
tions. Perhaps the crane or lifting hoist mountings
will also affect vehicle weight. Any additional
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Figure 4-5.  An Italian Mercedes 30 metric tonne MHC
(Mobile Heavy Crane) in United Nations livery. Although the
gross weight of this vehicle is 38 tonnes, vehicles fitted with

lifting equipment are often referred to by the capacity of
their equipment.



weight can cause other significant modifications, as
per serial No 002 and 003 above. Consequently, the
amount of technical and time management issues
with the project could potentially snowball if some
upper limit is not placed on crane and hoist size.

If, however, a manufacturer proposes a vehicle
with a 14-ton hoist as standard, and it is already fit-
ted to the proposed vehicle type and already proven
in service, then, by all means, change this upper
limit specification. But change the specification up-
wards from 12 ton to 14 ton, only if any vehicle mod-
ifications that are required to facilitate the change
are already in service somewhere and have a
proven reliability record.

Serial No. 005 
This limitation may seem unnecessary, but

again the upper limits are the key fundamentals of
the type of vehicle you hope to purchase. Deciding
during a project that the team wishes to purchase a
specific vehicle but change it from wheeled to
tracked, or vice versa, is probably one of the most
extreme and clear examples of why project modifi-
cations are usually a bad idea.

To the experienced reader, this scenario is very
unlikely. Still, even the most non-technical reader
can realize that significant work is involved in a
modification from wheels to tracks. This would also
involve fundamental hull, chassis, and drive train
redesign — significantly changing the vehicle to the
extent where the end product would have little re-
semblance to the wheeled vehicle chosen initially
during trials.
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Again, the project team’s permission to make
changes to any new vehicle should be restricted by
the upper limits definition. I am continually sur-
prised at how people can swoon in the presence of
ideas that may seem nice on paper or in a presenta-
tion, but are ultimately being proposed by a com-
pany who wants only to sell a particular vehicle or
product. Remember:  no matter how good the rela-
tionship, the manufacturer’s and supplier’s key
goal is always to sell their products.

Serial No. 006 
In the military, this limitation is the big one. It

is also acutely relevant in the security industry. Is
it worth changing every mechanical component on a
proposed vehicle in order to move one step up in the
level of protection? Because armor protection is
simply heavy and has a significant effect on a vehi-
cle’s net weight, this question is one that your proj-
ect team may have to answer. Okay, this concern is
unlikely to be raised in most civilian fields; how-
ever, it does serve to highlight the weight consider-
ation to all readers.

If you are unwilling to significantly push out
the project timelines and introduce a now unproven
vehicle, then your answer is “No, it is not worth it”.
Such increases in armor will likely involve exten-
sive changes to different systems (e.g., axles,
wheels, brakes, steering, and possibly engine and
transmission) and the overall solution. Further-
more, ongoing changes to vehicle components are
likely after delivery. Again, if your answer is “No,”
dismiss the proposed vehicle and review the costs of
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purchasing an alternative proven vehicle that
meets your protection requirement, without having
to implement significant baseline modifications.

To the uninitiated reader, the answer above
may seem incorrect — protection of life should al-
ways be paramount. Although it is outside the focus
of this book, realize that in the military, protection
of life involves not only a vehicle’s inherent protec-
tion level, but also its mobility and firepower, the
other two pillars of the protection triangle. Thus,
sacrificing vehicle reliability — a significant reduc-
tion of the mobility pillar — for the benefit of inher-
ent protection is no better than doing the opposite.

Whether it is armor protection causing a
weight increase or any other modification, such as a
significantly larger hoist, a balance must be struck.
This balance is between the benefits you expect to
gain from your modifications, the secondary or ter-
tiary modifications that will be caused by any addi-
tional vehicle weight, and the reduction in reliabil-
ity that will be caused by unproven technology or
systems during a vehicle’s introductory years.

Remember that the upper limits define the
maximum specifications. The alternative vehicles
do not have to meet these limits as the project’s
minimum protection requirements are defined in
the Compliance Matrix discussed in Stage 6.

You should not seek to modify a selected vehicle
to exceed the readily available technology in the
marketplace because this will not yet be tested or
proven.
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If a manufacturer states they can achieve a higher spec-
ification than your upper limit, or higher than what you
believe is proven in use with other customers to date,
but it will require modifications to the vehicle, then do
not accept it unless the manufacturer can provide evi-
dence the modification is already in service and well
proven.

You must not be blinded by ever-increasing
specifications. Stick with the levels and limits the
project team imposed a number of weeks, months,
or years ago at the outset. These limitations were
defined for a reason.

If the answer is “Yes” regarding whether the
organization can push out the project timelines and
introduce unproven modifications, then no prob-
lem. Be honest and admit that the project is now
carrying out R&D and be prepared to push out the
timeline to a realistic level in order to facilitate
these changes. The organization should also be pre-
pared to change the approach to the project accord-
ingly, in order to account for the likely increase in
testing and proving requirements subsequent to
major design changes.

This example demonstrates that the upper-
limits definition is a short table that provides the
most fundamental controls and limitations for only
the most major aspects and assemblies of a pro-
posed vehicle purchase. Do not make changes to
items included in your upper limits without very se-
rious consideration!
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Stage 5:  Setting a Project’s Prototype 
Definition  

The Prototype Question  
When does a modified project become a proto-

type?

Prototype: “An original type, form, or instance
serving as a basis or standard for later stages.”
(thefreedictionary.com)

Note the relationship between your upper-lim-
its definition and your prototype definition:

All of your upper limits should be assigned a risk value
in your prototype definition.

All items in your prototype definition do not require in-
clusion as an upper limit.

The word prototype can foster many different
reactions depending upon the situation. In an R&D
department it is commonplace, whereas in a vehicle
purchase it is often the antithesis to the guiding prin-
ciples of simplicity and reliability we hope to achieve.

Prototype does not have to be a dirty word,
even for small organizations. There are ways by
which organizations can benefit hugely, and at min-
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imized cost, from making vehicle changes that in a
literal sense are defined as prototypes. Some base-
line modifications or changes to upper limits that
have not previously been applied by other cus-
tomers, can represent great improvements or value
for money. However, early acceptance is required
that every modification brings increased risk and
increased financial costs to a project. They also
bring extended time requirements to take the proj-
ect to completion. These risks and requirements
may not be immediately apparent. 

There is a significant difference between dip-
ping your toe into the lake of modifications and div-
ing in head first! It is much too easy for a project
team, and also the suppliers working with them, to
begin with one or two small modifications, which are
added to and extended continuously until we move
towards what can only be considered a new vehicle.
The specialist members of any project team have a
significant responsibility to highlight when changes
begin to set off silent alarm bells. Likewise, a project
team leader must heed any warnings received.

Your project team needs to define clearly in ad-
vance the threshold at which the vehicle being pur-
chased stops being the vehicle the team originally
intended to purchase and thus effectively becomes
a prototype. An easy, arbitrary answer could be af-
ter 50% change to the original vehicle baseline. But
deciding the actual percentage will be dependant
upon the nature of the vehicle modifications, the
secondary or tertiary effects of any modifications,
and the level of percentage changes your individual
project is able to bear when all factors are consid-
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ered, including increased project timelines and
post-delivery mechanical problems with any new
technology.

I contest that 50% change to a vehicle baseline
as given above could be an extreme amount of alter-
ations. The following questions highlight the diffi-
culties with defining a clear line after which you are
in prototype territory. They also highlight the type
of thought process you must go through to reach a
prototype definition. 

      •     What is the nature of the changes which will be
clearly defined as representing this percentage
(50% in our example)?

      •     Will this percentage not be reached until every
component is changed except the chassis? Or if
only some components can be modified, at what
point do you reach 50%?

      •     Can a 50% change to the baseline be exceeded im-
mediately by any changes to the braking system,
because your company weighs the importance of
this system so much that it is unwilling to allow
changes to it? Or perhaps a 50% change will
comprise both brakes and steering system
modifications?

      •     Is your higher organization management willing to
accept the proposed percentage changes from the
original vehicle baseline in your particular project?

      •     Will the timeline to vehicle introduction
realistically allow the scale of modifications
you’re proposing?
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      •     Is the end result of all modifications likely to
justify the inherent increased risk to the project?

      •     Who will bear the costs associated with any
vehicle design changes?

      •     Who will bear the costs associated with re-modifi-
cation of failed changes?

These are all questions that need to be an-
swered well in advance of them ever directly aris-
ing. If the project is within a large organization, is
there an overarching guidance document on vehicle
purchases? Does this document give concrete policy
guidelines on these types of questions and the ex-
tent of modifications a project team is permitted to
make on mechanical purchase projects? 

A vehicle purchasing policy guidance document re-
moves the individual project and its team members from
the equation. A technical guidance document for major
purchasing projects should exist in all large organiza-
tions.

A straightforward question, sometimes asked
by non-technical persons who want to implement a
modification to a manufacturer’s baseline is “Will
this change work?” or “Can this technical problem
be fixed?”

The fact that such a question is being asked 
already indicates that there has been a question-
able selection of a particular vehicle or item of
equipment for purchase. Ironically, the technical
expert’s safe answer to this type of question will 
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almost always be “yes” as explained by the alterna-
tive answer below. I suggest that when the reader
hears the answer “yes” to such a question, it should
be substituted mentally with the following two 
sentences.

Almost any technical modification that is given enough
time and money can be made to work — eventually. It
may work after a lot of expense, false starts; and many
years; it may not work well or to your satisfaction; but it
will operate, it can be said to be fixed, it can be said to
work.

From the statement above, it is obvious that
two key issues which require clear definitions and
boundaries prior to your organization embarking on
a major vehicle purchasing program are as follows:

      •     The first issue which requires a prior boundary for
the project and which ties into the issue below was
already discussed in Stage 4. This is where your
organization is willing to draw the line, between
acceptable and fundamentally unacceptable modi-
fications on the project. The project’s upper limits
are the “black and white” line between these
acceptable and unacceptable modifications. Be cer-
tain they are defined carefully.

      •     The second issue is the purchasing organization’s
or customer’s definition of a prototype. A project
team can potentially make tens or hundreds of
changes to a vehicle without exceeding the upper
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limits. Such changes also need to be controlled and
limited. Your project team may be briefed that they
will not purchase a prototype of any vehicle, or
such a decision may be reached by the team
themselves. If a no-prototype limitation is placed
upon the project, it is fundamental that the team ap-
proving changes to a vehicle baseline knows what
is, or is not, a prototype. An easy definition of a ve-
hicle that is not a prototype is one already in service
with other customers. However, this definition will
prove useful only until modifications begin to be
made during the purchasing process. The team
needs to know the point at which the acceptable
proven vehicle undergoing reasonable modific-
ations, becomes an unacceptable, unproven
prototype vehicle with too many modifications.
This point is determined by your prototype
definition.

A project team can define a prototype by
weighting components according to an evaluation of
how much disruption they may cause to the proven
vehicle design if they are modified. A good rule of
thumb is that the more sub-components you have
dependent upon a named assembly, the more you
should avoid changing this assembly. These
changes carry risk not only to the assembly being
modified, but also to the ancillary assemblies and
components. Thus, there is an inherent increased
level of risk. Also, if a component is directly related
to legal vehicle certifications, then there is 
increased risk due to the possibility of failing any
recertification testing.
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In order to define a limitation for the allowable
scale of changes to a vehicle during a purchase proj-
ect, we can draw up a table of maximum risk values
using the following method.

First, an arbitrary number should be decided
for this project’s total level of unacceptable risk. De-
pending upon the complexity of the vehicle being
purchased, this value should be large enough (500,
1000, 10,000, etc.) to give a project the flexibility re-
quired in differentiating levels of risk between com-
ponents. 

Once the total value is decided, allot percent-
ages to different vehicle components reflecting the
amount of risk that modifying them introduces to
the project. For example, if the total level of unac-
ceptable risk on our project is 10,000 points, allot
50% or 5000 points to the braking system and 2% or
200 points to the wing mirrors. As the project pro-
gresses and modifications are required to the vehi-
cle, the values allotted to any component being
modified should be added together. Once this sum
reaches the total for the unacceptable risk value, in
this case 10,000 points, any more changes make the
risk to the overall project unacceptable. The vehicle
then becomes a prototype according to your defini-
tion. Of course, defining your risk values requires a
team member who understands the likely technical
implications of changes to individual components or
assemblies.

The project team can rigidly freeze the vehicle
definition once this prototype risk value limit is
reached. But even if the risk value is being used
only to highlight a growing level of vehicle changes
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in the project, it is still advisable to follow this pro-
totype risk value system on the project. Following
the system will allow the project team to track the
scale of overall changes being implemented on a ve-
hicle. These changes will often occur over the course
of months or years during the design phase of a
large vehicle purchasing project; there can be an
unintentional failure on the part of project teams to
track them holistically.

The following example demonstrates the prin-
ciples of using a prototype definition and unaccept-
able risk values as described.

Our unacceptable risk value in this example is
500 (Figure 4-6). This value is split between differ-
ent components. Here, the lighting system is given
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Figure 4-6.  Sample Maximum Risk Value Table.

 
PROJECT PROTOTYPE MAX RISK 

VALUES 
500 

Assembly Risk Value 
Engine 501 
Transmission 350 
Armour 501 
Brakes 350 
Steering 350 
Lighting (External) 50 
Axles 250 
Wheels 100 
Cooling System 501 
Suspension 200 
Hoist 150 
Weapon Mountings 150 
Etc...  

 



a risk value of 50, the wheels are given a risk value
of 100, etc. Initially, almost any individual compo-
nents on the vehicle can be changed or modified.
Each time a component is modified, however, its
risk value is added to the risk value of any other
modified components. Thus, we are keeping a run-
ning total of the overall level of risk on the project.

As long as the total value of all added items
does not exceed our total project risk value of 500,
we can continue modifying different assemblies and
components.

In Figure 4-6, we have specified the engine
with a value of 501. This value immediately exceeds
our total project risk value of 500 because we do not
want to accept the risks involved in making engine
changes on any vehicle we choose to purchase. The
reason may be simply due to timeline considera-
tions, or it may be due to the significant secondary
and tertiary effects likely to be caused to other ve-
hicle systems by an engine modification or change.
The same applies to the cooling system and the ar-
mor. The armor has a risk value of 501 because an
increase in vehicle armor will likely cause weight
increases and consequential modification require-
ments to a significant number of vehicle compo-
nents.

The brake and steering risk values are set
high, but they do not exceed our maximum project
value of 500 (i.e., they are not at 501), because the
project is willing to risk alterations to these. We will
accept possible changes to these systems, with an
awareness of the increased risk involved with test-
ing and re-certification of the vehicle. However, be-
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cause of the time involved in changes requiring
such certifications and the increased risk involved
due to the possibility of failing such re-certification,
the project cannot also bear the weight of too many
other modifications — the timeline may slip, or per-
haps later re-modification will be required to the al-
tered brakes or steering. Hence, these are given
risk values of 350 which will allow other changes to
the vehicles but significantly limit the overall num-
ber of changes allowed in addition to them.

If you make any alteration to a component listed in your
unacceptable risk table, no matter how minor, the risk to
the successful completion of the project increases.
Hence, your running total of risk values increases. When
you reach your total unacceptable risk value (prototype
definition value), no more changes are permitted. Re-
gardless of risk values, if any changes are made, they
cannot exceed your upper limit for that specific 
component.

Again, it is important to specify this definition
and the various component risk values at the outset
of the project. They are intended to limit the scale of
engineering involved in the project and to keep the
project team within a clear set of boundaries when
the tough decisions have to be made. This restric-
tion is also key to maintaining the project timeline.
The list of assemblies and components that are al-
lotted a prototype risk value should extend to in-
clude all major assemblies for your proposed vehicle
type. 
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Stage 6:  Compiling a Compliance Matrix  

The Compliance Matrix is used to specify to
potential suppliers your minimum and fundamen-
tal requirements for a project. It is created at the
beginning of your purchasing project and effectively
lists exactly what it is that you want to buy.

The compliance matrix should specify the
characteristics of any potential vehicle which you,
the customer, would find desirable and essential.
The difference between these two types of charac-
teristics is defined here:

Desirable characteristics:  Those characteristics that
you would like to see on a vehicle, but are not essential.

Essential characteristics: The fundamental
requirements that must be met, or a supplier’s vehicle
will not be chosen for purchase.

Military organizations can often tend to over-
spec their vehicles, but this trait is also often seen
in commercial fleets, for example regarding the en-
gine capacity of a new vehicle. The trend to seek
higher specifications than necessary on a potential
new vehicle is ironically only challenged by the
equally frustrating capacity of purchasers to under-
spec in other areas.

Generally, the trend to over-spec when decid-
ing vehicle specifications in a purchasing project oc-
curs regarding the mechanics or job specific ancil-
laries of the vehicle. The trend to under-spec often
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occurs regarding the ergonomics and crew comforts.
Either of these extremes may be implemented with
best intentions, but they can have disastrous re-
sults on the final effectiveness of the vehicle to
carry out its intended purpose. Incorrect specifica-
tions on a new vehicle can also negatively affect the
project timeline, unit cost, and running costs over a
vehicle’s life cycle. It is very important to be aware
of this and give due consideration to creating appro-
priate specifications when deciding which vehicle
characteristics will be essential and which will be
desirable.

As stated, desirable characteristics are those
which an organization would like to have on a new
vehicle. However, the lack of them will not neces-
sarily eliminate a vehicle from contention. Essen-
tial characteristics are exactly what they appear to
be — they must be met by any vehicle supplier.
They are those characteristics without which an of-
fered vehicle will be rejected early during the pur-
chasing process.

Your compliance matrix should be a compre-
hensive document. It is the first opportunity to ex-
clude any manufacturers from contention — those
whose vehicles may not even resemble what your
company needs or intends to purchase. However, in
my experience, the most important aspect of com-
piling a compliance matrix is to specify only what
you actually require on your end product. Never
over-spec or seek a higher specification for a vehicle
than your fundamental requirements. Never spec-
ify technology that an RFI or reliable information
has indicated is not readily available. This is most
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important with essential characteristics.
It may not be possible for any potential sup-

plier to meet a compliance matrix requirement that
is too technologically advanced and improperly re-
searched, or worse, not researched. An item that is
incorrectly specified as an essential requirement
without proper preparation and research can jeop-
ardize the entire project. In such circumstances, if
no supplier can meet a stipulated essential charac-
teristic — perhaps because the technology doesn’t
exist in your vehicle type — the result can be an un-
wieldy scramble to justify unrealistic compliance
matrix specifications. You may also then have to
change specifications downwards to keep a project
alive.

This can cause further embarrassment or po-
tentially kill the project if it appears that the re-
quired vehicle technology is not available, when in
reality the organization stated a requirement be-
yond what was actually needed. The result is some-
one having to explain why an essential characteris-
tic is no longer considered essential. Either way, the
end result is negative for the project itself, and can
reflect badly upon everyone involved and upon the
professionalism of the organization.

Never identify a vehicle characteristic that exceeds your
fundamental requirements as being “essential.” Use
“desirable” characteristics to aim at higher specifica-
tions.

If one manufacturer somehow manages to
meet an essential requirement specified higher
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than what is actually needed, it may change the
face of the entire purchasing process. Your organi-
zation may then be forced into buying a product
that is lacking in a very significant number of ar-
eas, solely because there are no other providers able
to meet a single requirement you designated as es-
sential at the time you were seeking the vehicle.
This may be the case even if you complete the total
ratings for each contender, and other potential can-
didate vehicles are better overall. 

Here is an extreme — and I hope, unlikely —
example to highlight this point. Suppose four vehi-
cles are competing for a contract. All vehicles are
rated best to worst from 1 to 4. In order to give the
manufacturers a particular goal in the project, you
specify a power-to-weight ratio as essential, one
that does not currently exist in this type of vehicle
worldwide. Should the worst vehicle somehow man-
age to meet this single essential requirement,
which the others do not, you may be forced into pur-
chasing the worst overall vehicle. 

This undesirable result occurs simply because
the other three vehicles are eliminated by default
for failing to meet an essential requirement. This
problem may not be a binding one in the private sec-
tor, where the project evaluation can be overridden
by a company owner or management board. How-
ever, in the public sector, purchasing a second-
placed or third-placed vehicle, while failing to pur-
chase the vehicle that meets an incorrectly speci-
fied essential characteristic — and to all appear-
ances won the purchasing competition — can result
in lengthy court battles and litigation.
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On military purchases, an opinion is often
held that more armor protection is always better.
This view is, in fact, erroneous because the level of
protection should be directly derived from the antic-
ipated employment and role of the vehicle. We’ve
previously seen this concern mentioned in the dis-
cussion of Stage 4, Creating Your Upper Limits —
Serial No. 006. Increasing armor protection beyond
what can be considered standard for a particular
vehicle type can have a dramatic effect upon other
vehicle characteristics. Again, these types of
changes ultimately lead into R&D. The prototype
definition and upper-limits definition for your pur-
chasing project offer some constraint in this regard.
However, they are not distributed to the competing
vehicle suppliers or manufacturers and would not
have legal standing if a dispute arose later.

A project should never use the compliance matrix to try
to give prospective suppliers a target to achieve. Any
manufacturer worth their salt, if they exceed require-
ments in an important area, will let the project team
know about it anyway.

Compliance matrix specifications for your fi-
nal vehicle will consist of stipulations such as “The
vehicle must be wheeled and not use tracks.” The
matrix allows you to transfer to the potential sup-
pliers some of the responsibility for the vehicle
meeting your legal requirements. For example, in
relation to braking systems, you may specify, “The
vehicle must comply with European Union Council
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Directive 71/320/EEC and all subsequent amend-
ments.” Or, in relation to compliance with an um-
brella law, an essential characteristic might state,
“The vehicle must comply with the Road Traffic
Acts 1961 to 2011.”

The compliance matrix will also specify how
you confirm that a potential vehicle meets each re-
quirement. A vehicle can meet a requirement
through trials, which effectively means that your
company will test the vehicle to ensure that it meets
the required specification. In some cases, this test-
ing may involve only a visual check — for example,
is the steering wheel on the correct side? In other
cases, the trial involves more extensive testing, such
as the use of decellerometers to confirm braking
force, or precisely engineered slopes to measure the
ability to open heavy doors manually, etc.

Another option for ensuring that a vehicle
meets a requirement is through Manufacturer Cer-
tification, which means manufacturers will be re-
quired to provide written certification that their ve-
hicles meet the required specification. This ap-
proach obviously leaves manufacturers open to ex-
pensive litigation and reputational damage at a
later date if the information they provide is incor-
rect. In my experience, this has never been an issue
and is unlikely to be so if you are dealing with rep-
utable manufacturers. The option of manufac-
turer’s certification is usually used for very exact-
ing scientific and legal standards where testing is
expensive and time consuming.
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Figure 4-7  Sample Compliance Matrix

EQUIPMENT / VEHICLE PROJECT COMPLIANCE MATRIX 
Serial Description Requirement Requirement 

Essential (E) 
Desirable (D) 

Qualification 
Trials (T) 
Manufacturer 
Certification (C) 

Comment 

1.0 Speed Vehicle must be 
capable of a sustained 
on-road speed of 
110km/hr. 

E T  

2.0 Fuel Equipment must be 
capable of operating for 
>12 hours at full 
capacity. (Or vehicle 
range > X Miles) 

E T  

3.0 Fording Vehicle must be 
capable of a minimum 
unprepared fording 
depth of 0.5m 

E C  

4.0 Side Slope Vehicle must be 
capable of operating on 
a minimum side slope 
of 20%. 

E C  

5.0 Temperature Range Vehicle must be 
capable of operating in 
accordance with SAE 
Standard XXXX. 

E C  

6.0 Weight Vehicle must have a 
GVM (Plated) no 
greater than 12000kg. 

E T  

6.1  Vehicle must have a 
minimum payload 
capacity of  > 1 ton. 

E C  

7.0 Cross Country Vehicle to be fitted with 
tires suitable for both 
on-road and off-road 
use. 

E T  

7.1  Vehicle must be 
capable of sustained 
operation off-road with 
no subsequently 
noticeable negative 
effect on brakes or 
steering. 

E T  

7.2  Transfer case must 
facilitate constant 4x4 
operation. 

E T  

8.0 Capacity Vehicle must have the 
following minimum 
crew capacity: 1 x 
Drive 

E T  



Vehic le  Component  Modi f icat ions  and  Supply

101

with a diesel engine 
generating a 
power:weight ratio of 
no less than 23:1. 

9.1  Vehicle should be 
capable of using LPG. 

D T & C  

9.2  If vehicle uses a direct 
drive forestry cutting 
disc, this must be 
capable of being 
manually disabled by a 
person outside the 
vehicle through the use 
of a readily accessible 
emergency button at the 
opposite side to the 
cutter. 

E T  

9.3  Vehicle should be fitted 
with an engine block 
heater for starting in 
cold conditions. 

D T  

10.0 Emissions Vehicle must meet 
EURO-III emissions 
standards. 

E C  

10.1  Vehicle must meet 
EURO-IV emissions 
standards. 

D C  

10.2  Vehicle exhaust efflux 
must be directed so as 
not to blow into the 
drivers cab. 

E T  

11.0 Idle Vehicle must be 
capable of extended 
idling while operating a 
cutting disc for 10hrs in 
any 24hr period and 
50hrs in any 5 day 
week. 

E T  

12.0 Steering Vehicle steering must 
conform with Federal 
Motor Vehicle Safety 
Standard - FMVSS 203, 
FMVSS 204, FMVSS 
XXX, (Or 136, 
70/311/EEC and 
XX/XXX/EEC as 
applicable) 

E C  

12.1  Steering box must be E T  

continued

Drive 
8.1  Vehicle should have the 

following minimum 
crew capacity: 1 x 
Driver 2 x Passenger 

D T  

9.0 Engine Vehicle must be fitted E T  
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center of the cab. 
13.0 Brakes Vehicle braking 

systems must conform 
with FMVSS 135, 
(71/320/EEC etc.) 

E C  

13.1  Vehicle must be fitted 
with an anti-lock 
braking system. 

E T & C  

13.2  ABS Sensors and 
cabling must be routed 
and protected so as to 
minimize likelihood of 
damage inside forests. 

E T  

13.3  Braking system must be 
capable of holding 
vehicle on a 70% slope 
without pedal use by 
driver. 

E T  

14.0 Restraints Vehicle must be fitted 
with restraints in 
accordance with 
FMVSS 202 (FMVSS 
XXX, 77/541/EEC etc.) 

E C  

15.0 Bodywork Vehicle will be capable 
of undergoing an 
external cleaning 
process using high 
pressure water jets ( > 
130Bar). 

E T  

15.1  Vehicle will not have 
external recesses where 
water can collect and 
cause corrosion. 

D T  

15.2  Interior floor and 
fittings must provide 
the maximum level of 
durability. 

D T  

15.3  Exterior must be 
finished in the 
following color: XXXX 

E T  

continued

12.1  Steering box must be 
protected from damage 
due to external impact. 

E T  

12.2  Vehicle will be fitted 
with effective power 
assisted steering. 

E T  

12.3  Vehicle steering wheel 
will be located in the 

E T  

EQUIPMENT / VEHICLE PROJECT COMPLIANCE MATRIX 
Serial Description Requirement Requirement 

Essential (E) 
Desirable (D) 

Qualification 
Trials (T) 
Manufacturer 
Certification (C) 

Comment 

1.0 Speed Vehicle must be E T  
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continued

licensed parts. 
16.2  Spare Parts catalogue 

must list original 
equipment 
manufacturer (OEM) 
name and OEM part 
numbers. 

E T  

16.3  An itemized price list 
must be available for 
vehicle spare parts 
supplied direct from the 
vehicle manufacturer 
for the current year - 
2004. 

D T  

16.4  A complete list of 
Special Tools and Test 
Equipment required to 
maintain the vehicle (If 
any) must be available. 

D T  

16.5  Vehicle manuals must 
be in the English 
(Spanish, French etc.) 
language. 

D T  

16.6  For no less than 20 
years, manufacturer 
will provide 
maintenance support for 
the vehicles (Or 
equipment) on an ‘as- 
requested’ basis, using 
their dealer network in 
Alaska. In the event of 
parts’ obsolescence, the 
vehicle manufacturer 
will recommend an 
alternative component. 

D C  

16.7  Vehicle should use an D T & C  

following color: XXXX 
15.4  Horizontal exterior 

surfaces which facilitate 
stepping must be coated 
in a non-slip finish. 

D T  

16.0 Maintenance 
Support 

Manufacturer must 
provide a number 
(TBD) of spare parts 
catalogues available 
showing 
MTBF/MMBF, 
MTBCF, MTTR, 
LTTA. (COTS etc.) 

E T  

16.1  Vehicle makes 
maximum use of non- 
unique or manufacturer 

D T  
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defined by purchaser). 
18.0 Communications Vehicle will be capable 

of providing a power 
supply for XXXX radio 
system and be fitted 
with a mounting in the 
drivers cab. 

E T  

19.0 Equipment Vehicle must be fitted 
with an internally 
mounted hand-operated 
fire extinguisher which 
does not use HALON 
as the extinguishing 
agent. 

E T & C  

19.1  Vehicle engine bay 
must be fitted with a 
Fire Detection and 
Suppression System 
(FDSS) which does not 
use HALON as the 
extinguishing agent. 

E T & C  

19.2  Vehicle should be fitted 
with a self recovery 
winch certified in 
accordance with EN- 
14492/2010 etc. 

D T  

19.3  Vehicle should be fitted 
with external white 
floodlights covering a 
270 degree arc centred 
to the vehicle front. 

E T  

continued

EQUIPMENT / VEHICLE PROJECT COMPLIANCE MATRIX 
Serial Description Requirement Requirement 

Essential (E) 
Desirable (D) 

Qualification 
Trials (T) 
Manufacturer 
Certification (C) 

Comment 

1.0 Speed Vehicle must be E T  16.7  Vehicle should use an 
appropriate level of 
Mechanical 
Diagnostics. 

D T & C  

16.8  Vehicle should be fitted 
with an easily 
removable belly cover 
to protect from damage 
due to impact with 
sawn logs and debris. 

D T  

16.9  Vehicle should make 
maximum use of quick 
release couplings on 
hydraulic and fluid 
piping. 

D T  

17.0 Development 
History 

Vehicle will have a 
proven in-service 
reliability record and 
not be a prototype (as 

E T  
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20.4  Vehicle should be fitted 
with a self-sealing fuel 
tank. 

D T & C  

20.5  Vehicle must be fitted 
with a differential lock. 

D T  

20.6  Vehicle should be fitted 
with an internal over- 
pressure and filtration 
system to provide clean 
air to the driver, for use 
in the vicinity of forest 
fires. 

D T & C  

20.7  Vehicle should be fitted 
with side bars to allow 
external strap-on loads. 

D T  

20.8  Vehicle cab must not be 
internally lockable. 

D T  

20.9  All doors and windows 
must be fitted with 
waterproof seals. 

D T  

20.a  Vehicle should be fitted 
with run-flat tires. 

D T  

20.b  Cutting disc in stowage 
position must not 
protrude beyond the 
vehicle wing mirrors. 

D T  

20.c  Vehicle must be 
capable of operating 
with wheel chains. 

D T & C  

20.d  Vehicle must comply E C  

continued

to the vehicle front. 
19.4  Vehicle will be fitted 

with a vehicle/operator 
monitoring system, 
with second-by-second 
recording of vehicle 
speed & rpm, and disc 
cutter rpm etc. 

D T  

20.0 Operational 
Functionality 

Vehicle will be fitted 
with a towing hitch. 

D T  

20.1  Vehicle will be fitted 
with a cold/warm air 
Air Conditioning 
system for the drivers 
cab. 

D T  

20.2  The drivers cab will 
provide rollover 
protection in 
compliance with all 
state and federal law. 

D T  

20.3  Vehicle cab design 
must minimize the 
danger from wooden 
projectiles due to disc 
cutter usage. 

D C  
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applicable) 
22.1  At least one (1) exit 

point will be capable of 
being opened when the 
vehicle is resting on its 
roof or side. 

E T & C  

22.2  Ride quality will ensure 
that personnel in the 
vehicle do not suffer 
undue motion sickness. 

D T  

22.3  Radio will have an 
external antennae 
mounting point as 
specified by the 
manufacturer of the 
following aerial: 
XXXX 

E C  

22.4  Vehicle must be free 
from asbestos. 

E C  

23.0 Protection Vehicle cab should be E T & C  

continued

EQUIPMENT / VEHICLE PROJECT COMPLIANCE MATRIX 
Serial Description Requirement Requirement 

Essential (E) 
Desirable (D) 

Qualification 
Trials (T) 
Manufacturer 
Certification (C) 

Comment 

1.0 Speed Vehicle must be E T  20.d  Vehicle must comply 
with the following U.S. 
State and Federal (Or 
European as applicable) 
Regulations: 49 CFR 
Part 571 etc. 

E C  

20.e  Vehicle must comply 
with the following SAE 
Standards: XXXX 

E C  

21.0 Ergonomics Vehicle will facilitate 
safe operation by 
persons within the 5th 
to 95th percentile. 

D T  

21.1  Vehicle must be fitted 
with a driver seat 
capable of swivel, and 
also adjustment in a 
minimum of 2 axis. 

D T  

22.0 H & S Vehicle will comply 
with the Safety, Health 
and Welfare At Work 
Act 2005, the Safety 
Health and Welfare At 
Work Regulations 2007 
(Or US/EU 
Federal/State as 

E C  
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25.1  External mirrors must 
be fitted with electrical 
de-icing. 

D T  

25.2  Driver warning and 
gauge lights must be 
capable of being 
dimmed. 

D T  

25.3  Internal white lights 
must be capable of 
being dimmed by the 
driver. 

D T  

25.4  Vehicle must be fitted 
with flashing amber 
hazard roof lights 
capable of being turned 
on/off by a switch 
inside the cab. 

D T  

continued

23.0 Protection Vehicle cab should be 
fitted with an internal 
liner to minimise 
likelihood of 
penetration and driver 
injury from cutter 
debris. 

E T & C  

24.0 Recovery Vehicle should be fitted 
with a trickle charge 
socket and transformer, 
with 110V AC input, 
and a 15m charge cable. 

E T  

24.1  Vehicle will be capable 
of carrying – shovel, 5ft 
2 person crescent 
ground felling saw, 1 
person crescent ground 
bucking saw, raker 
gauges, crow-bar. 

D T  

24.2  Vehicle should be fitted 
with 5m jump cables. 

D T  

24.3  Vehicle should be fitted 
with a breakdown kit 
including 2 sets of 
roadside hazard lights. 

D T  

24.4  Vehicle must be fitted 
with an externally 
mounted spare wheel. 

D T  

24.5  Vehicle transmission 
must facilitate towing. 

D T  

25.0 Electrical All vehicle Electrical 
components and 
connectors situated 
below – fording depth + 
50% – must be IP57 
standard. 

D C  
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continued

EQUIPMENT / VEHICLE PROJECT COMPLIANCE MATRIX 
Serial Description Requirement Requirement 

Essential (E) 
Desirable (D) 

Qualification 
Trials (T) 
Manufacturer 
Certification (C) 

Comment 

1.0 Speed Vehicle must be E T  
inside the cab. 

25.5  Vehicle must be fitted 
with non-flashing lights 
along the cutter arm. 

D C  

25.6  Vehicle/Equipment 
should have a switch 
on/off fast-idle 
capability for battery 
charging. 

D T  

25.7  Final electrical power 
budget must allow for 
up to 25% future 
growth. 

D T  

25.8  All vehicle diagnostic 
plug connections must 
be easily accessible on 
a single mount. 

D T  

25.9  All dashboard warnings 
must be amber or red. 

E T  

25.a  Vehicle must be fitted 
with variable speed 
wipers front and rear, 
and a windscreen 
washer system. 

E T  

25.b  Minor electrical faults 
must not disable the 
vehicle. 

E T  

25.c  Vehicle batteries will 
have sufficient 
ventilation to prevent 
over-heating. 

E T  

25.d  Vehicle batteries should 
be sealed and 
maintenance free. 

E T  

25.e  Vehicle batteries must 
be in a location that is 
readily accessible. 

D T  

25.f  Vehicle must be fitted 
with pop-type fuses. 

D T  



          Vehicles will often have been tested inde-
pendently during the original design process in or-
der for them to be legally marketable by the manu-
facturer. Examples include braking standards and
steering standards.

In some cases, both trials and manufacturer
certification will be required to confirm that a vehi-
cle meets the specified requirement. An example of
this is Serial 19.0, in Figure 4-7, where a visual
check during trials will confirm there is an extin-
guisher present and the manufacturer’s certifica-
tion will confirm the nature of the extinguishing
agent. In many cases, the vehicle manufacturer will
be waiting on the OEM of various components to
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25.g  Vehicle must be fitted 
with the following 
gauges/lights: 
! Speedometer 
! Tachometer 
! Output Drive 

Tachometer 
! Odometer 
! Fuel gauge 
! Battery condition 

indicator 
! Engine coolant 

temperature gauge 
! Low coolant level 

warning light 
! Low engine oil 

pressure warning 
light 

! Low battery voltage 
warning light 

! Etc. 

D T  

 
 

continued



provide the required certifications. Therefore, when
originally going to market to seek vehicles, patience
must be exercised and sufficient time allowed for the
vehicle manufacturer to review your issued compli-
ance matrix and gather the required certifications
prior to proceeding with the purchasing project.

Figure 4-7 shows a sample compliance matrix.
This matrix is by no means exhaustive —the areas
for compliance are in many ways specific to each in-
dividual project. This matrix, however, is largely
project neutral; it contains specifications that can
be used as a foundation on many projects.

A full compliance matrix for a new vehicle pur-
chase program may often be much longer than the
sample in Figure 4-7. It can run tens of pages or
more, depending upon how exact you — the pur-
chaser — wish to be in your vehicle specification.
The compliance matrix must be as comprehensive
as possible, because it should also be used to create
the practical check sheets for eliminating vehicles
prior to and during the trials process.

When specifications call for legally binding
test standards, the formal certification of the man-
ufacturer or an independent company is required. If
time, budget, and facilities allow, it is desirable to
test these standards independently during trials,
but often not required unless questions arise from
the trials regarding the functionality of specific ve-
hicle systems.

Sometimes significant questions can arise
from the trials process surrounding particular as-
pects of a vehicle. In these cases, it can be agreed
with a manufacturer that should their vehicle be se-
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lected for purchase, required certification will be
provided by an independent third party. Dependent
upon vehicle type and the requirements of your in-
dividual organization, various items can be added
to or removed from the example compliance matrix
in Figure 4-7.

Stage 7:  Initial Review of Potential Vehicles  

The previous stages focused primarily upon
the preparatory work required for a fleet purchas-
ing project. — Creating an RFI allows your organi-
zation to be certain that the type of technology you
intend to purchase is actually available in the mar-
ket place. Defining your prototype definition and
upper limits gives your project team clear bound-
aries for the project. Defining your compliance ma-
trix lets your organization set out clearly the speci-
fications and technical requirements for your po-
tential new vehicles.

At this point you will have sought submissions
from potential suppliers and received back docu-
mentation and technical details of the vehicles they
can offer. Alternatively, your project team will have
sought out such information and compiled a list of
potential vehicles for further investigation and
evaluation.

Stage 7 in the evaluation of supplier submis-
sions generally consists of a paper-based review
and initial elimination of candidates. This can be a
valuable and cost-effective means to reduce the
number of potential vehicles prior to the more ex-
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pensive and time consuming vehicle trials. Ideally
you do not want to be conducting practical trials
and evaluations on more than three or four vehicles
because it will take too long and cost too much. This
is especially the case on projects with a larger fi-
nancial value.

The fundamental purpose of this stage is
twofold. First, it can weed out any completely un-
suitable supplier submissions from the competi-
tion, as determined by the overall requirements.
Second, it can also reduce, to a manageable quan-
tity, the number of vehicles which proceed to the
next stage of evaluation.

The first step in the initial evaluation process
is to decide upon the maximum number of vehicles
that can be selected to proceed to the trials stage of
the purchasing process. This decision is largely de-
pendent upon your company’s capacity to conduct
trials, the timeline available for the completion of
those trials, and the resources available for practi-
cal trials. For example, if you have sufficient per-
sonnel and resources to test only two vehicles at the
same time, and you have only a small window of a
few days or weeks for trials, then running the vehi-
cle trials process for more than two vehicles will not
achieve accurate or detailed evaluation results. If
the number of vehicles going forward to your prac-
tical trials is being limited prior to the initial review
of submissions from suppliers, this should be noted
to the manufacturers, and a marking scheme
should be established for elimination. The marking
scheme does not have to be communicated to the
suppliers. However, depending upon your country’s
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laws, it may have to be available in response to
later Freedom of Information requests.

The actual decision regarding which vehicle
submissions are appropriate to continue to trials is
based upon a cross checking of the manufacturers’
submissions against the compliance matrix. Vehi-
cles can easily be eliminated based upon failure to
meet any of the essential requirements. 

There is a possibility that all vehicles fail to
meet at least one essential requirement. In this
case, there may not be a vehicle available in the
marketplace to fulfil your specifications. If this
failure is due to having contradictory essential re-
quirements in your compliance matrix, or a re-
quirement set higher than what is available, then
it is an error in the matrix. Otherwise, you may
simply be unable to purchase the required vehicle
at this time — the project may need to be stalled or
halted until the market matures. However, this
problem should have been established previously
with the use of an RFI.

At this stage in the purchasing process, you
may also wish to receive oral presentations from
each manufacturer regarding their available vehicle
and technology. The manufacturer’s willingness to
make these presentations may depend upon the
scale of your potential fleet purchase. At this point,
potential vehicles will be dismissed or accepted for
further evaluation, according to their ability to meet
the essential requirements in the compliance ma-
trix. However, if this step still results in too many
vehicles remaining, you can further reduce the list
of vehicles going forward to practical trials through
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an assessment of how highly they are rated against
desirable characteristics in the compliance matrix.

At this juncture, presentations from the man-
ufacturers to your project team allow an opportu-
nity to ask questions, receive clarifications, and
gain an impression of the nature of the companies.
If vehicles are eliminated solely using essential re-
quirements, then no marking scheme is required
yet. This is because vehicles are simply deemed to
be in accordance with the tender requirements,
based upon the compliance matrix or they are non-
compliant and eliminated. If, however, too many ve-
hicles are compliant and can potentially proceed to
the next stage — which is vehicle trials — then
marking or scoring desirable characteristics can be
used to eliminate some more contenders.

For any purchase of unique equipment, there
is a significant risk from the purchaser’s perspec-
tive. This risk is that a manufacturer may use your
project to effectively try to field test or prove one or
more new vehicle concepts. This attempt by manu-
facturers can present an acute risk when the pur-
chasing project involves a small number of vehicles
or the quantity of vehicles for modification is
smaller. The risk is more often experienced in mili-
tary or specialized environments, when equipment
is less Commercial Off The Shelf (COTS). We must
constantly be aware of this risk from the outset of
any project and factor it into our decision-making
process regarding any manufacturer proposals for
us to purchase new technology or systems.

The benefit-cost of using your project to test
something new may swing in your — the pur-
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chaser’s — favor to negate this risk. This depends
upon the potential profits to be made by the vehicle
supplier or manufacturer from your business with
them versus the potential profits to be made from
other sales of the new equipment or concept, if it is
successful. If you are a large or long-time customer
of the manufacturer, it is not in their interest to risk
alienating your business to prove a new concept.
This fact alone can give you more confidence when
considering such options. It is often better for a
manufacturer to risk field testing new technology
on vehicles being produced for a smaller one-time
customer, where there is less present and future
business to lose.

Once this initial review has been completed,
and the number of vehicles to proceed to practical
trials and evaluation has been established, the
manufacturers or suppliers can be notified of your
decision, and we can proceed to practical vehicle
testing.

Stage 8:  Trials of Potential Vehicles

Trials make up the largest and most impor-
tant aspect of the entire vehicle procurement
process. Dependant upon the size and financial
value of an overall purchase, the scale of your trials
can vary greatly. Your trials may involve simply
testing vehicles at a location specified by each man-
ufacturer over a number of days; on the opposite
end of the scale, your trials may involve the out-
right purchase of vehicles and detailed evaluation
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over a number of years at various locations. This
testing can take place in various climates world-
wide and ultimately culminate in testing to de-
struction.

The more time you make available for evaluat-
ing potential vehicles, the more successful the trials
process will be. More time for testing allows more
detailed and in-depth evaluations to be completed,
whereas time pressure during testing can limit the
quality and scale of the assessments.

It is desirable to test all vehicles in the same
locations, as specified by you the purchaser. Al-
though this may result in your organization incur-
ring costs associated with transporting each manu-
facturer’s vehicles from factories to the required lo-
cations, it allows a more balanced evaluation of the
various vehicles. If your project value and potential
subsequent fleet purchase value is high enough,
however, manufacturers will often provide vehicles
to your location at their own expense. 

Testing at the manufacturer’s individual loca-
tions could leave you unable to test the details of all
contenders to the same extent — for example, there
may be differences in what testing equipment is
available at each manufacturers facilities. Differ-
ences in climate and environmental conditions at
different locations can also contribute to a non-
standardized testing environment, which is not de-
sirable for our trials. As purchasers we prefer to
have the manufacturer’s vehicles come to us for as
much of the practical testing as our own facilities
and resources will allow.
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A separate factor is that our facilities and re-
sources may not be sufficient for the testing we
would ideally like to undertake. We may, therefore,
have to receive competing vehicles at our own loca-
tion, and then transport them to other test sites
during the course of the trials. These other test
sites can vary in type and size depending upon the
scale of our trials and the nature of the individual
tests being carried out. For example, the vehicles
may be driven a few miles/km to a local weighing
area that we have paid to use for a few hours in or-
der to confirm the net weights of the vehicles. 

Or, suppose your company needs a vehicle to
operate successfully in both arctic and desert condi-
tions. There is no substitute for actually testing
them on site in such areas. Therefore, we may be
willing to incur significant costs to transport vehi-
cles to different potential operating environments
in order to undertake comprehensive operational
evaluations. Unfortunately this option is not al-
ways available due to cost or simple practicalities. 

However, in the civilian logistics field, such
testing on potential new vehicles is almost never
undertaken — it can be reliably avoided using the
option in our compliance matrix for manufacturer
certification. In the specialist or military fields,
such testing can also be reliably avoided — in most
instances — by requiring manufacturers to certify
their vehicle in accordance with the relevant stan-
dards. The extreme limits of the requirements en-
velope are thus facilitated through certification by
the manufacturer in accordance with internation-
ally recognized standards; we avoid the time, ex-
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pense, and complexity of testing in various operat-
ing environments. 

That said, there is no substitute for the physi-
cal testing of new vehicles functionality and per-
formance in different operating environments. It al-
lows us to reliably determine the positive and neg-
ative aspects of our potential new vehicles in the ac-
tual locations they will operate. We can then incor-
porate this information into both our life cycle cost
projections and crucially — our evaluations of fu-
ture reliability and maintenance implications. As
you can imagine, an articulated tractor unit operat-
ing daily in an arctic environment will have very
different and unique operating challenges to one
that is operating in a desert environment on the
equator.

The vehicle trials should encompass a number
of different evaluation areas, as described below:

Mechanical Evaluation 

Mechanical Examination and Tests of the mechanical
properties of the potential vehicles, their likely ongoing
maintenance requirements, and any associated techni-
cal considerations.

The mechanical evaluation you need to carry
out physically on each vehicle at this stage of the
process allocates points based upon the evaluation
of two areas:  Technical Merit and Technical Per-
formance is the first; Ease of Maintenance is the
second. Preferably you will use your own in-house
maintenance staff for this process because they will
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ultimately be the persons maintaining the new ve-
hicles. If necessary, you should seek assistance from
your maintenance contractors who will be involved
in the ongoing maintenance of the fleet. Obviously
there are costs involved in this step. In fact, your fi-
nancial constraints will have played a significant
role at the outset of the purchasing process in deter-
mining the scale of these trials. The points are allo-
cated as per the table in Figure 4-8.

Suppose the total points to be allocated for this
project are 3000, as previously discussed in the sec-
tion Forming A Project Team and Points Allocation.
The mechanical trials will perhaps be allocated 33%
or 1000 points from this total. These 1000 points
should be split between the two mechanical evalua-
tion areas — [Technical Merit and Technical Per-
formance] [Ease of Maintenance] — for the practi-
cal trials, usually in a 50/50 split.
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Figure 4-8, Mechanical Evaluation Points Allocation, 

 
Points MECHANICAL EVALUATION POINTS 

ALLOCATION 
5 V-EASY TASK OR ALWAYS EXCEEDS 

REQUIREMENTS 
4 EASY TASK OR USUALLY EXCEEDS 

REQUIREMENTS 
3 SATISFACTORY 

TASK 
OR MEETS REQUIREMENTS 

2 AWKWARD TASK OR SOMETIMES FAILS TO 
MEET REQUIREMENTS 

1 VERY AWKWARD OR OFTEN FAILS TO MEET 
REQUIREMENTS 

0 UNWORKABLE OR ALWAYS FAILS TO MEET 
REQUIREMENTS 

 



The assessment of Technical Merit and Tech-
nical Performance for each potential vehicle in-
volves a physical examination of the vehicle, with-
out the manufacturers present. Usually your me-
chanical personnel will be split into teams of two in
order to carry out this evaluation. Each team will be
allocated a number of items to evaluate. To verify
conformity with the technical details contained in
the compliance matrix, each team will be given a se-
lection of the overall technical requirements, which
they have to evaluate on every vehicle. To do this,
each team will use a standardized evaluation ma-
trix, an example of which is shown in Figure 4-9.
They will allocate points to their particular areas
using the point allocations in Figure 4-8. While 
Figure 4-9 only lists 8 items for assessment it is
simply an example. Your technical merit and per-
formance evaluation sheets will often extend to
hundreds or thousands of individual items.

The reason that each team is not allocated a
specific vehicle to assess all areas is that the marks
for each specific item must be assessed in compari-
son to the other competing vehicles. By giving each
team a specific list of items which they will assess
across all vehicles, we negate the possibility of dif-
ferences in the personal perceptions of team mem-
bers affecting the final comparison of the vehicles.
For example, if one team is marking more gener-
ously than another team, it will not matter because
that team will mark all vehicles more generously;
the distribution of marks to each vehicle will still
rate them accurately against each other.

When your teams are approaching this part of
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the evaluation, the standard mark allocated to an
individual item for assessment does not begin at 0 or
5, and then gain or lose marks from this level during
the evaluation. Instead, the mark at the outset of
the evaluation for every individual item, such as
“All doors will be fitted with locking devices,” should
be 3 points to represent Meets Requirements. Any
variation to this item that is noted during the eval-
uation will thus be deemed better or worse than re-
quirements. The item will then be allocated a higher
or lower score based upon the assessment of the in-
dividual team responsible for that item.

The manufacturer should not be present for
this evaluation so that all vehicles can be examined
impartially without interference. However, they
should be easily contactable for any queries or clar-
ifications, as required. Any technical clarifications
received verbally from a manufacturer should be
followed up in writing as soon as possible, prefer-
ably on the same day — email provides a convenient
and quick method.

Figure 4-9 shows an example of how a Techni-
cal Merit and Technical Performance evaluation
sheet is compiled and used. A full version will cover
many more of the compliance matrix topics, in addi-
tion to any other topics which you wish to evaluate.
These evaluation sheets are NOT limited to the
items contained in the compliance matrix. You may
have become aware of additional positive or nega-
tive technical features during the initial vehicle
evaluations — areas for which you now want to
award or deduct points. Be sure that all competing
vehicles are assessed for each individual item so
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Figure 4-9, Technical Merit and Performance 
Evaluation Table

 
Technical Merit and Performance Evaluation 

Serial Aspect Marks Remarks 
1. Vehicle will be fueled and 

weighed. 
Not Marked  

2. Vehicle will complete national 
DOE/NCT test. 

Not Marked  

Engine/Powerpack 
3. Have a diesel engine generating 

a minimum power:weight ratio 
of 23:1 hp/t (DIN). 2 Power to 

Weight 
ratio 21:1 

4. Exhaust Gases should be 
directed so as not to raise dust. 3 Meets 

Requirements 
5. Escaping smoke should be 

Low/Gray by visual assessment. 3 Meets 
Requirements 

6. Vehicle is fitted with a high-idle 
facility. 0 Not fitted 

7. Vehicle engine safe mode can be 
disabled manually. 0 Cannot be 

overridden 
8. Alternator is located for 

sufficient cooling 4 Àlternator 
is liquid 
cooled 



that the evaluation is fair and accurate. 
The columns for Marks and Remarks are com-

pleted during the evaluation of the vehicles. They
have been filled in here for example only.

To summarize: in this example we have allo-
cated 3000 points in total to the project. Of this,
1000 points have been allocated to the Mechanical
Trials. In turn, of this 1000 points, 50% (or 500 of
the original 3000 points) goes towards Technical
Merit and Performance. 

Within the context of Figure 4-9, the most
marks a vehicle can achieve for technical merit and
performance — the maximum marks attainable —
is 30, which would be achieved if every item was
awarded 5 marks. A score of 30 marks represents
100% of the project points in this area, or 500
points. However, the vehicle evaluated in Figure 4-
9 was awarded only 12 marks, or 40% of the 30
marks available. Therefore, this vehicle would be
awarded 40% of the available 500 project points, or
200 points. (In short 12 of 30 evaluation marks is
equivalent to 200 of 500 project points.)

Remember that this is a working sheet. Both
the marks and the remarks to justify them can be
entered as the evaluation proceeds. Then, if neces-
sary, they can be reviewed and amended upwards or
downwards during later group discussions. Most of
the items in this evaluation will be assessed visu-
ally or by checking specifications for the vehicle.
Some items may require more comprehensive de-
tailed testing.

The second area of evaluation, Ease of Mainte-
nance, involves physically carrying out maintenance
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tasks on each vehicle and marking the results. This
evaluation is carried out with the manufacturer’s
representative present because your personnel are
unlikely to be familiar with the process for carrying
out every maintenance task on every unfamiliar ve-
hicle in the most efficient way possible.

Each maintenance task should be recorded for
how easy it is to complete, using the 0 – 5 point
marking scheme from Figure 4-8. Each task should
also be recorded for time and estimated time taken.
The time is the actual time it took to complete the
individual task during your evaluation. The esti-
mated time is the approximate time the task is
deemed likely to take once maintenance personnel
are fully familiar with it. As many and varied tasks
should be carried out as possible within the con-
straints of the overall time available for the Ease of
Maintenance trials.

Tasks such as removal and re-fit of engine,
transmission, starter motor, alternator, steering box,
wheel hub, primary ECU, and drive shaft are all im-
portant and should be physically completed during
the trials. A major service should also be completed
to allow evaluation of the time and costs required. As
before, individual team members should be allotted
specific tasks for them to carry out on all of the trial
vehicles, thus allowing the estimated time and com-
parisons to be more accurate. For example, if there
are three vehicles for evaluation, the same mechanic
should remove and refit the starter motor on all
three, allowing an accurate comparison of the task
across vehicles. Another mechanic can remove and
refit the alternator on all vehicles, and so on.
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Ease of Maintenance and Technical Support 

Serial Aspect Marks Remarks 
Removal and Replacement of Components 

1. Conduct a vehicle service which 
involves an oil change. 4 Very easy 

access to all 
consumable 
parts. 

2. Remove and Re-Fit/Replace 
Engine 3 Meets 

Requirements 
3. Remove and Re-Fit/Replace 

Alternator 3 Meets 
Requirements 

4. Remove and Re-Fit/Replace 
Starter Motor 3 Meets 

Requirements 
 Etc…   

Technical Support 
5. Manuals are legible in the 

English Language 3 Meets 
Requirements 

Figure 4-10, Ease of Maintenance and 
Technical Support Table



Although these tasks may seem routine and unnecessary
to test, there are often a huge variety of differences in the
execution of even the most seemingly routine tasks across
vehicles from different manufacturers. On one vehicle I
experienced very early in my career, the replacement of a
starter motor required the removal of the front grill and ra-
diator in order to gain access, thus significantly extending
the time taken for the task in comparison to other similar
vehicles. Examples such as this are commonplace.

Figure 4-10 shows an example of a completed
Ease of Maintenance evaluation sheet.

Different people evaluating the same task on different
vehicles will not give an accurate comparison of the ve-
hicles.

Figure 4-10 provides a short example. The list
of items to be included in your full Ease of Mainte-
nance and Technical Support evaluation, depends
entirely upon your time constraints and capacity
during the trials to physically carry out as many
maintenance tasks as possible. The items evaluated
under the Technical Support heading will reflect
your specific maintenance support requirements.
The overall technical support evaluation will in-
clude an evaluation of COTS parts usage, lead
times and costs, as explained later in this chapter.

Mobility Examination  

Mobility — Examinations and tests of the driving and
mobility characteristics of potential vehicles.
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Mobility trials evaluate the capabilities of
each vehicle to carry out the functional and opera-
tional tasks required after purchase to the highest
possible standards. Depending upon the nature of
the vehicles or equipment you are potentially pur-
chasing, and also upon the previous experience of
your personnel with such vehicles, your staff may
require training prior to the beginning of the
mobility trials. In most countries, your personnel
cannot take a trial vehicle out onto a public road if
they do not have a driving license; similarly, they
may be also unable to accurately operate and eval-
uate the trial vehicles or equipment without first
becoming familiar with their unique features. As
needed, you may have to make arrangements with
the competing manufacturers to undergo this
training a few days or weeks prior to the mobility
trials. The exact nature and extent of such
training should be determined by the manufactur-
ers — they are the ones most familiar with the op-
eration of their vehicles.

Mobility testing should begin by evaluating
the basic driving characteristics of each vehicle,
such as vehicle handling over different types of ter-
rain, fuel usage and range over different types of
terrain, and maneuverability. Mobility trials can
also incorporate a general series of tests such as
slalom runs, high speed driving, off-road driving,
and other exercises appropriate to the desired end
use of the vehicles.

For example, if you intend to purchase a log-
ging vehicle that must operate reliably in swamps
and over soft ground, there is little benefit in test-
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ing it only on hard-surfaced roads. The vehicles
must be tested in the types of environment where
they will ultimately operate after being purchased,
or as close to this environment as realistically pos-
sible within your budget and capabilities. If it is not
possible to simulate or reliably test the vehicles in
their final operating environment, you must seek
details from the manufacturer about other cus-
tomers who operate the vehicle in the relevant en-
vironment. In addition, details of the type of testing
the manufacturers have completed during the vehi-
cle development can provide further peace of mind
that if you choose to purchase a particular vehicle,
it will prove effective in its future role.

The mobility evaluation involves driving and
using the vehicles during the trials over the avail-
able time period, both on and off road. This usage of
the vehicles and the associated assessment can
take place either prior to or after the mechanical
trials. However, it is not viable for both trials to
take place at the same time because the vehicles
will be required full-time for the mechanical assess-
ments. In the case of a military vehicle, which
throughout its lifetime will be required to operate
overseas in various climates and both rural or ur-
ban environments, there is no substitute for carry-
ing out mobility evaluations in-situ at a variety of
locations. As always, this testing is dependent upon
both financing and the total time available for tri-
als. However, it has clear long-term financial bene-
fits, significantly reducing the possibility of unfore-
seen operational issues after purchase. 
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It is important to ensure that your mobility
trials are tightly defined at the outset — both their
objectives and the total time permitted for them to
reach their conclusion. Such planning can prevent
them from extending over an inordinate period of
time. There is a general difference in the purpose of
the mechanical trials vs. the mobility trials. The
mechanical trials assess in detail the individual
technical features of each vehicle and evaluate indi-
vidual tasks. The mobility tests during the mobility
trials are less to evaluate the specific test, and more
to facilitate as much varied usage of the vehicles as
possible, enabling an overall understanding of the
strengths, weaknesses, and functionality of each
competing vehicle. Your personnel who are evaluat-
ing the vehicles can give an informed comparison of
the trial vehicles. The trials should include high
and low speed driving throughout the gear range
and the full extent of each vehicle’s capabilities.

Evaluation should also be carried out on the
practicalities of using the vehicles in their intended
final role. In the case of a military vehicle, you will
want to evaluate such matters as whether or not
the vehicles have sufficient physical space to carry
all required mission specific equipment. In the case
of civilian vehicles used for long distance haulage,
evaluate whether they have simple necessities such
as sleeper cabs, if required. The list of areas for
evaluation can be as long or as short as you wish; it
is limited only by the nature of your particular ve-
hicle requirements.
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Support Examination  

Support — Examination of the spare parts, technical
support, and after sales support available for potential
vehicles.
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Figure 4-11, Evaluation 
Table for Manufacturer COTS Availability

Manufacturer COTS Spares Availability 
Number of Non-COTS or Manufacturer Licensed 
Vehicle Parts (NC) 

142 

Number of COTS Vehicle Parts (C) 486 
Total Number of Parts Listed (T) 628 
% of Total Parts Potentially Available COTS 
(100/T)*C 

77% 

The support aspect of the vehicle trials en-
sures that any vehicle purchased fits in with your
envisioned support requirements and capabilities.

Purchasing a vehicle that makes maximum
use of COTS — Commercial Off The Shelf — parts
can provide significant advantages in relation to re-
ducing long-term costs and minimizing the spare
parts LTTA — Lead Time To Availability. Military
readers should note that COTS parts can give sig-
nificant advantages in vehicle operations, but
MOTS — Military Off The Shelf — parts do not give
comparable benefits — the costs for military parts
will always remain higher. However, MOTS parts
are preferable to unique vehicle-specific or manu-
facturer-specific parts. 



To evaluate spare parts, there are three key
areas to assess during the purchasing trials:  COTS
usage, LTTA, and Cost. 

Start by requiring each manufacturer to sub-
mit a comprehensive list of vehicle spare parts. This
list should state the following for each individual
spare part:

There is often quite a bit of work involved for
potential vehicle suppliers in compiling this list. As
such, they need to be informed of this requirement
as early as possible, preferably prior to the initial
vehicle evaluation, so they cannot say there was in-
sufficient time to prepare the data. Realize that un-
less the potential sales from your upcoming vehicle
purchase are going to be significant, some manufac-
turers or suppliers may be unwilling to commit the
necessary time and resources to the creation and re-
lease of this data. In the vast majority of cases, you
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1.   Part Name

2.   Part Number

3.   OEM — Original Equipment Manufacturer — 
Company Name

4.   OEM Part Number

5.   Current Recommended Retail Price (For COTS parts)

6.   COTS, MOTS, or Vehicle Manufacturer Specific component  

7.   LTTA



can at least expect this list to be released as a con-
fidential document.

Manufacturer specific components can be
those created in-house by the vehicle manufacturer;
they may also be those parts which the OEM has
contractually licensed only that vehicle manufac-
turer to sell. In either case, the vehicle manufac-
turer is the only supplier. You will be tied into their
LTTA and parts price for potentially the lifetime of
the vehicle. This is not necessarily a deal breaker,
but is a consideration to be aware of when choosing
which vehicle to purchase.

The evaluation of COTS parts consists of de-
termining the quantity of vehicle parts which are
COTS versus the quantity which are specific to the
vehicle manufacturer. The list in Figure 4-11 is
used to establish this percentage. Once this list is
completed for every vehicle remaining in your tri-
als, the COTS percentage can be compared across
all competing vehicle suppliers/manufacturers, and
points awarded accordingly. The numeric values in
the right-hand column are entered during the trials
evaluation, using the spare parts list submitted by
the manufacturers.

Now that we have evaluated COTS availabil-
ity, we can move on to evaluating the average LTTA
of the spare parts for each vehicle.

Each manufacturer should submit their list of
spare parts with the estimated LTTA for each com-
ponent. As with any aspect of the trials, if something
is not present or a manufacturer fails to submit re-
quired information, they will normally receive a
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score of 0% for that area. It is not possible to award
points for an area which you cannot evaluate!

These spare parts lists can be reviewed to cal-
culate an average overall LTTA for each manufac-
turer’s vehicle. The percentage awarded is based
upon the maximum number of weeks which you are
willing to accept as a lead time for any component.

Suppose you determine that an LTTA of over
26 weeks (6 months) is unacceptable for any compo-
nent. Then an average LTTA of 26 weeks is equal to
0% score in your marking scheme. An LTTA of 0
weeks is always equal to 100%. In the following ex-
ample, our average LTTA is calculated as 4.74
weeks. Using our maximum acceptable value of 26
weeks, awards a score of 82% to this vehicle:

[ (26 weeks – 4.74 weeks ) (100/26 weeks) ] = 81.77%

Although this is a very simple method of com-
paring manufacturer spare parts’ LTTA, it gives a
valid comparative result. To see how the figures are
established, see Figure 4-12.

The LTTA evaluation can be expanded signifi-
cantly and made much more useful and detailed, by
sub-dividing like-for-like components into group-
ings or sub-assemblies and evaluating these indi-
vidually. For example, we would expect a much
shorter LTTA on routine service components than
on major assemblies. As such, we can mark differ-
ent groupings of components using a different LTTA
value for 0% as we wish. It is important to ensure
that the same components are being marked on all
vehicles in the same way. 
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Alternatively, establish your own secondary
spare parts list for each manufacturer, based upon
their original lists. You can then use these second-
ary lists to evaluate only those components that are
common to all vehicles and eliminate others that
are unique to individual vehicles. If you so wish,
you can also separate the small number of compo-
nents with very large LTTA or very small LTTA,
which can skew the average. If taking this ap-
proach, however, it is very important to make sure
that your results are not becoming inaccurate or not
a true reflection of the LTTA situation. By eliminat-
ing unique components from your evaluation that
may have a major effect upon later maintenance
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Figure 4-12, Manufacturer LTTA

 
 

Manufacturer LTTA 
Number of Spare Parts Submitted with LTTA (N) 628 
Total LTTA (Weeks) for All Parts (TL) 2978 
Average LTTA (Weeks) (Avg) (TL/N) 4.74 

Weeks 
Awarded % 81.77% 
 



times, you can create a false result that will be
detrimental to the project and the company in the
long term.

The average cost of parts for each manufac-
turer also requires evaluation. This evaluation can
be carried out in a general way by selecting all com-
mon components across all manufacturers. Such
components would include those present on all ve-
hicles, such as service brake pads, transmission, al-
ternator, and starter motor, for which you have re-
ceived prices from each contender. The manufac-
turer with the least expensive average component
price is allocated the highest marks because it will
cost less to purchase these parts. 

You can also conduct this evaluation in a much
more detailed manner by grouping similar compo-
nents across manufacturers (e.g., Driveline, Body-
work, Internal Trim) and marking each group’s av-
erage price individually as described above. This
approach will give a more thorough analysis of
Cost. Note that Cost of Spare Parts should not be
given too much weight in your analysis. Prices can
fluctuate over time; if the chosen vehicle has high
COTS parts usage, your organization will likely
buy the majority of spares from suppliers other
than the vehicle manufacturer once the vehicle
warranty expires.

When scoring vehicles and allotting points
based upon the average price of their spare parts,
another important consideration is that the MTTF
(Mean Time To Failure) and MTBF (Mean Time Be-
tween Failure) of these parts can have a dramatic
effect on their value for money. The cheapest spares
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do not necessarily represent the best value for
money. This point is discussed in the second half of
this book. For now, be aware that you should also
consider failure rates in your spare parts cost
analysis. This analysis may not be possible; how-
ever, if you do not have sufficient recorded analyti-
cal data to do so.

Another consideration is the Technical Sup-
port evaluation for each competing vehicle. This
evaluation is not scored in the traditional sense. It
essentially involves questioning each manufacturer
regarding their current customer support struc-
tures worldwide. Most manufacturers will offer a
variety of service and maintenance contracts to po-
tential customers; the benefit-cost of these requires
careful evaluation. For the purpose of your vehicle
selection — unless such a maintenance contract is
part of your tender or purchasing requirements —
the primary concern is simply whether or not these
facilities are available and how extensive is the
manufacturer’s after-sales support structure. For
example, do they provide direct overseas service
support to your vehicles? It may be possible to ask
other fleet operators using each competing vehicle
type about their experiences with the vehicle sup-
pliers or manufacturers.

You should also evaluate the quality of the
manufacturer’s technical documentation if you in-
tend to maintain your own vehicles in-house. Any
minor customer-specific requirements you have,
such as all manuals being printed on waterproof
and tear proof paper to ensure longevity when in
use, should also be communicated to each manufac-
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turer at this time in order to ascertain their willing-
ness and capacity to fulfill the requirement.

Stage 9:  Vehicle Selection  

If you have completed the stages up to this
point in a comprehensive and detailed manner,
then actual vehicle selection should be the most
straightforward aspect of the process. Conse-
quently, this is perhaps a surprisingly short section
of this book.

Prospective purchases should have been whit-
tled down since the Initial Review of Potential Vehi-
cles. By now, a final successful candidate should be
clearly established from the vehicle trials and scor-
ing matrices. Should the trials have resulted in
more than one viable candidate vehicle, cost can be
used to determine the final successful choice. How-
ever, the danger in vehicle selection arises when
outside influences override the results of the vehi-
cle trials. The most likely overriding factor is cost.
The dangers to a project of cost being given an over-
arching influence have already been discussed, per-
haps ad nauseum! This emphasis is only because
the point is so important and worthy of reiterating. 

However, other factors that can affect the final
decision are alternative strengths and weaknesses
of the competing vehicles in mission or role-specific
areas. The final purchase decision should always be
fundamentally based upon the vehicle that is most
mechanically sound. All other issues should be re-
viewed secondary to that.
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When the final decision is being made 
regarding which vehicle to purchase, I would
go so far as to consider the allocation of a veto
to the project team representative responsible
for the Mechanical Performance evaluation. If
a vehicle that you ultimately purchase had
more issues mechanically during the selection
process than other vehicles, your organization
may be looking at addressing and attempting
to rectify technical problems post delivery
over a number of months or years. You are po-
tentially looking at significant future life-cycle
costs and failure-related introductory ex-
penses. The promises of a manufacturer to 
resolve technical issues discovered during
your trials must be carefully considered with
respect to the timeline to reach the required
resolutions. Although you should not fear 
purchasing a vehicle that requires some 
modifications, it is an expensive lesson for
you to learn if you do not fully consider all 
implications.



Having selected for purchase the vehicle that
scores best overall from all the evaluations and that
is suitably mechanically sound, any other consider-
ations can be prioritized according to the role pro-
file envisioned for the vehicle and the organization’s
specific priorities for this vehicle after purchase. If
the mechanical soundness of the design is given pri-
ority in the final vehicle selection, it gives a solid
fundamental base from which to address other con-
siderations. Any other issues can now be reviewed
and addressed as the project progresses into the De-
sign Phase that follows the vehicle selection.

Depending upon the uniqueness or specialist
nature of your vehicle, and also upon the overall
size of your fleet purchase, the design phase may be
very short and basic, or even virtually non-existent.
However, if yours is a large expensive fleet pur-
chase and the vehicle type is very specialized, sup-
pliers and manufacturers will be much more willing
to make additions or modifications to the vehicle in
order to meet your specific requirements. In this
case, the design phase can be very comprehensive
and extend over a number of months or even years.

These decisions regarding which vehicle to
purchase — when individual vehicles will undoubt-
edly have conflicting strengths and weaknesses ap-
pearing from the trials — are often not easy. Care-
ful thought has to be given to the organization’s
higher level priorities with respect to how this new
vehicle will fit into the overriding organizational
structure and strategic planning.
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In Stage 2: Forming A Project Team and Points
Allocation, we discussed the general allocation of
points during your project. Now let’s look at some
additional, more detailed considerations specific to
choosing a final vehicle. The method used to allo-
cate points must be standardized across all of your
scoring areas. Suppose one area — for example,
Technical Merit and Performance — allocates 100%
of the available points to a single vehicle and the
other vehicles are allocated 0% of the points. That
type of allocation may give one area a dispropor-
tionately weighted effect on the final decision of
which vehicle to purchase. This is especially the
case if all other areas allocate a percentage between
0 and 100 to each potential vehicle. Such an incon-
sistency risks accidentally skewing the expensive
selection process; it also potentially wastes the
money the company has spent on the vehicle trials
process. In short, the available points in each area
should if possible be allocated to each vehicle based
upon a scoring matrix used for all the vehicles. The
single exception to this rule is if you decide to allo-
cate fixed scores of 100% and 0% for every respec-
tive area of evaluation, such as mobility, mechani-
cal, cost, etc. By allocating the points in the same
manner for all areas, you will ensure that one area
does not have a disproportionately weighted effect
on the outcome. However, this approach can still po-
tentially skew the final results, as shown in the fol-
lowing example. As such, I recommend that you do
not use this approach unless for essential reasons.
(It is discussed here only for completeness and as a
warning against its use). 
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Figure 4-13 provides a summarized example of
a completed vehicle purchase final scoring matrix.
In order to detail how the scores were achieved 
during the vehicle evaluations, a full final scoring
matrix will also list the subheadings evaluated for
each area. For example, the Mechanical Perform-
ance heading may include subheadings such as 
Engine/Powerplant, Wheels and Drive-train, Elec-
trical, and Lighting, as well as the total points
awarded in each area. Which subheadings and how
many will be included are dependent upon the spe-
cific items you chose to examine, test, and score
during your trials. For clarity, I have eliminated all
sub-headings in this example. If we use the maxi-
mum scores below from Stage 2 Table 2-2 as an 
example, the points shown in Figure 4-13 may be
the final scores for three competing vehicles,
awarded exactly as per the trials results.

Vehicle Purchase Cost/Price 1500 pts =      15%

Mechanical Performance 4000 pts =      40%

Mobility Performance 2500 pts =       25%

Spare Parts and After Sales Support   1200 pts =       12%

Other Areas 800 pts =         8%

10000 pts =    100%
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The example in Figure 4-13 is the way the 
Final Scoring Matrix should be compiled, where
each vehicle is allotted the exact points and per-
centages gained during the trials. However, I will
now explain the potential allotment of points from
this matrix into a single 100% scoring matrix (Fig-
ure 4-14). This method can be used to generate a
less-detailed final output and keep some of the finer
details of the trials results in-house, if required.

As you can see in Figure 4-13, Vehicle A re-
ceived the highest score, 1400, for Vehicle Purchase
Cost/Price. Vehicles B and C were awarded 900 and
400 points respectively. If we were to use the single
100% scoring method, as shown in Figure 4-14, Ve-
hicle A would automatically be awarded the maxi-
mum score of 1500 points in this area because it
came first for Vehicle Purchase Cost/Price. The
other vehicles would be awarded 0 points.

For Mechanical Performance, Vehicle C came
in first and is awarded 2300 points in Figure 4-13.
Using the single 100% scoring method, the score is
changed to a maximum score of 4000 points, with
the other vehicles being awarded 0 points, as shown
in Figure 4-14. 

In the area of Mobility Performance, Vehicle B
gained the most points under practical evaluation,
with a score of 2350 points in Figure 4-13. There-
fore, it is awarded the maximum score of 2500
points using the single 100% scoring method. This
method is continued for all evaluated areas, as
shown in Figure 4-14.

Again, if the single 100% scoring method has
to be used, it must be applied to all evaluated ar-
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eas to prevent one area from potentially skewing
the overall result. With this method, you will not
display matrix subheadings — showing the break-
down of points is unnecessary as you only want to
show final scores. 

As you can clearly see from Figures 4-13 and 4-
14, using the single 100% scoring method has the
potential to affect the final scoring and vehicle
placement if not used carefully. The different re-
sults occur despite the original points from the eval-
uation being the exact same when used to generate
both final matrices. 

In Figure 4-13, Vehicle A is the leading final
contender and consequently the vehicle you would
purchase with standard scoring. Based on the
points accumulated from the trials and evaluation,
Vehicle A finishes first and is the best vehicle over-
all. Furthermore, the overall scores for Vehicles B
and C from the trials, as shown in Figure 4-13 are
also quite low — so low you may have doubts re-
garding their overall suitability for purchase, re-
gardless of Vehicle A’s score. 

However, if using the single 100% scoring
method it can potentially skew the final purchase
results and decision towards a particular vehicle
and you must be aware of this risk when scores are
being allotted at the conclusion of the trials. 

In Figure 4-13, Vehicles A and C are scored very
closely for Mechanical Performance. Only 20 points
separate the two. Still, Vehicle A has considerably
stronger scores overall. However, when single 100%
scoring is used, as shown in Figure 4-14, the large
number of points available for this single area (Me-
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chanical Performance) risks the entire final score be-
ing skewed towards purchasing Vehicle C. The dan-
ger of allocating too many points to any single area,
such as in most business projects Vehicle Purchase
Cost/Price, can change and negate your entire trials
results. This wastes all of the time and money you
have spent on conducting detailed trials and vehicle
evaluations. You must be vigilant for such risks.

Stage 10:  Design Phase and Defining Vehicle 
Baseline Additions 

Once the final decision has been made regard-
ing which vehicle is to be purchased by the company,
a project enters what is known as the Design Phase.
This can be a misleading title for a project where an
off-the-shelf vehicle/equipment solution is being
purchased with no changes. However, it is so called
because this is the point in the purchasing process
at which additions or modifications to the vehicle
baseline design must be defined, if so required.

The extent of changes to a vehicle baseline
during any of the stages of a vehicle’s purchase, or
indeed throughout its lifetime, are dependent upon
a number of things:  the original specifications of
the vehicles you purchase, the level of preparation
you carry out to clearly specify what you require
from the purchasing process, the extent of modifica-
tions to the proposed vehicle, and how well proven
the unmodified vehicle design is in service — both
internally within your organization or externally
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elsewhere in the world.
Production companies for specialized vehicles

do not have tens of thousands of pre-made vehicles,
perfectly meeting specifications, sitting in factory
parking lots like standard family cars, waiting for
individual customers to simply choose the model
which they like the most. This is largely because of
the vagaries of individual customer’s requirements
in the specialist fields and environments for spe-
cialized fleets. However, if you are buying a fleet of
relatively standard vehicles, such as light vans or
articulated tractor units and trailers, the design
phase will be very minor and a lot of the following
will not apply.

Essentially, when you walk into your local car
dealership, you are largely restricted to the off-the-
shelf options offered by the manufacturer. The pur-
pose of each vehicle is tightly defined by societal
norms, i.e., most private cars are used for driving
primarily on paved surfaces, to and from work and
leisure activities at a reasonable speed. Under nor-
mal circumstances, your civilian car supplier does
not allow you to change the specifications of every
item to meet your own individual requirements. For
example, you may be allowed a choice of radio
types, but you cannot easily specify any radio from
the thousands which exist on the open market and
have the manufacturer engineer the vehicle’s radio
mountings around it. You certainly cannot change
the fundamental engineering elements of your vehi-
cle and have them rework their manufacturing line
to suit. Of course, you can purchase vehicles and
have such work completed by your own mainte-
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nance staff or by a third party company if required,
but that is a different matter.

For a large enough purchase quantity, special-
ist, or military vehicle, producers often allow you to
specify your options first, for which they will then
submit a proposal and often modify or reengineer
their vehicle if required. This not insignificant fun-
damental difference from small private vehicle pur-
chases contributes to the high cost of specialist ve-
hicles (as do other qualification requirements to
meet military and industry-specific standards such
as SAE, STANAG, MIL-STD, MODUK DEF STAN,
and national standards). Fleet requirements for
specialist vehicles are much more specific to each
individual customer. They may include on-road ver-
sus off-road usage profile, load carrying capacity,
crew carrying capacity, mounted systems types to
be fitted, dismountable crew kit and equipment
storage, dangerous goods and materials storage,
wheeled or tracked, communications suites, and
protection levels. The list of potential requirements
specific to each customer can be long and varied.

A majority of the changes required during the
design phase of a large fleet purchase will have be-
come obvious throughout the vehicle trials. They
should be sought in order to rectify areas in which
the chosen vehicle did not outperform the non-suc-
cessful vehicles, to improve areas in which this ve-
hicle did not meet desirable characteristics of the
compliance matrix, or to allow the vehicle to meet
national legal or role specific requirements.

There is significant risk involved in baseline
additions and modifications during the design
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phase, as previously discussed in chapter 3. As
such, it is essential that a full list of baseline
changes be defined immediately after the final ve-
hicle selection. Before choosing to finalize the
changes being considered, a careful discussion has
to be undertaken with the manufacturer, in order to
establish any secondary engineering alterations re-
quired to the vehicles as a consequence of each indi-
vidual change or all of them. It is essential that
strict change control is exercised at the beginning of
and throughout the design phase. The various per-
sonnel, operators, mechanics, area specific special-
ists, and others offering opinions and requests re-
garding potential modifications can cause a vehicle
to be changed beyond what is reasonable for the en-
visioned role.

The project team must give significant
thought to the list of modifications and additions for
the chosen vehicle. The list should not have to be
further modified as the design phase progresses. In
addition, any changes must not cause the safety
and effectiveness of the vehicle to be compromised
after entry into service with your company.

It is unlikely that there will be secondary ef-
fects for any vehicle project with a number of base-
line additions. However, it is almost certain that
there will be significant secondary or tertiary ef-
fects to any vehicle project where modifications are
being implemented. Therefore, it is important to ac-
cept that even after a carefully defined list of addi-
tions and modifications is established, modifica-
tions will undoubtedly cause a number of further
changes over coming months, hopefully minor, as

Chapter  4

148



the new baseline is tested and produced. We must
remain conscious that our accurately estimated
timeline for design and production may change dur-
ing the design phase due to the testing and alter-
ation of each required modification.

Restricting any modifications to those on the
original list at the outset of the design phase helps
us ensure a minimum of unexpected delays to the
project delivery schedule. The primary aim of estab-
lishing a new baseline early in the design phase of
the project is to avoid a process of continuously
making further additions or modifications and leav-
ing the overall project in a constant state of flux.
This is known as freezing the scope of work.

Such a situation of on-going changes during
the design phase also results in significant ineffi-
ciencies for the manufacturer and their suppliers. It
can cause issues with an almost exponential in-
crease in time lag for the logistics trail necessary to
supply us with spare parts and maintenance equip-
ment for a new vehicle. Spare parts manufacturers
cannot ship the necessary spares to the manufac-
turer or our organization, if the manufacturer has
not yet finalized which components will be used on
our new vehicle. Such logistical issues will result in
on-going delays in the provision of not only the ve-
hicles themselves, but also Special Tools and Test
Equipment (STTE), vehicle kits, workshop equip-
ment, spare parts, and maintenance or operator
documentation — all of these essential to enable
the successful introduction and operation of a new
vehicle fleet.

The problems caused by these delays can be
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further compounded if, despite delays in the sup-
port apparatus for a new fleet, the timeline for ve-
hicle delivery is set in stone to suit contractual de-
livery dates defined by your company at the outset
of the project. Manufacturers that simply ensure
the vehicles are delivered by a particular date, re-
gardless of whether the necessary ancillary support
has been put in place beforehand, can cause very se-
rious problems. These problems relate not only to
the logistical support for the new vehicles, but also
the quality control standards being implemented on
your vehicles during production. A lack of sufficient
quality control in vehicle production may take your
company years to resolve or recover from.

Guaranteeing that a new vehicle fleet arrives by a partic-
ular date is much less critical than ensuring it arrives in
a suitable condition and with the necessary support in
place to function effectively from Day.1

It is often an aspect of large vehicle purchases,
especially those for organizations with their own in-
house maintenance, that the delivery of all ancil-
lary support equipment, spare parts, and training
of personnel precede the arrival of the purchased
product. Be aware that a more inefficient and trou-
blesome process can sometimes be implemented,
whereby everything effectively arrives concur-
rently over a period of weeks or months with the
new vehicles. As the customer, it is best to avoid this
scenario.

With such a process, delays will often result
because items are shipped from the vehicle manu-
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facturer to the customer in a haphazard fashion as
they arrive from third-party suppliers. Undoubt-
edly you will receive the parts you need immedi-
ately, at the end of the spare parts supply process —
and the parts you do not need for a number of
months or years will arrive first!

Wherever possible, the arrival of the new vehi-
cles themselves should be the last delivery in any
complete purchasing process that also involves
spare parts and ancillary support equipment.

Stage 11:  Pre-Delivery Inspections 

Pre-delivery inspections (PDI) are the most
important quality control aspect of a vehicle pur-
chase project that will be conducted by the buyer.

If your PDIs are conducted correctly, they pro-
vide an opportunity to examine in detail the pur-
chased product before paying the manufacturer. If
necessary, PDIs allow the buyer to refuse to accept
the new vehicles should the quality of the vehicles
be deemed to be below the required standards. Due
to the high level of activity during the construction
phase of a vehicle project, and the timeline de-
mands that will often be in place, we must be
aware, as purchasers, that at various times during
fleet production, the highest standards outlined by
producers in their business plan may not have been
met for every vehicle rolling off the production line.

Therefore, project financing must allow for
travel, as required, to the manufacturer’s facility
during and after the production process. Approval
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for this travel can often be difficult to obtain when
finances are tight. However, without such visits as
well as sufficient time and resources being given to
the accompanying inspections, you are effectively
purchasing a product or fleet of vehicles blind.

Would you ever design a new house, wait for it
to be built, and then buy it on the word of the seller
without ever viewing it yourself? Or buy it if there
is a time limit on the viewing that allows you to
have only a cursory look at the outside and not see
the entire house first? Of course not.

Hence, project financing must allow time on
site at the manufacturer’s production facility for
very detailed, pre-delivery inspections on your new
vehicles. Without sufficient budgeting for this time
from the outset, there will be a negative effect upon
the rollout of the overall project. You could face sig-
nificant delays before you can start using the new
vehicles, or the new vehicles may suffer from nega-
tive perceptions about their reliability and main-
tainability due to a lack of sufficient quality control
prior to delivery.

There are several straightforward aspects in-
volved in conducting pre-delivery inspections. Their
importance as a tool to minimize post-delivery is-
sues with vehicles cannot be overstated.

1.  PDIs should be conducted at the manufacturer’s 
facility prior to shipping the vehicles.

Although there are costs involved in sending
inspection teams to a manufacturer’s facility, they
must be viewed in the context of the overall value of
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any fleet purchase project. Conducting pre-delivery
inspections after the vehicles have already been
shipped to you — the customer — does not allow the
simple and essential ability to refuse vehicles that
are substandard. It also does not allow problems to
be resolved prior to leaving the factory, where all of
the necessary equipment and production supplies
are available if required. Depending upon the quan-
tity of vehicles being purchased, your PDIs should
involve sending enough personnel (management
and mechanical) to the production site to physically
inspect a given set of vehicles and also to examine
all the production quality control paperwork. A pre-
delivery inspection is not pre-delivery if it happens
after delivery has occurred.

2.  PDIs should have sufficient personnel available in  
the inspection teams to allow comprehensive 
examination of all vehicles ready to be shipped from
the completed production batch.

There is no point sending a token team of one
or two personnel to conduct a cursory review of ve-
hicles prior to shipping. If there are going to be me-
chanical issues that will subsequently cause signif-
icant problems post-delivery, a cursory examination
cannot discern these. For complex specialist vehi-
cles, sufficient numbers of personnel must be sent
on the pre-delivery inspection to allow a minimum
inspection time of one day per vehicle for two per-
sonnel working together — at least for the initial
delivery batch. Of course, if you are buying widely
available standard commercial vehicles, this sec-
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tion is not applicable.
These inspections must include simple aspects

such as checking the security of all hose clips and
pipe/hose connections on the vehicle, checking the
security of internal and external electrical connec-
tions, operation of internal and external lights, op-
eration of all gauges, etc. They should also include
more intensive tasks such as stripping all wheel
hubs on a random selection of vehicles to check for
production errors such as swarf. When defining the
list of items you wish to check on the PDIs, your ex-
perience from the trials will guide you regarding
what areas did not measure up on the vehicles.
Also, any areas that were modified during the de-
sign phase should be inspected.

The operation of ancillary vehicles’ features or
equipment — such as tire inflation systems, hy-
draulic suspension, overpressure filter systems for
vehicles operating in hazardous environments, etc
— where fitted, should be checked. All vehicles
should be road tested and examined afterwards for
leaks from any fluid carrying pipes or hoses. This
may require a member of your inspection team to
ride along with a driver from the company, depend-
ing upon the qualifications of your personnel and
the driving regulations or laws in the manufac-
turer’s location.

The inspections should check as many individ-
ual items as physically possible, on as many vehi-
cles as possible, within the time available. Any
quality control related issues will become apparent
as the inspections progress. Inspection teams
should be managed in order to reallocate time away

Chapter  4

154



from items that are proving to have no issues on nu-
merous vehicles. Instead, they should give addi-
tional time for inspecting an increased quantity of
vehicles for those items that can be seen to have is-
sues arising. The more detailed and comprehensive
the pre-delivery inspections are at the manufac-
turer’s facility, the easier the acceptance testing
post delivery will be, and the quicker the vehicles
can enter service with high reliability.

3. Pre-delivery inspections must have sufficient time
available to them.

To carry out their job properly, the inspection
team must have sufficient time on site without be-
ing under such time pressure that they may miss
an important issue with the new vehicles. Time
must also be available in the overall project deliv-
ery schedule, to allow the inspection team to re-
fuse vehicles for shipping if very significant issues
are identified. Again, it is effectively pointless to
conduct a detailed examination on a fleet worth
hundreds of thousands of dollars or more, if it
highlights a major issue but there is no higher
level support within the company to move back the
delivery timeline. A delay may be necessary in or-
der to ensure prior to shipping that the items be-
ing delivered are brought up to the expected stan-
dard.

One way to avoid the scenario of not having
sufficient time to resolve issues prior to shipping is
for the delivery timeline to initially factor in a delay
of approximately two months, due to anticipated re-

Vehic le  Component  Modi f icat ions  and  Supply

155



fusal of the first batch of vehicles. This time is de-
pendent upon the quantity of vehicles purchased
and the extent of agreed modifications. Should
there be no problems upon inspection, it is always
preferable to have a timeline brought forward and
delivery occur early, rather than having to move it
back because of a lack of foresight about production
and inspection-related issues. Do not inform the
manufacturer about this two-month cushion, nor
the reason, as it may be incorrectly interpreted as a
lack of confidence in their production practices.

4. Pre-delivery inspections require the support and
preparation of the manufacturer.

Be certain the inspection team can effectively
“hit the ground running” upon arrival at the manu-
facturer’s site. The inspection must be preceded by
good communication with the manufacturer to en-
sure that all the necessary arrangements are in
place before your arrival. The manufacturer should
be given the total list of tasks that you intend to
complete during your inspections. They should also
be given copies of the blank inspection sheets you
intend to use to record the inspections. Tell them all
the tasks you will be carrying out on all vehicles,
and tell them that you will be selecting vehicles at
random for particular inspection tasks as applica-
ble. The ideal situation is one whereby the manu-
facturer carries out all tasks, on all vehicles, prior
to your arrival. Your inspection team would theoret-
ically then find zero issues and all vehicles can be
shipped immediately.
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It’s important to remember that the aim of
pre-delivery inspections is not to catch the manu-
facturer. The aim is to ensure the effective perform-
ance of the vehicles upon delivery and minimize any
problems that arise after delivery. An ideal situa-
tion is if the manufacturer can make the inspection
task easier by ensuring that the vehicles are 100%
ready. Obviously the best situation is if the vehicles
are ready for inspection after rolling off the produc-
tion line, requiring no further checks by the manu-
facturer.

Coordinate with the manufacturer so that all
necessary tools are available for your inspection
teams to carry out their tasks. Any necessary con-
sumables that may require replacing during strip-
ping and assembly tasks, such as seals or fluids,
must be available in sufficient quantity to leave
every vehicle ready for shipping upon the inspec-
tion team’s departure — with no issues beyond
those discovered during the inspection which are to
be rectified by the manufacturer.

The aim of pre-delivery inspections is to guarantee the
effective performance of the vehicles upon delivery and
minimize the amount of problems that arise after 
delivery.

If the engine, transmission or driveline / dri-
vechain components have been modified on a vehi-
cle during the design phase, the manufacturer may
also be required to run a specified amount of
mileage on one or more vehicles prior to or during
your inspections. The time required to facilitate
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this must be addressed both in your project timeline
and in the manufacturer’s production/delivery
timeline.

Stage 12:  Post-Delivery Acceptance 

If the pre-delivery inspections process is car-
ried out in a diligent and comprehensive manner,
the post-delivery acceptance process should be
largely comprised of inspecting vehicles for damage
that may have occurred in transit. If you wish, all
vehicles can be checked for potential issues that
time did not allow for checking the entire fleet dur-
ing the PDIs. Such a shortage of time would, how-
ever, indicate a failing in the PDI process.

During this final acceptance, check areas such
as braking force for the vehicles. Have each vehicle
complete your national and local environmental or
other road standards testing. In military organiza-
tions, this testing may not be legally required, but
it is still good practice to ensure that the new vehi-
cles have correctly functioning brakes, steering,
lighting, etc., prior to accepting and releasing them
for use.

All ancillary equipment must be fully inte-
grated and fully functional on the vehicles before fi-
nal acceptance is issued to the manufacturer. If
such equipment is being fitted in the home country
by the purchaser, this process should have been
pre-planned to commence upon the arrival of the
vehicles. The complete testing of ancillary special-
ized equipment such as radios, lifting equipment,
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and cutting equipment is necessary before accept-
ing any vehicles —these kit items can place electri-
cal loads onto vehicle power systems, causing prob-
lems that may not be identified prior to extensive
practical use.

Vehicles should not be released for use upon
delivery, until all such testing and acceptance have
been carried out to a high standard. If any issues
arise, they will only be further complicated by at-
tempting to resolve them while the vehicles are be-
ing used on a daily basis. Testing of weapon systems
in military organizations should involve firing hun-
dreds or thousands of rounds and not simply a to-
ken quantity; a lower amount will not allow contin-
uous usage problems to become obvious. Likewise
in the civilian sectors, any cutting, grinding, dig-
ging, lifting, or handling equipment must be tested
extensively, not simply started up and shut down
after a few minutes.

If at all possible, vehicles in the new fleet
should not be released one-at-a-time as acceptance
is completed. Such a procedure can lead to problems
where the end users, receiving the vehicles, proceed
with their training and use of the new vehicles, only
to result in breakdowns and availability issues
which place unnecessary pressures on the accept-
ance of the remaining vehicles being completed
quickly.

A delivery batch of vehicles should either be
released for final use in its entirety after accept-
ance, or it should be accepted and released in an or-
ganized fashion of sufficiently sized blocks, such as
10, 25, or 50 vehicles at a time. This process again
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ties into the question of time. Enough time must be
allocated, after the delivery of the vehicles, not only
to account for the acceptance testing itself, but also
to allow for the resolution of any issues that arise
after arrival. This necessity must be communicated
early to upper management in the purchasing or-
ganization, to avoid the belief that vehicles will be
operating the day after they are delivered. 

Obviously, it is also essential that personnel
managing the post-delivery acceptance process
streamline it and minimize any delays. Get the ve-
hicles through as efficiently as possible so that they
can begin serving the purpose for which they were
bought. As noted earlier, if the PDIs were detailed
and comprehensive, then acceptance testing should
not take an inordinate amount of time.

Stage 13:  Modifications, Upgrades, and Life 
Extensions

Many non-technical managers find it difficult
to understand that buying a fleet of new specialized
vehicles is not the same as buying a family car. The
process does not end when the vehicle leaves the
factory or is delivered. Pre- and post-delivery in-
spections and acceptance processes, post-delivery
warranty alterations, in-service modifications, mid-
life upgrades, and life extension programs are all
integral elements on the road to an operationally ef-
fective and cost-effective platform.

The manner in which the vehicle trials, selec-
tion, and purchase were carried out up until this
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point will determine the scale of modifications re-
quired to a vehicle immediately after it begins to be
used. In an ideal world, there should be a minimum
quantity of post-delivery modifications made to ve-
hicles. However, in many cases, the more modifica-
tions that were applied to your vehicles during the
design phase, the more new elements there are now
that can fail or have issues after delivery. This prob-
lem explains why modifications can extend the
timeline for vehicle delivery so much — in order to
avoid such issues after the vehicles have arrived,
modifications must be comprehensively tested by
the manufacturer prior to shipping. Such testing
requires time.

Warranty Modifications 
The first types of post-delivery modification

are warranty modifications. In most cases, they re-
sult from manufacturing or production issues,
omissions, or errors. Warranty modifications will
normally be initiated as a direct result of compo-
nent failure and come under the umbrella of war-
ranty repairs or warranty retrofits. If the process
for new vehicle purchases as described in this book
is followed — including the measures to prevent
drifting into R&D, limiting the scale of modifica-
tions to a trials vehicle platform, and detailed PDIs
— then the number of component failures should be
minimized on a new vehicle. 

This limited failure rate applies only if the
platform is a proven one. If the vehicle is unproven
in actual use, it is very difficult to determine what
problems will arise. By carrying out the purchase
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process in a comprehensive and calculated manner,
the number of warranty modifications that arise
will be reduced significantly. However, if significant
R&D is carried out in a project, then a time and cost
allowance must be factored into the vehicle intro-
duction and post delivery period for warranty mod-
ifications that will almost inevitably be required.
These modifications are exactly what they say; they
are carried out by the vehicle manufacturer under
warranty.

It is essential that during the purchasing
process you have agreed about the warranty terms
with the manufacturer. How long should the war-
ranty period be? In general, the vehicle supplier or
manufacturer wants to minimize its length because
it has the potential to cost them money. On the
other hand, the customer would like as long and
comprehensive a warranty as possible. If you can
agree to a 3-year warranty on a heavily modified ve-
hicle, you would be doing very well. But with a large
number of modifications to a vehicle baseline, you
want at least a 2-year warranty (24 months) to en-
sure most major problems are caught within the
warranty time period. Without many modifications,
1 year may be a sufficient warranty.

In-Service Modifications 
After new vehicles begin to be used, the more

detailed pros and cons of their design will become
clear. As a result, you will receive requests from op-
erating personnel for additions or modifications
that will better facilitate their tasks. In particular,
military vehicle technology can advance so rapidly
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that within the timeframe from defining the final
baseline to the vehicles being delivered, significant
technological improvements can have appeared on
the market. Also, previously irrelevant but now sig-
nificant considerations may have arisen due to the
operational experience of other users with your ve-
hicle type. 

Choosing to make optional modifications to a
vehicle after it has entered service can be referred
to under the generic term of in-service modifica-
tions. These modifications are generally at your
own expense and are not covered by warranty.

The modifications may not necessarily be up-
grades; they may result in a more usable or er-
gonomic platform without changing the perform-
ance characteristics of the vehicle. If there are me-
chanical issues that are not defined as faults, and
hence not covered under warranty, they may also be
dealt with through in-service modifications. An ex-
ample is continued failure of a component due to a
vehicle being used, perhaps forded, beyond its orig-
inal intended capacity. Such an occurrence is in-
dicative of the usage requirements of a new vehicle
being slightly different than envisioned; it is nor-
mal that these can arise. Resolving these issues will
involve a two-stage approach.

The first stage is improving training and in-
creasing the awareness of the vehicle operators re-
garding the capability of the vehicle. This training
may remove the need for a modification, saving
your company from spending much money on the is-
sue. If this first approach does not decrease the ve-
hicle failure rates and the repair costs, the second

Vehic le  Component  Modi f icat ions  and  Supply

163



stage involves evaluating potential mechanical de-
sign changes to the vehicles to resolve the issue.

The initial indication that an in-service modi-
fication may be required will often be an occurrence
of high volume failures and repair costs that indi-
cate a design weakness in a particular area. Mak-
ing the decision whether to carry out an upgrade is
relatively straightforward, but involves a benefit-
cost analysis. A simple method to carry out a basic
review follows; for a detailed discussion, including
aspects such as market distortion, the discount
rate, or distributional considerations, you should
refer to a book specifically on this subject, such as
Benefit-Cost Analysis:  A Practical Guide (Anderson
& Settle, 1977).

The failure rate of the specific component
needs to be examined and, if necessary, extrapolated
to give an average number of failures per annum.
This number can then be multiplied by the individ-
ual replacement costs of that component. Don’t for-
get to include wages to cover the average repair time
and the number of technicians involved in each indi-
vidual repair. If the failure in question results in ve-
hicles having to be transported back to a repair base
each time, the costs of wages for the recovery per-
sonnel and the fuel costs, over an average or nomi-
nal transport distance for such recovery, should also
be factored. This gives a total cost to your organiza-
tion of these failures on an annual basis.

The unit cost to resolve the issue by fitting an
upgrade to each vehicle should be sought from the
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manufacturer or from your own R&D department.
Comparing the costs of implementing this upgrade
on your fleet of vehicles, to the annual repair costs
of the failure in question will result in the length of
time required, in years, to make back the financial
investment in the upgrade. Table 4-1 provides a
sample benefit-cost analysis for a component fail-
ure for a theoretical fleet of 100 vehicles.

Table 4-1
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Fleet Size (S)
Component Replacement Cost (RC)
Number of Failures per Annum (F)
Total Cost of failures per Annum (TC)
Estimate for Modification Design (M)
Estimated Implementation Cost per Vehicle (CV)
Estimated Implementation Cost for Fleet (IC)
Time to Recoup Expenditure (T)

S = 100
RC = $2600
F = 14
M = $26,000
CV = $1400

TC = (RC x F) = (2600 x 14) = $36,400
IC = (CV x S) = (1400 x 100)= $140,000

Time to Recoup Expenditure =
[(IC + M) / TC] = [($140,000 + $26,000)/$36,400] = 4.56yr



According to Table 4-1, it will take approxi-
mately 4.6 years to recoup the direct cost of design-
ing and implementing this modification on the en-
tire fleet. If your vehicles’ expected life is 25 years
and this modification is carried out early, the cost-
benefit is clear. This formula can be expanded to in-
clude under TC items such as transport costs for
failed vehicles moving to/from the workshops and
wages for maintenance personnel each time a fail-
ure occurred. The more detail that is added to such
a calculation, the higher the accuracy of the ap-
praisal.

Any change to the component replacement
cost also has to be evaluated with respect to the new
estimated MTBF for the modified or replaced com-
ponents. If, for instance, the MTBF is expected to
double (failures occurring half as often as previ-
ously), but the individual component replacement
cost will also double due to the modification, then
most of the benefit is cancelled out. In such an in-
stance, all the benefit is not lost because the vehicle
will still be available for use more often. This avail-
ability in itself may be reason enough to carry out
the modification. Your maintenance personnel will
also spend only half as much time conducting re-
pairs due to this issue over the lifetime of the vehi-
cle. However, the financial benefit of the realloca-
tion of wage costs may not be sufficient to compen-
sate for the initial capital outlay on design and im-
plementation of a modification across a fleet.

In order to establish failure rates (rather than
take the suppliers’ stated rates as gospel), run a test
quantity of the modified component, possibly under
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an accelerated life cycle program, prior to commit-
ting to a fleet-wide rollout. It is worth inquiring
whether the manufacturer will share the costs of
the initial engineering work and such testing. If
they have other customers who may subsequently
purchase the modification, there can be longer term
financial benefits for them.

Also consider the operational benefits of vehi-
cles no longer becoming unserviceable due to a re-
duction in the frequency of any failure which you
are resolving. There will also be an increase in the
time vehicles are available for use. In the search for
ultra-reliability, any upgrade to a vehicle that re-
duces failure rates is desirable. Issues that do not
result in a mechanical failure or reduction in serv-
iceability, but which are requested by the vehicle
operators due to a perceived need when using the
vehicles in the field, can also drive in-service modi-
fications. Evaluating these requirements is much
less scientific. However, the results are often more
tangible to the vehicle operators than maintenance-
driven modifications. A decision whether to modify
the vehicles often rests on the effectiveness of the
requesting personnel in convincing an organiza-
tion’s management about the benefits of each indi-
vidual change.

It takes competent management to under-
stand that issues will always be noted with the
daily functioning of a new vehicle while it is finding
a place in your organization. These issues may re-
quire in-service modifications shortly after entry to
service or later in its life. Often, if these modifica-
tions are not implemented at an early stage in a
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project’s projected life, the enthusiasm and political
will to pursue them can wane, and they can be
shelved simply for lack of effort.

Setting modifications aside for a long time be-
fore pursuing them often results in a lack of appre-
ciation within organizations of why they are re-
quired; the vehicles have been seen to be function-
ing without these changes for years. There is also a
reduction in cost-benefit as the remaining vehicle
lifespan decreases. The key argument against mod-
ifying a new vehicle is often simply that it is a new
vehicle. When early modifications are not imple-
mented, potentially great vehicles can remain sim-
ply good or average, impacting on turnover and
hence profit. The argument against modifying an
older vehicle is often that it has been operating suc-
cessfully, so why make changes. This can mean an
aging vehicle becoming progressively less effective
and less competitive in the operational environ-
ment; your organization’s equipment does not keep
pace with competitor’s improved technology and,
hence, your competitors will have reduced costs and
higher levels of efficiency.

In-service modifications need to be viewed be-
yond the context of immediate requests and needs.
You must also consider how any modifications may
change the vehicle’s performance in other areas and
with respect to future roles or mission tasks. It is
usually a wise expenditure to facilitate vehicle ad-
ditions or modifications requested immediately af-
ter entry into service. The cost of such modifications
are often low, both with respect to the project cost to
date and the remaining length of service of the new
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vehicles. Hence, they can provide significant cost-
effective benefits over the life of the vehicles.

In order to ensure the best performing product and best
value for the significant sums already spent, in-service
modifications that are requested due to increasing expe-
rience with a new vehicle, should be facilitated early
wherever possible.

It is important that a percentage of the overall
purchase project budget be offset for in-service
modifications that may be requested to vehicles af-
ter delivery. This percentage is included within the
project value allocated to ancillary requirements
(up to 40%) and needs to be set aside early in the
purchase program for a new vehicle.

Upgrades and Life Extensions  
Vehicles are no different than other machines

in that they have a design life. They also do not
have a definite end of life. The nature of vehicles is
that their overall design life, is a function of the de-
sign life of tens or hundreds of separate compo-
nents, each with its own design life and each inte-
grated together in the total platform. These compo-
nents scale up into sub-assemblies, assemblies, and
systems. By replacing these different elements of
the total vehicle platform with more modern alter-
natives, we can often significantly extend the total
useful life of the overall vehicle. 

However, there is always a point at which the
fundamental aspects of your particular vehicle type
have advanced to the extent that upgrades are no
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longer cost effective, and a new vehicle is required.
You can only establish this point on a case-by-case
basis, by carrying out RFIs and comparing the cur-
rent market technology against the costs and ad-
vantages of upgrading your current fleet. An RFI
may be as necessary and useful prior to initiating a
Life Extension Program, as it was prior to the orig-
inal vehicle purchase.

Mid-life upgrades and life-extension programs
should be an integral aspect of every organization’s
culture. The technology available in the modern
marketplace moves rapidly; significant cost-benefit
gains can be made by upgrading a fleet to modern
standards within a 10–15 year window after pur-
chase. As alluded to before, a significant danger re-
lated to life extension programs is leaving their ini-
tiation for too long. 

At times there can be a perception that an-
other year will result in better upgrades or more
“bang for your buck.” Although this can be true
early on in the vehicle’s life, it can also result in one
more year becoming many more years. By the time
an organization finds the will to upgrade the vehi-
cles, technology has moved so far forward that a
cost-benefit analysis may find greater long-term
benefit in purchasing a new fleet. This option may
not be financially viable, however, and it thus be-
comes impossible either to upgrade or replace vehi-
cles —upgrades are no longer cost effective and you
cannot afford to initiate a replacement schedule in
sufficient time before the vehicles reach the end of
their effective life.

Designating a single finite point in a vehicle’s
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lifespan at which a life extension program should be
conducted would be misleading. Generally a life ex-
tension program for a particular platform should be
reviewed approaching any time towards 50% of the
estimated lifespan and onwards. Depending upon
the advancement of equipment and technology spe-
cific to the role of the vehicle in question, it may be
viable to conduct a life extension program earlier.
Sometimes changes in the operational environment
or a new discovery can lead to a huge technological
jump in a short period of time. As a consequence, we
may have to upgrade our vehicles earlier than an-
ticipated in order to remain cost effective and com-
petitive.

When conducting a life extension program ear-
lier in a vehicle’s lifespan, realize that you may not
know what technology is coming; you may wish to
conduct another program later in the vehicle’s life.
When work is conducted prior to 50% of the vehi-
cle’s life having passed, it will in many cases be
more correctly considered an upgrade than a life ex-
tension, and any extension to the platform life can
be viewed as a secondary benefit.

Any work being conducted after 50% of the ve-
hicle life has expired should be conducted prior to
entering the final third of the expected total lifes-
pan. On a vehicle with a 25–30 year expected life, it
is unlikely in most cases that the fundamental ve-
hicle design will lend itself to a cost-effective life ex-
tension program after 20 years of technology
changes. After such a significant period of time, a
replacement program will likely yield the most cost
effective result. 
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The exception to this guideline is with a very
specialist piece of equipment where openly avail-
able technology improvements do not regularly
come to market. We can see this situation in the
case of military vehicles such as Main Battle Tanks
(MBTs) where, despite huge technological leaps in
areas such as weaponry, sighting, target acquisi-
tion, and electronics, the vehicle fundamentals
have not changed much in a number of decades.
Thus, a delayed mechanical life extension program
may be slightly more viable, but in many cases still
inadvisable.

Evaluating options for a life extension pro-
gram involves a mix of the two stages previously de-
scribed for in-service modifications. Tangible sav-
ings from resolving failure issues and improving
MTBF should be considered alongside the benefits
of improving the operational capabilities on a more
practical level. An essential feature of any life ex-
tension program — in order to slow the obsoles-
cence of a fleet and reduce the LTTA for spare parts
— is wholesale replacement of obsolete components
on your vehicles. Replacement of obsolete compo-
nents across an entire fleet at one time, instead of
one-by-one as they fail, can give a number of bene-
fits. It can reduce the individual replacement cost,
reduce failure rates, reduce spare parts lead times
and generate maintenance savings. Replacement of
Non-COTS, Non-MOTS, or even MOTS parts with
COTS, if available, can also be advantageous.

A life extension program is unlikely to be car-
ried out more than once. Therefore, proper consid-
eration and time must be allocated to evaluating
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every area of the vehicle’s capabilities with respect
to lessons learned since its introduction. The life ex-
tension program should be planned so that you min-
imize the future operating costs and gain the maxi-
mum extension to the vehicles life for the cost of the
program.

Consider the protection levels of military vehi-
cles when looking at a life-extension program. The
benefits of increasing protection levels are clear, es-
pecially in a world where the threat of ever ingen-
ious and effective counter-vehicle IEDs (Improvised
Explosive Device) and similar devices is constantly
growing. Armor upgrades are an easy item to justify
to an organization’s paymasters, either alone or as
a big ticket item that other upgrades can then be
tagged onto. However, with present technology, in-
creasing protection levels often comes with signifi-
cantly increased weight. Also, do not forget that cer-
tain classes of military vehicles are designed for
specific environments and specific threat levels.
There comes a point where if greater protection is
required, it becomes an operational matter to em-
ploy a heavier class of vehicle ranging upwards
from motorcycles to MBTs, and all vehicles in be-
tween. 

A vehicle is usually purchased with the maxi-
mum protection level available in its class for that
time period. Although protection for new vehicles
keeps improving, it is unlikely that within 15 years
the protection will have become significantly
lighter or that it will be suitable for your older vehi-
cles without major vehicle modifications beyond the
cost-effective scope of a life extension program. Any
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secondary effects to the vehicle’s mechanical prop-
erties and load carrying capacity must also be con-
sidered carefully before adding on more weight, ei-
ther heavy armor in the military, or larger capacity
role-specific equipment in civilian industries.

When we consider vehicle age versus cost of
maintenance, it is widely held that as equipment
ages, the maintenance costs and failure rates in-
crease. This perspective often contributes to justify-
ing a life extension program. However, it would be
remiss of me if I failed to note that a number of
studies do not support this assertion. Several fac-
tors indicating why analyzed data may not reflect
this intuitive decrease in performance due to age
are given in The Effects of Equipment Age on Spare
Parts Costs:  A Study of M1 Tanks (2005, RAND
Corporation).

This book suggested that analyses of age-
related costs which do not show a cost increase, of-
ten fail in their accounting for increased labor costs
with respect to repairing more frequent age-related
failures. This is because labor costs often come from
a separate budget than spare parts procurement; in
some cases, labor costs are not accurately recorded
at all due to data limitations. Failure to properly
record task-specific labor costs is unfortunately a
common feature of many modern maintenance fa-
cilities. External contract costs are also not often
recorded in enough detail to reflect an increase in
expense due to age-related failures. Because main-
tenance personnel numbers do not increase as the
fleet age increases, the labor costs appear to be
fixed. 
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There are a variety of other reasons that the
effects of vehicle age on your maintenance costs can
fail to show up accurately. A lack of detailed digi-
tized maintenance history often does not allow you
to identify the true age of a vehicle, which will un-
doubtedly have undergone significant component
replacements during its lifetime. Spare parts pro-
curement budgets are often not adjusted to account
for equipment age or to trend upwards; therefore,
they appear as if costs are remaining static in line
with the static budget. At lower levels, maintenance
needs that are not met often are not being tracked
or recorded; maintenance personnel often work
around problems. Some studies show that the ma-
jority of age-related failures occur on less expensive
vehicle components. These issues can fail to carry a
significant enough individual cost to highlight the
age problem when each failure occurs.

Budget shortfalls are often viewed in a holistic
manner, without accounting for each element of the
shortfall. Instead, they are met through an inter-
vention such as a single large influx of funding from
another budget or source to meet the shortfall at
the end of the fiscal year. If budgets remain static
and the requirement for vehicle availability and
readiness does not reduce in line with increased
age-related failures, unofficial procedures and per-
sonnel going outside the standard supply systems
to get the necessary parts can explain how the in-
creased demand appears to be met. 

Examples include in-house manufacturing,
maintenance-to-maintenance transactions, attach-
ing a component purchase onto an official repair bill,
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or locally purchasing components. Cannibalization
can also arise in order to meet parts shortfalls; it
does not show up in the accounts unless it is outside
of work hours, and your organization pays overtime.

These costs are often age related or highlight
failures in the maintenance system; they can help
obscure any shortfall in the maintenance budgets
attributable to vehicle age. There are many reasons
that upgrades and life extensions are cost effective,
but it is often difficult to highlight these reasons
when age-related costs are hidden or obfuscated on
a daily basis.

It is also possible that the maintenance struc-
tures in a large organization may strategically de-
lay replenishment of spares for a particular vehicle
type or percentage of the fleet until budget pres-
sures ease, for example, during the crossover of the
fiscal year. This delay, however, not only carries the
problem of insufficient budgets into the end of the
next fiscal year, but it also introduces a lack of
spare parts for a significant portion of each fiscal
year leading up to the end of year parts purchase.
This lack of parts can cause an increase in the per-
centage of vehicles that are unserviceable late in
the year, and reduces the capacity of the mainte-
nance system to address any unforeseen failures. It
also generates maintenance backlog and increases
maintenance pressures at the beginning of the fis-
cal year while the system tries to catch-up on out-
standing maintenance tasks.

These issues all contribute to the difficulty of
accurately analyzing age-related costs on vehicle
maintenance.
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In The Effects of Equipment Age on Spare
Parts Costs:  A Study of M1 Tanks, the authors at-
tempted to account for all of the above mitigating is-
sues when evaluating the effect of age on spare
parts’ costs. Their results nonetheless showed no
positive age effect on actual expenditure or on spare
parts’ costs. However, the authors note, as in other
studies:

These results…should not be taken as evidence
that age does not affect maintenance costs, only that
these data do not show such a relationship...actual
expenditures should not be used to estimate a cost
versus age relationship…a complete analysis of the
effects of age on maintenance costs is not possible
without additional data, particularly labor data.             

(RAND Corporation, 2005)

This leaves us with a clear and rather ironic
situation regarding the evaluation of vehicle life ex-
tension programs. While reviewing any proposed
program to achieve a life extension for our vehicles,
we can continue to consider possible maintenance
savings that may result, remaining aware that we
may not be in a position to prove such savings with
concrete data later. When making the case for a life
extension program, it is advisable to place the ma-
jority of the focus on any anticipated improvement
in spares availability and reduction in lead times,
improved operational effectiveness of the platform,
and the expected availability/reliability benefits.
Reduced maintenance times are also a possible ben-
efit that has a secondary financial benefit. Antici-
pated reductions in maintenance times should be
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evaluated, based upon the manufacturer’s Mean
Time To Failure (MTTF) of the upgraded replace-
ment components versus the manufacturer’s MTTF
of the old components, originally fitted to the vehi-
cles. As we have discussed, it may be difficult to ac-
curately evaluate the actual repair times for a new
component without very concise historical labor
data.

Unfortunately the difficulty in proving age-re-
lated costs limits our ability to include reductions in
maintenance costs in any proposal to conduct a life
extension program. But this difficulty does not
negate the other overall benefits to your organiza-
tion or ancillary financial benefits to other budgets
caused by a life extension program or vehicle up-
grades. If your organization does have very detailed
records on spare parts usage, labor costs, and the
age-related effects discussed in this section, you
may be able to prove some age-related costs to help
make the case for your specific life extension 
program.
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An c i l l a r y  R e q u i r e m e n t s

The lifespan of new vehicles can be signifi-
cantly affected by the organization meeting — or
failing to meet — ancillary purchase requirements.
These are the items requiring expenditure other
than on the vehicles themselves, such as support
and maintenance equipment or vehicle housing.
These ancillary items allow vehicles to be operated
effectively for the purpose they were intended —
from the moment they arrive and throughout their
lifespan.

Up to 40% of the total financing available for a
fleet purchase project may need to be allocated to
ancillary requirements. This focus and expenditure
on ancillary requirements applies regardless of
whether the vehicles are unique, specialized, or
simply additions to vehicles already in service. It
also applies, in particular, in the case of most mili-
tary specific vehicles; however, the exact percent-
age will depend upon what ancillary facilities you
already have in place prior to initiating this specific
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vehicle purchase program. The importance of ancil-
lary requirements cannot be overstated, yet it is of-
ten difficult to communicate or justify upwards
through an organization’s management structure.
The reason for such a potentially large amount not
being spent on the product itself is simply to ensure
that all new vehicles are actually available for use
soon after delivery, and that they give long-term
value for money.

There is little benefit to an organization in re-
ceiving delivery of a fleet of shiny new vehicles if
there are no maintenance and repair arrangements
in place, or if the facilities for the storage, prepara-
tion, and management of these expensive assets are
not created. Unfortunately, gaining support for
such ancillary expenditure from higher manage-
ment can often be difficult. A combination of factors
come into play: first, the simplicity of the reasons
this expenditure is required, second, ancillary
items may have to be purchased form a different
budget than the new vehicles, and third,the contra-
diction with the experience of purchasing a simple
private vehicle such as a family car, which requires
no immediate investment in support mechanisms.
In the latter case, no ancillary expenditure is re-
quired because the manufacturer or dealer usually
has support facilities and ancillary mechanisms al-
ready in place, and the garage at the family home
for storing the vehicle already exists.

For all their capabilities and performance,
modern vehicles remain essentially machines com-
posed of numerous smaller mechanical sub-assem-
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blies. These sub-assemblies involve no witchcraft or
mysteries. They each operate in a particular man-
ner and each operates best under a particular set of
circumstances, be it the chemical reactions in a cat-
alytic converter, the movement of clutches inter-
nally within an automatic transmission, or the per-
formance of the vehicle’s finish or paint coating. If
ancillary requirements are not facilitated suffi-
ciently at the initial purchase stage, then vehicles
will not operate as intended or will suffer increased
failure rates and vehicle downtime. 

This chapter looks at the largest ancillary pur-
chase requirements likely to require consideration
with respect to your fleet purchase. These should be
put in place, or already exist, prior to any new or ad-
ditional vehicles being delivered to you. Having the
necessary additional resources available, such as
additional maintenance staff or equipment in place
prior to the vehicles’ delivery, also provides a sec-
ondary benefit of increasing work turnover leading
up to the delivery date. This increase will allow you
to clear maintenance backlog and free up capacity
to deal with the additional maintenance burden of
acceptance and post-delivery testing when the new
vehicles arrive.

Maintenance, Spares, and Support Facilities  
The facilities required to successfully main-

tain a fleet of vehicles are a direct function of the us-
age profile for those vehicles. The level of care given
to the vehicles by the operators and the quantities
of vehicles in service also have a direct impact.
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For example, one of the most common methods
of defining the usage profile is simply between on-
road and off-road vehicle usage. The vibrations and
strains of off-road use cause a significantly higher
amount of wear on a vehicle over its lifetime than
paved roads. 

Likewise, a lack of care or attention by vehicle
operators can result in smaller maintenance issues
not being addressed prior to their devolving into
more significant problems. Having a higher number
of vehicles in service can also result in less strain on
the remaining units. A lower number of vehicles in
service can result in almost 24-hour operation of in-
dividual units; consequently, a very intensive main-
tenance schedule is required to keep all operating
efficiently. Sufficient quantities of vehicles in serv-
ice will allow vehicles to be withdrawn from service
to undergo minor maintenance tasks before any me-
chanical problems degrade.

The maintenance facilities available must also
be physically sufficient for both the vehicles cur-
rently in service, plus the additional burden of new
vehicles coming on-line. They must be sufficient in
both size and turnover capacity. At risk of stating
the obvious, if your maintenance facilities have
simply performed adequately for a number of years
with your current fleet, an increase in the size of
that fleet will require a corresponding investment
in your maintenance capacity. Without such invest-
ment, the maintenance turnover respective to the
size of your new larger fleet will be reduced, with a
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consequent detrimental effect on the condition of
your vehicles. Of course, if your new vehicles are
simply replacing your present vehicles on a one-for-
one basis, then the size and turnover requirements
are unlikely to change significantly.

If there are an insufficient number of vehicles
in service to meet your operational requirements
while also allowing a sufficient maintenance turn-
over, their deteriorating condition will require an
increase in maintenance capacity. You can probably
see the link between fleet size and maintenance
turnover capacity forming here. 

This ancillary requirement for maintenance
capacity includes the number of maintenance per-
sonnel available, the physical space available in the
maintenance facilities, and the availability of work-
shop and personal tools.

The location of maintenance and repair facili-
ties, respective to the home base of the vehicles, is
also important when considering lifetime costs. De-
pending upon their condition, transporting or driv-
ing vehicles to a central repair facility costs money,
both directly and in the form of non-operational
hours spent. With the ever rising price of fuel, this
cost (in addition to the costs of extra off-road time)
must be weighed against the price of devolving
more of your maintenance to local centers. If your
organization already has maintenance facilities in
a number of locations, then the costs of increasing
their tasks to include third-line maintenance or
higher may be minimal in comparison to the trans-
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port and related costs of using centralized mainte-
nance. If, however, your organization does not have
a network of maintenance facilities, then the start-
up costs may be prohibitive. Evaluating matters
such as this is essential to ensure that you get the
best and most cost-effective use from your new ve-
hicles when they are in service.

Any new vehicle purchase must have a suffi-
cient availability of spare parts to deal with the ini-
tial breakdowns after the vehicles enter service.
The importance of this requirement cannot be over-
stated; it increases in importance if the vehicles are
of a type not already in your fleet, and even more if
they are heavily modified or have new design fea-
tures.

For example, if you carry out in-house mainte-
nance and the vehicles are of a type you don’t oper-
ate yet, then a sufficient purchase or supply of
frontloaded spare parts will be required. This pur-
chase is needed in order to ensure that the vehicles
remain available for use when technical faults oc-
cur after delivery. If your maintenance is carried
out by a third party under contract, you will need to
ensure that your maintenance contractor is suffi-
ciently aware of the new requirements, and they
have sufficient initial parts quantities in stock.
Note I state when and not if technical faults occur;
faults are inevitable and will occur at some point. It
is important that these parts match the most likely
faults that will appear on the vehicles in the first
few thousand km of use.
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Any recommended initial supply of spare
parts received from a manufacturer must be
checked by your own maintenance personnel,
whether they are in-house or contracted. It is quite
possible a manufacturer will list initial spare parts
that an experienced eye can quickly dismiss as not
required in the short term. This may not be inten-
tional; the list may actually be computer generated
based upon the manufacturer’s profile algorithms
for vehicle usage. Examples of components that
may be front loaded in larger quantities than re-
quired include parts that are not maintenance in-
tensive and should not require regular replace-
ment, such as axles and chassis brackets. By all
means, you can receive a nominal quantity of such
components to deal with unforeseen circumstances
or failures. However, the recommended spare parts
lists supplied by the manufacturer must be checked
to ensure the recommended spares quantities are
realistic.

Ensuring an initial availability of spare parts
is an essential requirement, as the following expe-
rience demonstrates on the adjacent page.

The key lesson to take away from the example
on the following page is that the ancillary require-
ments, such as spares availability, must be assured
prior to vehicle delivery. Not every circumstance
can be foreseen, but if we fully prepare for the most
likely circumstances — or, as in this case, the most
likely failures — then the unforeseen and less likely
occurrences will have less of an impact on the initial
operation of our new vehicles.
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In early 2007 I assisted with the delivery of a
new vehicle fleet for a close friend working in
an Irish civilian logistics company. Spare parts
had been front loaded as recommended. In
fact, two years’ worth of front-loaded parts
were delivered as their maintenance was
about 60% in-house. In this instance, the vehi-
cles themselves were worth almost $80,000
per unit. The types and quantities of front-
loaded parts were recommended by the vehi-
cle supplier using projected failure rates.
These failure rates were established from a
complex usage profile matrix, based on the ve-
hicles’ projected service with the company.
The required parts were mostly delivered on
time, so initially all was going to plan.

Unfortunately, as is often the case in complex
business projects, unforeseen circumstances
tend to arise at the most inconvenient time!
You can imagine our surprise when shortly af-
ter delivery, within a few hundred km of use,
vehicles began failing due to faulty differen-
tials. As it transpired, the problem originated
with the original equipment manufacturer
(OEM). Representative of the best “Monday
morning syndrome” on the production line, the
rear differential on a limited number of vehi-
cles had not been washed out after machining;
they were full of swarf. When vehicles started 
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being used, this swarf damaged the differen-
tial seals.     

As a consequence, one by one the vehicles
went unserviceable and had to be taken off
the road. The seals were worth approximately
$6.60 each and there were three in each differ-
ential. Although such an issue is not ideal, it is
not by itself a major problem. However, none
of the specific seals were included by the
manufacturer of these REEFER vehicles in the
initial deliveries for the front-loaded spares
supply because they were not expected to fail
so soon. To make matters worse, they could
not be sourced locally at that time and the 
vehicle distributor had none immediately
available.    

The result was that nine tractor and trailer
units with a total value of nearly $720,000
were unserviceable for weeks due to $19.80
worth of seals on each vehicle or a total value
of $178.20. This single issue caused not only
huge financial damage to the business, but
also had a major impact on the usage of the re-
mainder of the fleet. Although the situation
was challenging, the front loading of spare
parts thankfully allowed most other failures
on the remaining newly delivered vehicles to
be repaired as quickly as possible, thus help-
ing to mitigate the impact of this fault to some
extent.



Vehicle Housing 
The long-term benefits of housing vehicles in-

doors when not in use are well known. Avoiding the
corrosive effects of weathering on vehicles over a
period of decades can not only extend the life of a ve-
hicle, depending upon climate, but also reduce
maintenance costs. This effect is due in part to re-
duced deterioration of the vehicles’ components
from environmental factors, such as expansion and
contraction due to cold storage temperatures and
warm operating temperatures. It is important that
housing is not only available, but designed to facil-
itate these reduced costs. 

A simple example of the environment causing
premature failure would be two air conditioners:
one in a hot environment and the other in a cool
one. Which would you expect to fail first:  the air
conditioner in a garage in California or the one in a
garage in Finland? The odds are in favour of the
one in California failing first, the one in the hotter
environment.                                    (Borris, 2006)

For vehicles using modern batteries, such as
Gel or Absorbed Glass Matt (AGM) type batteries, it
is important to address simple considerations such
as electricity sockets being available in vehicle
parking areas, to allow trickle charging — smart
charging — when vehicles are not in use. Modern
batteries can be very effective at providing power in
difficult conditions such as temperature extremes,
but the trade-off is that they are often more sensi-
tive to damage from not being cycled regularly.
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With the cost of each modern specialist battery of-
ten stretching towards or over $1000, the value of
trickle charge facilities for a large fleet is clear. In
the case of battery-powered vehicles, their battery
banks can cost thousands of dollars.

If you wish your new vehicles to operate over a
period of two or more decades, then a facility to
keep vehicles dry is also important for the condition
of more expensive commercial machinery or mili-
tary armored vehicles. Placing vehicles into short-
or long-term storage in a damp climate, while wet,
can have an accumulative deteriorating effect, es-
pecially upon sensitive electronics and bodywork.
The integrity of armor protection on civilian or mil-
itary protective vehicles can also be compromised
by such factors. 

Hence, vehicle housing should be equipped
with effective under floor heating or a means of
maintaining the internal environment at a suitable
temperature and humidity level to allow drying of
vehicles after extensive use.

Communications and Other Equipment  
The price of modern communications or sur-

veillance equipment or, in the military, the price of
a weapon system can add a significant cost to the to-
tal value of a vehicle. It is important that these an-
cillary items and other necessary equipment for the
practical operation of the vehicles in their envi-
sioned role — such as NVE (Night Vision Equip-
ment) and driving aids — are allotted a sufficient
quantity of the total purchase budget at the outset.
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It may be difficult to gain the necessary support for
such expenditure after vehicles are already in serv-
ice. The variety of such ancillary equipment is vir-
tually unlimited, and will be determined by the pur-
pose of your new vehicles and their role in your or-
ganization.
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PART TWO
Maintenance  System





V e h i c l e  R e l i a b i l i t y

Modern civilian logistics can involve the road
transportation of loads over very significant or long
distances across the United States, Europe,
Siberia, Africa, and other large land masses. In
these instances, the timely delivery of a product
and the efficiency of the logistics operation overall
is dependent upon the reliability of the articulated
trucks and similar vehicles involved in the physical
movements of goods. Each single breakdown that
occurs has the potential to involve repair arrange-
ments with associated companies in foreign coun-
tries, where your logistics routes are operating or
passing through. These breakdowns can impose a
hefty direct and indirect cost burden onto your or-
ganization. Significant complications to the organi-
zational delivery system can be caused by break-
downs if there is a major fault with a vehicle, or if
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Reliability:  “Able to be trusted; predictable or dependable”
(Collins English Dictionary, 2009)

“Capable of being relied on; Dependable.” 
(The Free Dictionary.com, 2012)



there are no alternative vehicles available in the
area at short notice.

In a military context, the modern military in
most Western nations is expected to be agile and
maneuverable, operating over large geographical
areas in a dispersed manner. This expectation  is of-
ten the case in missions undertaken in accordance
with Chapter 6 or Chapter 7 of the United Nations
Charter. These can occur in large and sparsely pop-
ulated countries such as those on the African or
Asian continents. Scattered tribal villages spread
over large areas of responsibility, each being hun-
dreds of kilometers apart with little or no indige-
nous capability to provide maintenance support,
place significant demands upon the reliability of ve-
hicles and equipment.

It is clear, therefore, that the nature of modern
military and civilian operations requires fleets of
vehicles to be ever more self-sufficient.

In Repairing The Panzers, Lucus Friedli de-
scribes the movement of groups of Panzers in World
War II and the strain caused on the machines of
that era:

Although modern vehicle technology has
thankfully moved on from a requirement to halt in-
dividual vehicles or a convoy every 10 km, vehicles
in many fleets, perhaps most fleets, remain more
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A marching plan also needed to include stops and breaks
to regroup the formation and to check, maintain and supply
the vehicles…..the Pz.Kpfw. Tiger needed a first stop after

5km, then one stop every 10-15km. 
(Friedli, 2011)



unreliable than necessary. Implementing proper
procedures and practices to improve the reliability
of our vehicles would significantly help to reduce
the quantity of failures and, consequently, the
quantity of unplanned maintenance.

Ever tighter profit margins, and the pressures
of rising fuel costs cutting into those remaining
profit margins, are amplifying the effects of each in-
dividual breakdown on the bottom line of compa-
nies operating fleets of vehicles. As operating costs
increase and profits decrease, there is less margin
remaining with which to maneuver budgets and ex-
penditure to redirect funds and take up slack in dif-
ferent areas. The costs in these areas, such as those
caused by breakdowns, can often be reduced or
eliminated through the efficient implementation of
an effective fleet management and maintenance
system that improves our reliability.

At present, military organizations from a
number of nations involved in long-range opera-
tions or long-range patrolling often travel with a
mobile repair truck or mobile workshops in their
convoy as a standard operating procedure (SOP).
The nature of civilian vehicle operations does not
usually lend itself to this method of operating. How-
ever, even when these support vehicles are used in
the military context, they often lack the maneuver-
ability and terrain-crossing ability of the vehicles
they are intended to support. Therefore, they be-
come a limiting factor in otherwise dynamic and
maneuver-intensive operations. If we look past this
obvious limitation of having these support vehicles
in place, we can see that the true limiting factor is
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the unreliability of the primary vehicles. It is this
unreliability that drives the need for constant local
support availability.

Unreliability is perhaps too strong a term. Af-
ter all, the mechanical reliability of most modern
vehicles has improved in leaps and bounds over
their predecessors. Thus, a more accurate appraisal
of the situation may be to use the term lack of ultra-
reliability in our vehicles. 

Such a lack of reliability in the vehicles we op-
erate will be indicated by the failure of vehicle com-
ponents during use. These failures will normally
manifest as one of the five commonly recognized
types I describe below (and as listed by R.Keith
Mobley in Maintenance Engineering Handbook)
and on the following page.

Critical, hidden, and functional failures will
usually manifest as a loss of integrity of the compo-
nent, requiring immediate replacement or repair.
Evident and incipient failures can cause a loss of op-
erating efficiency that may not require immediate
replacement, but will at some point in the future in
order to return the vehicle to 100% operability.

As modern operational requirements develop
in the military sphere and in ever more competitive
civilian industries, both nationally and internation-
ally, there is an ever developing need for vehicles to
operate more reliably. These vehicles are also re-
quired to operate with minimal levels of support.
Longevity and extended Mean Time Between Fail-
ure (MTBF) or Mean Miles Between Failure
(MMBF) have become watchwords of the modern
employment of vehicle fleets.
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Critical Failures — A complete failure of
the component causing it to cease operating or
be unable to begin operating; for example, a
light that fails to turn on.

Hidden Failures — A failure that is not
obvious to the operator during use of the equip-
ment; for example, a vehicle brake light that is
not working.

Evident Failures — A failure that causes
a change in the performance or output of equip-
ment, thus indicating to the operator that some-
thing is wrong; for example, a failed tur-
bocharger that causes the vehicle performance
to noticeably degrade.

Incipient Failures —Failures for which
there is a slow degradation of performance in
small unnoticeable increments; for example, a
slow puncture in a tire.

Functional Failures — A failure that fol-
lows on from an incipient failure. When the
degradation of performance becomes noticeable
to the operator and is no longer acceptable, the
incipient failure becomes a functional failure;
for example, when a tire is nearly flat and it be-
comes obvious to the driver through steering
wheel vibration or other signs.



Note that where the term MTBF is used for calculation
purposes, it can be substituted with MTTF (Mean Time
To Failure) and vice versa. This is because both of these
measures are calculated in the same manner, by divid-
ing cumulative time in service by the cumulative number
of failures. The technical difference between these two
terms is that MTBF refers to the failure rate of repairable
items, whereas MTTF refers to the failure rate of non-re-
pairable items.

It is clear that reliability is essential to our
fleet operations. However, when we think about the
reliability of individual components in relation to
MTBF and MTTF, we should also consider the fol-
lowing; 

Anyone on the street can determine which individual
spare part or repair arrangement is the cheapest to buy
for a single failure. But we want to determine which gives
the best fleet-wide value and return over numerous fail-
ures.

Non-repairable MTTF items on vehicles —
such as light bulbs, fuses, bearings, etc. — are usu-
ally replaced complete as is. In the case of a MTBF
component, when it is repaired, it may or may not
have the same reliability value as when it was new.
In practice, we see that a repaired component will
sometimes not perform to the same reliability stan-
dard as a brand new replacement, or it will often
not have the same expected life before suffering an-
other failure. This is a very important considera-
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tion for your spare parts’ replacement system to an-
alyze. When managing their budgets, the spare
parts personnel cannot look simply at the direct re-
pair vs. replacement cost of your components. They
will need to take the comparative failure rates of
new vs. repaired parts into account when calculat-
ing how to minimize your ongoing vehicle repair
costs.

There is little value in repairing a component
for 50% of the new component cost if the repaired
component will fail again within 50% of the running
hours of the new component. In such circumstances,
you’re paying less per individual unit and more per
month or per year. Likewise, if you can repair a com-
ponent to an as new condition for 50% of the price of
buying a new component outright, and they will
both last the same amount of time in use, there is lit-
tle value in purchasing the new component.

There are other considerations that relate to
the choice among new parts, spurious parts, or re-
paired parts. (A spurious component is interchange-
able with the original part fitted by the vehicle
manufacturer, but comes from a different compo-
nent manufacturer. Spurious parts will often be
less expensive than original parts, but will not be
manufactured to the same quality standards.) Your
choice may further depend upon the nature of the
component. For peace of mind and security pur-
poses, you may not wish to repair some components
such as brake linings and you might prefer to pur-
chase new pads.
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A lower cost repair may not be cost effective if a new re-
placement would have operated for a proportionately
longer time relative to its cost. 

However, as with many aspects of vehicle
maintenance, considerations such as the choice of
new, spurious or repaired parts, cannot be analyzed
nor a decision made without comprehensive records
of failure rates. The use of repairs instead of pur-
chasing new replacements, buying and using refur-
bished parts instead of new, or spurious parts in-
stead of original, can all have significant value for
money implications for your organization.

In most cases, the spare parts that we pur-
chase will come with an approximate figure for us-
able life from the supplier. However, the only way to
comprehensively measure spare parts alternatives
(new/spurious/repaired) is to use all and compare
the purchase cost with respect to the actual lifespan
obtained in use with your fleet.

So why are we discussing the failure of indi-
vidual spare parts so much? Because the overall re-
liability of your vehicle is a direct function of the re-
liability of its hundreds of individual parts. 

Warranty arrangements on alternative types
of spare parts can also have significant cost impli-
cations, but again these cannot be accurately eval-
uated until you have a complete awareness of the
failure rates. Suppose a spurious part is purchased
for 75% of the price of an original, with a 6-month
warranty instead of the original part with a 1-year
warranty. Initially the cost-benefit of the original
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part seems clear. However, this may not be the case.
If based on your vehicle mileage rates, there are
fewer failures of the original part within the first 12
months of usage, but they all then catastrophically
fail around the 14-month mark, the 12-month war-
ranty is of negligible value to you. The spurious
parts may, however, all fail within their 6-month
warranty; thus, your long-term replacement costs
are going to be much less because their replace-
ments are free of charge. This is only a very gener-
alized example to illustrate the point because more
frequent failures will also carry ancillary cost im-
plications related to lost on-road time, recovery and
maintenance expenses, etc. Such ancillary failure-
related costs must also be accounted for when de-
termining which alternative is the best value for
money.

Reliability for our vehicles is deeply inter-
twined with and directly affects the availability of
our vehicles. The availability of a vehicle is the ex-
act same at any point in time as the vehicle’s prob-
ability of not failing at that same moment. The reli-
ability (%) of a vehicle is also directly equal to its
availability. 

This availability can be calculated historically
for a given period of time as follows:
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Availability (%) = (Total Time Available – Downtime) x 100
                     Total Time Available

                     (Borris, 2006)



As fleet managers, it is important for us to ac-
cept that a vehicle will never be 100% reliable.
There are always going to be a limited number of
unplanned failures. However, the availability —
and, hence, reliability of vehicles — can be maxi-
mized by implementing a preventive maintenance
system with the aims of maximizing availability/re-
liability and minimizing costs.

Such a system is ultimately a balancing act be-
tween different types of maintenance being used
within a single organization at the same time. A
continuous effort to reduce the quantity of un-
planned or reactive maintenance is also required to
maximize the effectiveness of our fleet resources.

Note that a preventive maintenance system
and a predictive maintenance system are not the
same. A predictive system involves scheduled or on-
going monitoring of system status and subsequent
replacement of components when it is observed that
a failure appears imminent. Monitoring tempera-
ture, using electron fractography, oil viscosity or
odor monitoring, endoscope or fiberscope monitor-
ing, electrical resistance monitoring, and much
more are used by predictive maintenance systems
to predict the best replacement time for a compo-
nent or lubricant due to the observed degradation
rate. There are associated costs involved with pre-
dictive maintenance regarding time allocation
within the inspection schedule. On the other hand,
a preventive maintenance system uses analysis of
past data on failure rates to establish the best re-
placement time for components in order to prevent
the majority of failures. The associated costs in-
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volved with preventive maintenance relate to the
on-going recording of failure data to be used later.

Predictive systems can be said to look forward to deter-
mine when to replace components. Preventive systems
can be said to look backward to establish the best re-
placement times in the future.

In general, the consequences of failures can
usually be mitigated by either eliminating/reducing
the failure frequency of occurrence—how often they
occur—or by taking action to directly minimize the
consequences of said failures. Either way, the first
priority in resolving a vehicle failure issue is and
should always be to determine the root cause of the
failure. This can be different to the immediate
cause of failure. The process of Root Cause Analysis
(RCA) is basically like peeling back an onion and es-
tablishing the underlying cause behind the obvious.
This is carried out, repeatedly, until there are no
further underlying causes identified as leading to
an individual failure.

It is important to remember the fundamental
point:  a vehicle is no different to any other machine.
It is, essentially, a collection of cross-functional, in-
dependent, and interdependent parts working to-
gether. Any machine can suffer failures and any ma-
chine can have its failure rate reduced through the
application of sound engineering and maintenance
principles, thus becoming more reliable.

Before calculating the availability or reliabil-
ity percentage, as mentioned above, it is important
to define what constitutes downtime within your
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specific organization. It may be a vehicle that has
suffered a complete failure and requires recovery
and repairs to regain mobility. When discussing
specialist vehicles, downtime may be any time
when the unique equipment fitted to the vehicle is
unavailable for use, even though the vehicle itself is
fully mobile. An example is a refrigerated truck
that is fully mobile, but unavailable for use because
the refrigeration unit is unserviceable. As such, the
definition of downtime in a multi-type fleet will nor-
mally vary from one vehicle type to the next.

The operators of modern vehicles, be they
civilian drivers crossing a continent or soldiers on
the ground in an operational theatre, have an in-
creasingly low tolerance for equipment failure.
They expect ultra-reliability to be the normal stan-
dard because that is what they have known from
the time they were children growing up in the mod-
ern world.
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…people or organisations acquire assets because they want
the asset to do something. Not only that, but they also expect
their assets to fulfil the intended functions to an acceptable
standard of performance…for any asset both to do what its
users want and to allow for deterioration, the initial capability
of the asset must exceed the desired performance. Thereafter, as
long as the capability of the asset continues to exceed the
desired standard of performance, the user will be satisfied. On
the other hand, if for any reason the asset is unable to do what
the user wants, the user will consider it to have failed. 

(Moubray, 2007)



From the moment new vehicles roll off the pro-
duction line, infrequent failures are key to gaining
and maintaining operator confidence. When it
comes to operators of new, unfamiliar vehicles, per-
ception seriously affects reality. If operators have
lost confidence in their equipment, the effect on
your operations cannot be overstated. Once this
confidence is lost, it is very difficult to regain. Al-
though this is particularly evident in the military, it
is also very applicable to the commercial environ-
ment. Vehicle drivers departing a location, concern-
ing themselves with the likelihood of a vehicle me-
chanical fault occurring, are not concentrating on
the task at hand. In the worst case, a perception of
unreliability can lead to non-use of expensive
equipment assets because management leave vehi-
cles sitting idle.

Such an expectation by personnel of ultra-reli-
ability is not unfounded. Consider, for example, the
modern household television or refrigerator. This
equipment can operate for decades without suffer-
ing a catastrophic failure. Modern radios found in
almost every household can be used for hours every
day over a period of years, without a single failure.

Another example comes from Richard W. Price
(Army Logistician, 1999), who gives the example of
the Single-Channel Ground and Airborne Radio
System (SINCGARS). He stated that at the time of
his example in 1999, SINCGARS had achieved a re-
liability of 3,000–3,500 hrs MTBF. Thus, reliability
increased two-to-threefold over the original re-
quirement of 1,250 hrs MTBF. At the time of writing
this book, according to one of SINCGARS European
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sales agents, SINCGARS reliability has now in-
creased to a MTBF of 5000 hrs, a fourfold increase
over the initial requirement of 1,250 hrs, which the
radio originally failed to meet! This very clearly
highlights the potential increases in reliability that
are possible over time through both engineering
changes and technological improvements.

Richard Price also discusses the MMBF (Mean
Miles Between Failure) of the M1 Abrams Main
Battle Tank. This vehicle achieved 304 MMBF for
Block 1 vehicles and, despite increasing complexity
for the Block 2 M1A2 design, the MMBF was in-
creased through engineering to 419, an improve-
ment close to 40%. 

As you can see, reliability as the normal state
for equipment is a reasonable expectation for mod-
ern operators.

When we consider reliability in the context of
our overall fleet, there are implications related to
value for money and cost effectiveness. It is, there-
fore, important to note that a fleet reliability of
66%, for example, can be viewed as equivalent to ef-
fectively having one-third less vehicles actually
serving in our fleet. In a large fleet, this can be tens
or hundreds of individual units unavailable at any
given point in time. This equates to a large amount
of the original purchase capital, possibly tens of
millions of dollars or more, sitting idle over the life-
time of the vehicles. Even if a high average daily re-
liability can be achieved — for example, 90% in a
fleet of 100 vehicles, each worth $200,000 — the un-
available 10% is a total of $2,000,000 of assets effec-
tively wasted each and every year over a 20–30 year
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lifetime, or $60,000,000 over a theoretical total 30-
year lifetime of the fleet. Thus, if we can increase
the reliability of our fleet by even a small 5%, we
will save $30 million over the lifetime of the vehi-
cles. Fleet availability improvements achieved at
less cost than this amount can be said to be cost ef-
fective. Obviously, the scale of such cost-benefit de-
pends upon the type of depreciation you use on your
fleet and the method you use to determine the us-
able life of each vehicle, and how far into the lifecy-
cle your vehicles are at the time of improvements.
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I m p l e m e n t i n g  R e l i a b i l i t y
I m p r o v e m e n t s

The ideal method to achieve ultra-reliability is
always for manufacturers to design for reliability
from the outset of a new vehicle program. A very
simple example — failures caused by corrosion or
rust — can be eliminated at the design phase
through the judicious use of sealing products.
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In many cases, an intentional design failure can be incor-
porated into an expensive component, whereby a sacri-
ficial element is included to prevent subsequent failure
of a more expensive component. Sacrificial elements are
rarely acceptable in road vehicle design because they
can be used as a way to avoid having to resolve engineer-
ing flaws. However, in some other areas of transportation
they are essential, such as the use of sacrificial anodes
on the propeller shafts of seagoing vessels. The impor-
tant components in such instances are protected from
degradation by electrolysis causing current to more
readily flow away from sacrificial zinc anodes, degrading
the anode instead of the propeller shaft, and thus ensur-
ing the reliability of the critical component.



Over the past few decades, companies striving
to improve their products have also found that de-
signing for reliability is much less expensive than
redesigning products to improve reliability at a
later date.

Contrary to popular perception, the Tiger tank
in World War II was not significantly less reliable
than its predecessors. However, a lack of designing
for reliability was demonstrated in certain areas of
its engineering. For example, asphalt roads tended
to rapidly wear out the inner road wheels. Of itself,
this issue may have been difficult to reduce and was
bad enough alone, but it was even further com-
pounded. The design of the vehicle was such that an
inner wheel change was also a very difficult task re-
quiring at least 1 days’ work for an experienced
crew. Therefore, the rapid failure of this part on 
asphalt roads demonstrated a lack of design for re-
liability, which was compounded by a lack of design
for maintenance regarding the replacement time
for this component.

For vehicles already in service, however, there
is little alternative but to improve reliability on the
existing platforms through a program of in-service
modifications and upgrades. By focusing on the
most commonly failing components or assemblies
on a vehicle, and replacing or modifying these first,
followed by the next most commonly failing items
and so on, the reliability of the overall platform can
be incrementally improved. Nothing in life is per-
fect, however, and this system of improvements has
its drawbacks. It is often prohibitively expensive; in
my experience, it can also be agonizingly slow. It
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can also lack the corporate level support that would
be present for a defined vehicle upgrade project that
has a clear beginning, end, and cost. On a large fleet
of vehicles, if there are common failures of a rela-
tively minor part, the costs of redesigning the 
component and fitting the modification to every 
vehicle can quickly add up.

A decision will have to be made as to whether
modifications for improving reliability, or indeed for
other reasons, will be carried out: 

  1.   Completely in-house
  2.   Supplied by the vehicle manufacturer, but

                fitted in-house
  3.   Supplied and fitted by the vehicle

                manufacturer

Each option has advantages and drawbacks re-
garding cost, time, and—significantly—responsibil-
ity for subsequent unforeseen failures on the altered
design. Sometimes the level of expertise or research
budget in your company will restrict the options you
can pursue to 2 and 3 and your preferred method of
proceeding may not be the ideal choice.

Limitations in either the financing available
for modifications, or the facilities available, have
led a number of modern military organizations to
operate a home fleet of training vehicles and a 
second operational fleet of the same platforms. The
second fleet have been fully kitted out with the var-
ious expensive extras and modifications necessary
in theatre, whereas the home fleet just have the ba-
sic equipment. Avoiding the requirement to fully
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equip all vehicles with the most expensive modern
ancillaries keeps the costs of kitting-out or upgrad-
ing the vehicle fleet to a minimum. Although this
can reduce costs, it is important to ensure that op-
erators are not being trained on vehicles that are
fundamentally different in aspects such as weight
or operator positions. Dependent upon the scale of
differences between operational and non-opera-
tional vehicles, there is something even more signif-
icant for our operations — vehicle maintainers
trained on a home fleet and sent to different loca-
tions worldwide may not be sufficiently familiar
with all the systems on the operational fleet — so as
to ensure the most effective and speedy mainte-
nance in theatre. 

Operational planning delays and problems
can also result when there are too many differences
between variants of the same vehicle platform.
Lower specification vehicles at home cannot easily
replace those abroad which have been damaged or
lost operationally.

Military mission profiles are expected to
change for many nations over the coming decades.
Therefore, it is essential that fleet managers and
organizations develop methods to improve the over-
all reliability of their vehicles. Defense industries
have to strive to develop ultra-reliable vehicles and
products. Such developments are needed to remain
competitive and to meet their customers’ increasing
demands for vehicles to have smaller logistics sup-
port requirements during operations. Unfortu-
nately, as is often the case with such matters, one of
the biggest obstacles to new procedures and prac-
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tices can be an organizational resistance to change.
In many cases, vehicle manufacturers have a vested
interest in not completely eliminating failures —a
significant portion of their sales is comprised of
spare parts and after-sales support.

The road to ultra-reliability on any vehicle be-
gins with the component manufacturer furthest
back in the supply chain, through the engineering
departments of vehicle manufacturers, and on to
the end users and maintenance managers who
must strive to pursue reliability enhancing modifi-
cations to the vehicles they already operate.

The introduction of a reliability-focused and
driven maintenance system can ultimately stabi-
lize vehicle failure rates and downtime. Vehicles
are required to do what they need to do when they
need to do it. The only way to achieve this goal
through vehicle maintenance is by resolving poten-
tial issues prior to them becoming failures.

Failures of vehicles are often seen by both the
vehicle operators and the management of an organ-
ization as mechanical problems with solely me-
chanical resolutions. More often, however, improv-
ing future reliability can involve identifying other
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No physical asset operates flawlessly forever. In
most organisations, breakdowns are the norm. Quality
and productivity losses are high…Since the majority of
these deficiencies are manifest as equipment-related
problems, for example, breakdowns or maintenance-
related corrective actions,maintenance is too often
blamed for all problems…In truth the reasons for these
inherent problems are shared by all functional groups. 

(Mobley, 2008)



root causes of failure. Such causes may be misuse of
vehicles or non-implementation of proper proce-
dures by the operators or end-users.

Nearly three quarters of all accidents are due to
the action (or inaction) of human beings. 

(Narayan, 2012)

Any investigation into a recurring fault must
begin by reviewing the circumstances prior to a ve-
hicle being declared unserviceable or off-road. It
must take account of the operating context, that is,
the physical environment and the demands made
upon the vehicle by the operators. The overall usage
profile of the vehicle must also be taken into consid-
eration.

In medium to large fleet sizes, it is not unusual
for some vehicles to be used in a role for which they
were never originally designed. This will have a
subsequent direct effect upon their condition and
maintenance state. Vehicle failures due to misuse,
inappropriate tasking, or lack of care by operators,
are forms of forced deterioration of the vehicle — as
opposed to natural deterioration. These types of
failures should be avoided because resolving them
is an inefficient use of resources. They are also a
waste of the original precious purchase capital
while the vehicles are not operating. In addition,
they draw on a disproportionate chunk of the main-
tenance budget because they require reactive main-
tenance post failure. In some cases, it may be more
cost effective to simply sell off vehicles which are
being regularly used for an unintended purpose and
use the money generated to facilitate the purchase
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of a smaller quantity of fit-for-purpose vehicles. De-
spite the lower number of new fit-for-purpose vehi-
cles bought using the proceeds of the sell-off, these
will often ultimately perform the required tasks
more efficiently. They will also do so while reducing
the draw on the maintenance budget.

In many organizations, the majority of main-
tenance work is wholly reactive, i.e., repairing vehi-
cles as they fail. In many cases, this is because ve-
hicle analytics are not being used; accurate records
are not being kept on the causes of either unique
failures or repeatable failures, and also on when
such failures occur. Without this information, it is
exceedingly difficult to identify a starting point for
good planned preventive maintenance.

Hence we reach a conundrum of failure analy-
sis; In order to have a theoretically perfect mainte-
nance system, we must analyze failures to identify
where to improve. But in a perfect maintenance
system, we will not have sufficient failures to pro-
vide the required data to pursue any comprehen-
sive improvements. In most organizations, a per-
fectly functioning maintenance system causing a
lack of failure data is certainly not the issue they
have to worry about!

There are many proponents of data collection
on failure rates through the direct testing of rele-
vant vehicle components. If this type of testing is
being used, it must not be carried out solely in an
engineering lab environment. I have experienced
such testing of vehicle components in the engineer-
ing test environment, where the same components
that passed bench testing by a significant margin,
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and were apparently ready for use, then suffered
rapid disintegration while put through practical
evaluation when fitted to a vehicle. This was de-
spite apparently successful bench testing and a rec-
ommendation from a manufacturer to proceed with
full fleet-wide installation. 

The only accurate way to determine component failure
rates on your fleet is to record failures as they occur in
actual usage of the vehicles.

This recording of failures as they occur in op-
eration of your vehicles allows additional opera-
tional factors, such as indirect loadings, vibration,
and driver induced wear, to be accounted for in the
recorded data.

By implementing a maintenance system
driven by prevention and reliability improvements,
rather than reaction, it is possible to reduce the oc-
currence of more significant failures that can ulti-
mately prove more expensive and time consuming
to resolve. 

...not enough attention was paid to
maintenance…This situation led to the Panzers be-
ing in action for so long that they were either totally
lost or small mechanical problems left unattended
degraded to where major repairs were needed in the
Werkstatt and they fell out for a longer period….
sufficient examples have occurred as to how
detrimental this can be on the vehicles.          

(Friedli, 2011)
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A fully functioning preventive maintenance
system can also significantly reduce the quantities
of spare parts holdings, as it becomes possible to
predict when parts will be necessary. Being able to
accurately plan when to replace components on
your vehicles allows you to order spare parts only as
they are required. When fully implemented, pre-
ventive maintenance can lead, over time, towards a
state of maintenance excellence, reducing overall
failure rates, reducing total life costs, and ulti-
mately increasing vehicle lifespan. An increase in
vehicle reliability will also improve the safety of the
personnel using the vehicles. Promoting a greater
awareness within your organization of the impor-
tance of preventing vehicle failures imbues a sense
of ownership among the personnel. Your personnel
need to realize that care of equipment and perform-
ing routine inspections is a vital part of improving
availability. Inspections carried out by vehicle oper-
ators, and more comprehensive inspections by me-
chanics, must have the aim of identifying imminent
failures on vehicles, and not simply seeking faults
that have already occurred. 

Preventive maintenance systems require the
replacement of components prior to the completion
of their useful life. There are direct costs involved in
implementing such a replacement system. How-
ever, the increased costs of higher replacement fre-
quency are warranted due to the savings in the op-
portunity costs of lost on-road time, which would be
otherwise caused by unplanned maintenance.
There are also opportunity cost savings caused by
reduced secondary failures throughout the life of
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the vehicle. Savings are achieved by avoiding these
secondary failures and the more expensive damage
they can cause to a vehicle. The overall aim is to
reach a level where the combined costs of preven-
tive and unscheduled maintenance are minimized.
The program can then be adjusted and improved on
an on-going basis. Generally a division of approxi-
mately 75/25 between scheduled and unscheduled
maintenance is a good initial division of mainte-
nance types, which you can then build upon.

The overall preventive maintenance program
can be broken down into different levels, based
upon the frequency of inspection of the vehicles and
replacement of parts. The exact interval between
maintenance levels, the number of levels, and scope
of work at each level is dependent upon your spe-
cific vehicle types and goals. 

Generally, there will be four levels of mainte-
nance in a preventive maintenance system and up
to five levels in a reactive or predictive system, as
shown in Figure 7-1. These are called Lines and
range from 1st Line (minor tasks) to 5th Line (very
specialized tasks).

Components that can potentially involve 5th
line maintenance are often LRUs (Line Replaceable
Units). The repair skills for this level of mainte-
nance do not usually exist in-house, except within
the largest of organizations. The number of 5th line
maintenance tasks in a preventive system are neg-
ligible because the failure types that generate 5th
line repairs — stripping and repair of a components
internal electronic circuits, etc. — are usually pre-
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vented by the replacement of the entire component
as a 3rd line task.

It is very important to consider failure distri-
bution when analyzing the failure rates of specific
components. Failure distribution is one of the key
elements of preventive maintenance; it will ulti-
mately determine the mileage interval at which you
replace parts.

What is failure distribution? It is the fre-
quency of failures occurring at different levels of
mileage because failures do not all occur at the ex-
act same mileage interval. The same type of failure
on any specific component type will fluctuate on ei-
ther side of the average mileage at which this fail-
ure type occurs. That is, one specific type of failure
might occur on average every 10,000 km, but a
number of instances of this failure will occur at a
higher mileage and some at a lower mileage. This
distribution must be taken into account when plan-
ning the usage of parts, for both preventive and re-
active maintenance requirements. It is illustrated
by the following quotation:

…if we recorded failures of 100 tires, and their
combined operational life was three million km,
what can we learn from the mean value of 30,000 km
of average operational life? In practice, it is likely
that there were very few failures within the first
5000 km or so, and that a significant number of tires
failed after 30,000 km. Hence, the actual
distribution of failures is important… 

(Narayan, 2012)
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Unfortunately in many organizations, preven-
tive maintenance does not encompass the entire
maintenance philosophy. It often never extends be-
yond routine maintenance tasks such as servicing,
which adds very little toward reducing the number
of significant failures.

A comprehensive maintenance system must
begin prior to the issue of components and spare
parts to workshop personnel. It begins from goods
inwards. Components requiring the application of
sealants or protective grease during preventive
maintenance tasks, such as through the use of the
Lanotec™ brand of protective products or many
others, can be color coded or tagged by the spare
parts stores when they are initially received from
the suppliers.

This is an adaptation of the Japanese princi-
ples of Fuguai, or F-Tagging contaminated areas on
equipment for attention. When the parts are issued
and fitted to vehicles, the maintainers apply
sealant X to parts that are color coded or tagged red,
sealant Y to parts that are tagged green, etc. The
simplicity of systems such as this can reduce on-go-
ing maintenance times and increase maintenance
simplicity. Unless there is an agreement with your
suppliers to deliver the components already pre-
marked appropriately, such systems do require
more investment in personnel within your logistic
supply systems, in order to prepare and mark the
components as required. However, when these com-
ponents are issued from the spare parts store and
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fitted to vehicles, these types of systems can avoid
subsequent oversights in the incorrect application
of maintenance caused by human error.

In Maintenance Engineering Handbook, R.
Keith Mobley describes the responsibilities of relia-
bility engineering as follows. Although the lan-
guage is specific to manufacturing equipment, the
principles are the same for all machines, be they ve-
hicles or static production machines.
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     �   Ensure maintainability of new installations (Vehicles).

      �   Identify and correct chronic and costly equipment
(Vehi cle) problems, eliminate repetitive failure.

      �   Technical advice to maintenance and partners.

      �   Design and monitor an effective and economically
justified preventive or predictive maintenance program.

      �   Proper operation and care of equipment (Vehicles).

      �   Comprehensive lubrication program.

      �   Inspection, adjustments, parts, replacements, 
overhauls, and so on for selected equipment.

      �   Vibration and other predictive analyses.

      �   Protection from environment.

      �   Maintain and analyze equipment (Vehicle) data and
historical records to predict maintenance needs.



In many organizations, the role of reliability
engineering and meeting the above responsibilities
falls squarely upon the shoulders of maintenance
management. In many organizations, human na-
ture can also often lead maintenance managers to
generate figures in such a manner as to reflect upon
their output in the most favorable light. However, if
the principles covered throughout this book are im-
plemented, solid and tangible improvements can be
achieved with accurate figures being generated for
maintenance rates, which will be confirmed by def-
inite budgetary savings.

Finding the time to carry out all the necessary
tasks for a complete review of a maintenance sys-
tem, to the necessary level of detail, can be exceed-
ingly difficult in the modern high pressure environ-
ment of increased output requirements with de-
creasing resources. However, if a concerted effort is
made to improve the maintenance system and move
towards a significant proportion of preventive
maintenance, there are tangible long-term benefits
to the organization, in both operational and finan-
cial terms, along with an improved through-life con-
dition and better availability/reliability of the fleet.
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E f f i c i e n c y

When a given output requires less input in
time, energy, or raw materials, it can be viewed as
being achieved more efficiently.

Although we talk a lot about efficiency in busi-
ness these days, what we are really discussing is
the monetary gains that can be made due to the re-
ductions in time wasted. These monetary gains can
be significant.

Efficiency is a much maligned word. This is
not because bringing about tangible efficiency im-
provements is impossible or exceedingly compli-
cated. In fact, these benefits are sometimes not dif-
ficult to achieve. However, in the majority of cases,
achieving efficiency improvements requires a sub-
stantial investment. Not just financial investment,
but also investment of effort and time. A deter-
mined effort is required initially to evaluate where
the biggest gains can be made; this evaluation must
then be followed, as necessary, by the expenditure
of precious funding to achieve those gains.
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However, improving efficiency is often viewed
as a means to improve outputs and results without
financial investment. In most cases, this goal is
simply not realistic. In modern fleets, free improve-
ments alone are often neither practical nor viable if
you wish to make significant efficiency gains. In
most cases, financial investment is a prerequisite to
the greatest efficiency improvements.

Incremental efficiency improvements can be
achieved by supplying better or more suitable
hand-tools and personal equipment, or by improv-
ing organization in the workshop. The provision of
tools that improve efficiency, such as impact
wrenches, can have a cost-benefit return for the
maintenance operation as they reduce turnaround
time.

Frustrating circumstances in maintenance such
as a lack of proper tools, delays and unreasonable
pressures, can all combine to cloud judgment and
emotion.                             (Reason & Hobbs, 2003)

Of course, certain efficiency gains can be made
in the overall maintenance system through non-fi-
nancial methods. Increasing the output of mainte-
nance staff by improving their motivation is one
such example. An increase such as this will often be
driven by loyalty to a maintenance manager and
are often short-term increases, which are difficult
to maintain. They can also be driven by financial in-
centives, although financial incentives are a clear
cost in themselves. Note that constant pressure on
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staff simply to work faster can lead to errors and
raise safety issues.

Efficiency is fundamentally about the use of
time, where small savings each day can accumulate
to become enormous time and, hence, financial sav-
ings in the course of a year. For example, let’s take a
workshop with ten maintenance teams, each team
consisting of two mechanics. If the individual me-
chanics each increase their hands-on tool time
(HOTT) by ten minutes per day, a total saving is
achieved of 16.5 hours per 5 day week, 66 hours per
month or nearly 800 hours (equivalent to 100 x 8 hour
days) extra maintenance being conducted per year.

In the days before the steam engine, we used hu-
man or animal power to carry out work. The steam
engine brought additional machine power, enabling
one person to do the work that previously required
several people. As a result each workers output rose
dramatically. The value of a worker’s contribution,
as measured by the number of items or widgets pro-
duced per hour, grew significantly. 

(Narayan, 2012)

Initially small increments of time can be saved
by ensuring the ready availability of tools and
equipment, spare parts, accessible vehicle parking,
etc. The methods to save a few minutes each day in
an average workshop are as varied as they are nu-
merous.

Reducing the time taken up by indirect or sup-
port tasks (tasks that do not directly contribute to
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the end goal) and maximizing the effectiveness of
the time spent on direct tasks (tasks that directly
progress towards the aim of turning over vehicles)
is the key to improving efficiency. In the case of
maintenance, indirect tasks are all those either be-
fore or after hands-on maintenance that occur when
a vehicle is not available for use.
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I once worked with a company that had an
employee carpark situated approximately
200 m from the business entrance. There
were approximately 100 employees walking
between the building and carpark a mini-
mum of twice per day (morning and
evening). Taking a conservative estimate —
not accounting for delays and personal in-
teractions between the carpark and busi-
ness — a total of 2 min per person was being
lost each time an employee had to walk to or
from the carpark. This amount potentially
totalled 400 min per day, 33 hrs per week or
1716 hrs per year in lost work time. At an av-
erage of $24 per hour, the loss was over
$40,000 per year. By relocating the employee
parking area to immediately outside the en-
trance (simply by rearranging some fencing
and signage), this time loss was significantly
reduced.



Some indirect tasks are as follows:

Recovering vehicles to a maintenance facility  
The physical location of your maintenance fa-

cilities, respective to the vehicle operating loca-
tions, is key to improving the efficiency of your ve-
hicle recovery tasks. In civilian organizations, you
might establish a network of associated companies
in your operating zones with a like-for-like, on-call
repair service and facility, whereby you repair an
associated or subsidiary company’s vehicles at your
locations, in exchange for them repairing your vehi-
cles in their country or state. Such agreements are,
however, unlikely amongst direct competitors. Con-
tracting companies for on-call emergency repair
and maintenance is also used in many cases. Or-
ganizations such as the AA in the UK or AAA in the
United States are examples of this type of service,
although there are many others that specialize in
commercial vehicles.

In Chapter 7, I listed the five potential levels
of maintenance. In a large organization, the main-
tenance infrastructure can be spread out over a
number of different locations using what’s called a
3-Level maintenance system. Every location or
workshop will usually conduct Level 1 and 2 main-
tenance tasks. This can be known as 1st and 2nd
line maintenance. 3rd line tasks and higher, 
however, will often be centralized on a single site.
4th and 5th line tasks may be on a single site or sub-
contracted off site to a third party.  

Usually all 3rd line repairs (and higher) are
conducted at a single location. Due to the less fre-
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quent occurrence of the more significant types of ve-
hicle failures, it is almost impossible to maintain
the skills currency of a widely disbursed mainte-
nance staff for all such tasks. Conducting all 3rd
line repairs at a single location also frees up the 2nd
line maintenance staff for all of the less significant
local repair tasks. Staff in most locations can there-
fore carry out a higher number of Level 1 and 2 
repairs. In addition, centralizing all 3rd — or
higher — line maintenance tasks, ensures that
there is no requirement to purchase the equipment
for higher level maintenance at every workshop lo-
cation. Higher level maintenance management
based at the main workshops, are also better able to
maintain an awareness of the occurrence of more
significant vehicle faults on the total fleet.

To summarize, in a 3-Level maintenance sys-
tem, the vehicle operators conduct Level 1 mainte-
nance tasks. At numerous workshops the majority
of an organizations maintainers will conduct Level
2 or 2nd line tasks. A limited number of personnel
in a single centralized location will conduct the
level 3 tasks. In military organizations, the reduc-
tion of recovery and repair times is largely depend-
ent upon the chosen maintenance system. Suffice it
to say here that in a 3-Level system, inefficiencies
due to recovery and movement time are unavoid-
able. The availability of a sufficiently sized recovery
capacity for your total fleet is important. The quan-
tity and locations of recovery vehicles is also impor-
tant. Sufficient recovery services which will avoid a
long wait for recovery when a vehicle breaks down,
or avoid delays in vehicles being picked up and
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transported to the nearest maintenance locations
are also important. 

The recovery drawbacks of a 3-Level mainte-
nance system can be rectified to some extent by
switching to a 2-Level system — discussed in Chap-
ter 12, Types of Maintenance Systems. In a 2-Level
system, you invest the required resources to enable
every maintenance location to conduct 1st, 2nd, and
3rd line maintenance tasks. However, such a switch
may involve substantial investment.

Fault finding on the vehicle 
Time spent awaiting review of vehicle prob-

lems and for faults to be diagnosed are also ineffi-
ciencies that are necessary, but which delay direct
repair tasks. In Chapter 12, Types of Maintenance
Systems, we discuss the inefficiency of mainte-
nance backlog. Fault finding and diagnosing a vehi-
cle’s problems can eat up precious time and con-
tribute to backlogs. The maintainers’ familiarity
with a vehicle platform can reduce this time, but
this is dependent upon the maintainers becoming,
at best, specialized in a particular vehicle platform
or, at least, familiarized with the particular plat-
forms they are often working on in any multi-type
fleet. With limited numbers of maintainers or a lim-
ited quantity of a particular vehicle type in service,
familiarity with every vehicle type can be challeng-
ing to achieve, because the individuals do not get
sufficient time repairing each vehicle type.

Richard Price gives the example of vehicles be-
ing designed for maximum use of modular replace-
ment. His suggestion leads us to see modular 

E f f ic iency

231



replacement as an alternative or extension to Line
Replaceable Units (LRUs). Modular systems taken
to an extreme may one day allow assembly of vehi-
cles in a LegoTM-like fashion. Vehicle diagnostics,
which are used by operators at 1st line, will simply
indicate the module number to be replaced. The un-
serviceable module can be replaced and returned to
the second 2nd line location, where it is diagnosed
in detail and repaired while the vehicle continues
operating with its new slot-in or plug-and-play re-
placement module. Such a system may seem too
good to be true. It would require a sea-change in the
philosophy of vehicle design and manufacture by
commercial manufacturers and the industrial de-
fense complex, but it would hugely reduce the turn-
around time of vehicles during use. On a simpler
level, the availability of sufficient quantities of
fault finding equipment, such as diagnostic units,
can also save time.

Spare parts supply 
Spare parts supply inefficiencies are perhaps

one of the most significant consumers of time in any
maintenance system. The inefficient supply of
spare parts can also be incredibly frustrating to the
staff on the maintenance side of an operation, from
the individual mechanic to management level. The
supply of spare parts suffers from the contradiction
that the raison d’être for these parts is to be avail-
able for maintenance. Yet they often have a high fi-
nancial value and must be accounted for and issued
carefully, which can contradict the need to simply
ensure they are issued as quickly as possible. 
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Further complicating the spare parts situa-
tion, in some cases, is the erroneous belief by ac-
countants that a spare parts system can be meas-
ured and reviewed solely according to the monetary
value of the stock holdings. This often manifests it-
self in an attempt to reduce stock holdings in order
to make the maintenance account look less expen-
sive on paper.

It is true that there are costs associated with
holding spare parts. These include storage space,
heating, rent, building depreciation and mainte-
nance, materials handling vehicles, office equip-
ment, fuel usage, purchase tax for buildings and
equipment, insurance, wages of stores personnel,
depreciation and degradation of spares in storage,
and stores management. These costs are well cov-
ered in a variety of logistics literature, but they
alone do not paint the full picture.

There are correct methods by which to reduce
spares holdings, such as switching to a preventive
maintenance philosophy, reducing overall fleet size,
or retiring a particular vehicle type. However, at-
tempts to reduce spares holdings are not always
due to a comprehensive evaluation of failure rates,
demand profiles, and ancillary costs. They are often
driven simply by a wish to reduce the total paper
value of the stock holdings, which inevitably occurs
at the expense of maintenance timings and fleet
availability rates. The attempts to reduce stock
holdings also often fail to account for the original
capital expenditure in the setup of the spares estab-
lishment, which cannot be recouped by a reduction
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in total inventory. Unless a present stores building
and staff are going to be fully eliminated by a reduc-
tion in spares holdings, then reducing the inventory
of in-service parts, which results in a building not
being used to maximum capacity, is actually in-
creasing inefficiencies in the system. It is also in-
creasing the potential delays in the delivery of parts
to the vehicle maintainers, which are no longer be-
ing held as part of the in-house inventory.

In addition, it can sometimes be more econom-
ical to hold larger quantities of spare parts, which
can be purchased cheaper at the expense of a longer
lead time, than to buy the same parts from a more
expensive short LTTA supplier. An organization’s
accounting department will often not realize these
details. They will also not realize that every spares
purchase transaction an organization has with a
vendor costs money in the form of administrative
costs. Simply purchasing the cheapest spare parts
is not sufficient in order to compensate for these
costs. A sufficient quantity of spare parts must also
be purchased in each transaction. Purchasing
larger quantities requires more storage capacity,
but compensates for these other costs.

Good cost-saving decisions, in any aspect of ve-
hicle maintenance, requires detailed recording and
analysis of relevant data, analytics, and informa-
tion related to the maintenance system.

Facilities need to be used to maximum capac-
ity to gain maximum value for money; idle space in
a spares store is wasted capital expenditure. This
said, insufficient space can result in a higher rate of
written off spares prior to usage and increased ob-
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solescence. Thus, a middle ground between too
much space and too little must be achieved.

In a military organization, for strategic rea-
sons, there is often the requirement to hold larger
quantities of spare parts than in an equivalently
sized civilian fleet. In addition to the more rough and
intensive use of military vehicles, strategic reserves
and deployment holdings are required, as are hold-
ings of parts specific to military equipment that can-
not be purchased at short notice. This can also occur
in civilian vehicles of unique role-specific design for
specialized industry such as mining, exploration, or
forestry. There must be a combined approach to
spares supply and maintenance at all levels within
the organizational structure to ensure that the cor-
rect quantities of spare parts are being held.

The priorities of personnel directly involved in
maintenance often diverge from those of personnel
directly involved in spares management. The for-
mer prioritize turnover of vehicles in as short a time
as possible, whereas the latter can often make it
feel like a battle trying to release spare parts in a
timely fashion.

Delays of hours or days in the delivery of
spares from your stores to your workshop floor can
have a dramatic effect on maintenance turnover
times over the course of a full year. Similar to the
previous example of saving a few minutes for each
maintainer per day, what appear to be minor indi-
vidual delays in spare parts supply can have a dra-
matic effect on the fleet over extended periods of
time. The personnel involved in the spares supply
system must effectively be brought into the fold and
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made aware of their importance regarding the big-
ger picture of off-road time for the fleet and efficient
maintenance. 

Unfortunately one of the most inefficient ex-
amples of many spares supply systems is the use of
people to carry out tasks that would be better
served in the modern day by machines. One of the
most common examples is the use of human 
“pickers” to retrieve stock from individual storage
bins on shelf units and forward the stock for distri-
bution. Such a system is labor intensive and ineffi-
cient. Modern technology allows the use of pick-
and-place robots operating at a much higher speed
than humans to retrieve goods. Of course, there are
disadvantages to the use of pick-and-place systems,
primarily the additional space requirements and
capital investment cost. However, for larger main-
tenance operations, these disadvantages are com-
pensated for by the significant improvement in
stock retrieval. Another significant consideration of
automated systems is the requirement for stan-
dardization of item sizes, although there are ways
around this by placing an individual staff member
into the delivery cycle to remove individual items
from larger bins, or incorporating different types of
storage methods.

If a maintenance site is co-located with the
spare parts store, the entire requisition and deliv-
ery process can be semi-automated from the indi-
vidual mechanic on the workshop floor, in a com-
plete loop, back to the mechanic, as shown in Figure
8-1. Implementing a pick-and-place robot system is
expensive and requires a significant amount of floor
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space in the spare parts stores. As such, it is not vi-
able for small fleet operators and only suitable for
operators of large maintenance facilities.

…it is interesting to note that the large carri-
ers using computer-controlled systems have
lower and generally more uniform inventory val-
ues than those companies using Cardex or bin-
control systems.       (Dolce, 2009)

Such a system can be achieved by each work
bay having a terminal allowing the requisitioning
of parts by the mechanic. Upon the click of a button,
this list is instantaneously forwarded electronically
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Figure 8-1, Spare parts semi-automated ordering process.



to the terminal in the workshop foreman’s office for
approval; from there it is forwarded electronically
to the store manager for issuing approval. The sys-
tem then activates a pick-and-place robot, which re-
trieves the parts and transports them directly to
the relevant work bay.  A system such as this can re-
duce the spares supply lead times within a large or-
ganization to minutes as opposed to days. If a re-
quested part is not in stock, the system adds it to a
daily print list of parts for purchase; the lack of im-
mediate availability is instantly flashed up on the
screen of the requisitioning mechanic to keep every-
one informed.

In the case of different workshops which are not
located on the same site, the system picks the parts
and deposits them in a collection zone from where
they are shipped or collected by conventional means
as required. Such a system does require significant
investment. The spares store must never be allowed
to lack sufficient capacity for the required quantity
of parts holdings; otherwise, manual picking of parts
from non-automated spill over stores will be re-
quired, defeating some of the investment benefit in
an automated system.

Modern technology facilitates huge efficiency
gains, but imagination and foresight are required
in order to instigate and push-through the neces-
sary cultural and practical reforms. Spares delivery
systems are often an area allowing the greatest po-
tential efficiency gains for the entire maintenance
system. They should be considered in detail when
reviewing efficiency.
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Movement of vehicles between repair facilities  

The movement of vehicles between different
levels in the maintenance system is discussed ear-
lier in this chapter and in the Chapter 12, Types of
Maintenance Systems , regarding the 2-Level and 3-
Level systems of maintenance. More specific to mil-
itary systems, vehicles may have to move between
different types of repair facilities to undergo main-
tenance regarding the different and unique systems
fitted to an individual platform. These different 
areas, such as mechanical and communications, can
often overlap significantly due to the increased use
of electronics in a modern vehicle. There are practi-
cal drawbacks in failing to locate maintenance func-
tions within a single site — or preferably a single
building — where it is easier for maintainers to 
discuss issues and offer assistance across spatializa-
tions as required. Ensuring that maintainers 
working in different specializations are based in the
same location, allows the ready discussion of techni-
cal issues. This avoids your personnel having to
communicate between independent and physically
separated maintenance sites or workshops. 
Locating different maintenance specializations can
reduce the time to resolve difficult technical 
problems and help progress the pursuit of mainte-
nance improvements.

Movement of vehicles back to operators  
The movement of vehicles from a maintenance

location back to the operators or end users intro-
duces delays in a similar fashion to the recovery of
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the vehicle upon initial failure. The reduction of
this time is facilitated at a strategic level, through
a review of the geographical placement of mainte-
nance facilities with respect to operating locations
for the vehicle fleet or its elements. In addition to
the inefficiencies of time being lost by having a
badly located maintenance structure in your com-
pany, there are also costs involved in the form of
fuel usage, which can be significant over a period of
years or decades. The cost-benefit due to separate
maintenance locations again ties into the overall
type of maintenance system being used.
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E v a l u a t i n g  T h e  M a i n t e n a n c e  S y s t e m

The ratio of maintenance cost to total operating
expenditure can be quite high, ranging from 10 to
40%. As a result, this item of expenditure attracts a
great deal of attention. People do not always recog-
nize the contribution of maintenance in improving
short-term and long-term profitability, but are
invariably quite aware of its costs. (Narayan, 2012)

Military vehicles will tend to comprise a larger
number of sub-assemblies than their civilian coun-
terparts, again due to their usage profiles and wide
variety of required capabilities. It is obviously im-
portant to recognize that the amount of time vehi-
cles spend being maintained is time that they are
not being used for their intended purpose. There-
fore, the overall maintenance system must be set up
to get vehicles repaired and back to their operators
in the shortest amount of time possible. To achieve
this aim, each organization should have its own
dedicated maintenance system that best suits its
requirements and organizational setup. However,
in all organizations, there should be a maintenance
management manual available that covers all of
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the facility procedures, scheduling arrangements,
responsibilities, information collection and review
systems, and other key aspects of how the organiza-
tion’s maintenance facility operates and interacts
with your fleet. It ultimately is a manual for how to
run the fleet maintenance facility or facilities. Such
a manual prevents any lapse in efficiency should
any key individuals drop out of the system for a pe-
riod of time, due to illness or any other reason. This
manual can also be used as a start point when eval-
uating the entire system, and identifying which ar-
eas to improve.

We need to ask “Why?” Why are we con-
ducting maintenance? Is it to prevent a future vehi-
cle failure or to resolve a present failure?

We also need to ask “What?” What tasks
and maintenance should we carry out? Should we
complete the minimum necessary tasks to return
our vehicles to service, or should we also conduct
additional maintenance to reduce the likelihood of
recurring faults?

We also need to ask “When?” When is the
best time to bring a vehicle in for maintenance? The
answer is dependent upon the expected timeframe
for completing the expected maintenance tasks, be-
cause we need to minimize the effects of availability
issues on both operations and the state of the over-
all fleet. We also want to avoid creating unneces-
sary maintenance backlog.

Although the recommended maintenance
schedule from a vehicle manufacturer can serve as
a starting point for our maintenance routines, the
schedules provided are usually understandably
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generic (i.e., not customer specific). Such recom-
mended maintenance schedules do not focus on ve-
hicle components and assemblies suffering in-
creased wear specific to your individual organiza-
tion operating that vehicle. The importance of hav-
ing the most effective and efficient maintenance
system, designed around your own company’s
unique usage profile and requirements, is equally
valid for commercial and military vehicle fleets.

Because vehicle availability can be dramati-
cally affected by the quality of the maintenance be-
ing carried out, we must be able to define the over-
all quality of the maintenance system. Quality can
be calculated as follows:

This quality percentage can be calculated over
a given time period by limiting the value for No. of
Vehicles Repaired to your defined time, such as the
maintenance quality within the past month, past 6
months, past 2 years, etc.

The number of failed repairs can be defined
as vehicles that became unavailable for use, again
within a specified time limit, due to a repeat fail-
ure of a repaired assembly. A reduction in the qual-
ity of the maintenance system can be caused by
substandard parts or maintenance error, among
other reasons.

For example, if a component is repaired and
the MTBF for the repaired component is expected to
be 10,000 km, a failed repair could be defined as a
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failure occurring within less than 10% of the MTBF.
Hence, if this component fails again on the same ve-
hicle within 1000 km, it will be considered a failed
repair. If an examination indicates that the root
cause of this reoccurring failure can be pinpointed
to a source different than the original repair, then it
may or may not be discounted depending upon your
own standardized definition for a failed repair.
When establishing your time period for a failed re-
pair of a particular component, it is important not
to change the definition until a sufficient period of
time has passed to gain an average failure rate.
Consistency is required in your recorded data in or-
der to benefit from it. If there are 0% failures ap-
pearing after a reasonable monitoring time, then
the failed repair time can be increased. If there are
0% failures appearing after a reasonable monitor-
ing time, then the failed repair time can be in-
creased. This monitoring time will be unique to
your fleet usage profile. Although as the items on
the extremities of the failure frequency of occur-
rence begin to suffer faults, we would obviously ex-
pect to observe failures more quickly in a larger
sized fleet.

Highlighting such repeated failures is impor-
tant and can show mechanical areas of a vehicle
platform that require in-service modifications to re-
duce failure rates and generate future maintenance
cost savings. It can also highlight training issues
with either your vehicle operators or maintenance
staff. There are many other reasons that may be
causing such failures to occur, such as low produc-
tion quality on particular components. But if you
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are not aware of the repeat failures, you cannot
identify the cause or take action to mitigate the
damage and costs being incurred. Quality issues
could potentially lead to a requirement to find alter-
native suppliers for the relevant parts.

In addition to calculating the quality of the
maintenance system as described, it is also neces-
sary to calculate the Mean Time To Restore (MTTR)
your vehicles for each of the major individual faults
on that vehicle type. MTTR should be calculated us-
ing the total time from when the vehicle went un-
serviceable up to the time it was again serviceable. 

  

Each vehicle sub-assembly will obviously suf-
fer from wear (direct or indirect) and require pre-
ventive or remedial maintenance throughout the
lifetime of your vehicles. In many cases, with the
ever more widespread integration of vehicle diag-
nostics across various sub-assemblies, modern ve-
hicles are often no stronger than the weakest link.
They tend to self-diagnose and switch into a limp-
home or safe mode if a single major sub-assembly is
not operating correctly. To avoid expensive and ex-
tensive damage to major vehicle systems, such di-
agnostic linked protective systems are often exceed-
ingly complex on modern vehicles. While saving
money on larger repairs, they can in certain cases
cause almost as much vehicle downtime on an an-
nual basis as genuine critical, evident, or functional
failures. These factors contribute to modern mili-
tary and commercial vehicles often being mainte-
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nance intensive. High maintenance requirements
can then be compounded by the intensive and often
rough usage profile of vehicles during military oper-
ations and also the learning curve of both operators
and maintainers of new vehicles.

In order to keep both new and serving vehicles
operating at maximum efficiency and effectiveness,
the maintenance structures of an organization have
to be set up to operate as efficiently as possible. The
maintenance structures should be modified to facil-
itate any increase in fleet size due to each new ve-
hicle purchase, and to facilitate the increase in
workload and turnover times due to initial learning
curves with new vehicles. Maintenance systems
also need to operate efficiently in the best possible
way across the entire selection of vehicle types in
the total fleet.

The evaluation of a maintenance system must
begin prior to vehicle breakdown; it must identify
methods to reduce the demand for maintenance
through better care and use of vehicles at an opera-
tional level. A high standard of basic cleanliness of
vehicles both internally and externally allows mi-
nor faults to be identified and rectified early, before
they devolve into more serious issues.

Fundamental to being able to achieve a smaller
logistics footprint, of course, is a major reduction in
demand for logistics through advances like signifi-
cantly improved reliability of our equipment and
more fuel efficient vehicles.        (Stevenson, 2002)

There are different ways to set up and operate
a large maintenance infrastructure, but the overall
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maintenance system must be driven by the vehicle
availability requirements as determined by a par-
ticular organization’s needs.

The maintenance capacity of an organization
will facilitate or restrict the desired on-road avail-
ability percentage, but it should not be seen as
defining the requirement. This is a common mis-
take made by non-technical management, who of-
ten believe that the maintenance system is a static
inflexible function. This approach to vehicle avail-
ability is effectively coming at the problem from the
wrong direction.

The on-road vehicle availability percentage re-
quired within your organization — for example,
whether 50% or 90% on-road availability is re-
quired — is defined by your organization based first
upon its operational and training needs. Only after
the required percentage is defined must the main-
tenance structures be analyzed, designed, and mod-
ified to meet the required turnover of vehicles. In
this way, we facilitate the necessary on-road per-
centage. As the necessary percentage increases, the
costs involved in its achievement increase. If the to-
tal capital investment cost to the maintenance in-
frastructure is excessive in order to achieve the re-
quired availability (or impossible based upon fleet
size and failure profiles), we look at balancing
maintenance investment with alternatives such as
additional vehicles in order to reach our goal.
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It is important to note that brand new vehicle
types in our fleet will take longer to repair while
maintenance personnel are being familiarized with
the new platform. Vehicles will also be withdrawn
for repair more often while operators are familiar-
izing themselves with the correct operation and the
techniques to care for the new vehicles. Building a
culture of care for new platforms tends to take place
over a period of years rather than months. This fac-
tor presents a problem for fleet operation in that it
contributes to more downtime for new vehicles.
Further compounding this problem are any intro-
ductory issues surrounding design reliability and
component failures on new vehicles. These factors
must be accounted for when defining the mainte-
nance requirements to deal with such vehicles.

Without specific vehicle and fleet-wide de-
tails, it is difficult to simply quote a viable on-road
state for military fleets of armored vehicles or any
other fleet such as commercial tractor units. For
new vehicles operating within a fleet that has effi-
cient preventive maintenance, availability can of-
ten be up to 98%. I have previously determined in
practice that approximately 82% can be viable
given specific circumstances. However, this level is
wholly dependent, and can vary significantly de-
pending upon usage profiles, operator experience,
and vehicle types within the fleet. As such, the
level can increase or decrease significantly while
still being a realistic and viable percentage unique
to your own operations.

The vehicle availability percentage figure is
always based upon a logarithmic curve. As the per-
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centage increases, it requires a greater investment
in maintenance support to achieve the same gains
in addition to those already achieved; as it de-
creases, more benefit can be gleaned from a smaller
investment. The rate of improvement to the vehicle
availability percentage is subject to all investment
in the maintenance system being used in the most
beneficial way possible. 

The logic behind this is rather simple. A
smaller on-road percentage is usually indicative of
more and larger inefficiencies in the maintenance
system. As the availability percentage shrinks, the
likelihood of basic fundamental problems causing
such inefficiencies increases. Although they may be
expensive to resolve, fundamental large inefficien-
cies such as insufficient workshop space, numbers
of staff, and quantities of specialist equipment are
often relatively straightforward to do so. Propor-
tionate to the percentage increase in vehicle
turnover to be expected from these improvements,
and hence the improvement in vehicle availability,
the investment in these initial improvements will
give a significant return if spent wisely.

Such significant returns from any mainte-
nance investment then become more difficult to
achieve. As the biggest and most fundamental
maintenance issues become resolved, they may gen-
erate individual gains in availability exceeding
10%. However, as the overall availability percent-
age rises above the 85–90% mark, the remaining in-
efficiencies or problems, which have a smaller scope
and are more difficult to address (e.g., hands-on tool
time or HOTT issues, spare parts delivery from the
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stores to the maintainers), may be able to generate
gains of only a few percentage points each. These
latter remaining inefficiencies are also often the
ones that were left until last to address; the costs of
quantifying them and then resolving them are often
higher proportionately to said smaller gains. This
point is illustrated in Figure 9-1.

By way of an example to illustrate the point; if
a maintenance system is generating a vehicle avail-
ability of 60%, we may determine that the physical
space capacity is lacking. By investing to expand the
workshops, we can hugely increase the maintenance
turnover and the vehicle availability percentage
may jump to 80% for, say, $800,000–each 1% cost us
$40,000. In order to address the remaining less ob-
vious inefficiencies, we will need to look at more
complex issues such as HOTT. To effectively monitor
HOTT and address this issue, we may invest in clock
cards and workstation clocks for our staff at a cost of
$150,000. But the efficiency gains we can later gen-
erate using knowledge from this technology, will
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Maintenance 
Investment 

On-Road % 

Figure 9-1, Effect of maintenance investment 
on vehicle availability.



perhaps only give us an increase in vehicle avail-
ability of 3%, which will be achieved over a longer
period of time, and it will require more investment
in time to operate the system going forward. Each
1% cost us $50,000 plus the ancillary costs over the
longer implementation period. From 83%, we may
identify a lack of workshop hoists and decide to add
an additional one for $70,000; it may increase our
turnover — and hence vehicle availability — by only
1%, and so on. As we address the larger, more obvi-
ous problems, the remaining problems, which are
less obvious, are usually more complicated to iden-
tify and address; they are more expensive for the
smaller return achieved.

For a static maintenance system infrastruc-
ture, as the fleet size increases, the improvement to
a fleet’s operational state or availability percentage
that can be gained from purchasing additional vehi-
cles also decreases relative to the cost of each addi-
tional vehicle. This is because the increasing bur-
den on the maintenance infrastructure caused by
an increase in vehicles counteracts the benefit of
adding such vehicles to the fleet. At a certain point,
dependent upon fleet size, maintenance capacity,
and the required on-road availability percentage,
improving both maintenance turnover and reliabil-
ity can have a greater effect upon the overall avail-
ability of vehicles than by adding more vehicles to
an over–stretched system through new purchases.

With the average wage of a mechanic in the
United States being about $34,000 in 2012, accord-
ing to Salary Wizard Basic Market Pricing Report,
there are clear potential savings to be made by em-
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ploying additional mechanics or improving mainte-
nance performance, instead of purchasing new ve-
hicles. Such benefits can also be achieved by reallo-
cating a portion of any new vehicle funding to main-
tenance improvement.

At the opposite end of the scale is a point
where the maximum benefit to operational avail-
ability is gained from purchases, where improve-
ments to maintenance are no longer as cost effec-
tive. In organizations worldwide, there is often a
tendency to deal with availability problems by arbi-
trarily purchasing additional vehicles, without first
taking a holistic approach and analyzing if avail-
ability can better be improved by distributing a por-
tion of funds to the support systems for the vehicles
already in service. 

Ultimately, the more stretched or degraded the
maintenance system has become, the more benefit can
be gained from direct investment in that system. 

Chapter  9

252

Figure 9-2, Effect of Operator Behavior and Maintenance Cap-
acity on the percentage of vehicles off road at any given time.
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The on-road state of a vehicle fleet is also gen-
erally affected by two key variables:  1) the operator
behavior (and experience/familiarity) with the vehi-
cles and 2) the overall size of the maintenance ca-
pacity. These variables are demonstrated by Figure
9-2. The importance of these variables is not often
fully appreciated and accounted for during the daily
operation of fleets. When either of the two outer
columns increases or decreases, the central column
moves in an opposite direction. If the central col-
umn moves, then both outer columns move in tan-
dem, in the direction opposite to the central column.

If your Maintenance Capacity increases in your fleet, as
shown in Figure 9-3, the percentage of vehicles off-road
will usually decrease.
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Figure 9-3, Effect of increasing Maintenance Capacity 
on the percentage of vehicles off road.



If Operator Behavior worsens or moves negatively, as
shown in Figure 9-4, there is usually a negative effect
on availability, and the percentage of vehicles off-road
generally increases.
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Figure 9-4, Effect of less positive Operator Behavior on
percentage of vehicles off road. 

Operator
Behavior

Maintenance
Capacity

% of Vehicles
OFF-ROAD

Cause
E!ect

The diagram in Figure 9-4 does not mean that
operator experience is decreasing if the number of
vehicles off-road is increasing. However, if the per-
centage of vehicles that are unserviceable is in-
creasing, and there is no change in the maintenance
system, then there has to be change somewhere else
to account for the increase in unserviceable vehi-
cles. In many cases, the cause of such a change can
be found in the treatment of the vehicles by the op-
erators — there is likely more capacity available to
make improvements in the operator’s behavior with
regards to their use of the vehicles.



If the percentage of vehicles off-road column is moving
upwards, as shown in Figure 9-5, then both the outside
columns decrease, showing that availability can be af-
fected by a change to either or both of the other
variables.

The purpose of Figure 9-5 is to highlight that
both sides of the equation are linked to the main-
tenance state and availability of vehicles. The
quantity of vehicles off-road is not solely linked to
maintenance tasks. If the percentage of vehicles
off-road is too high, or increasing, the situation
can in most circumstances be addressed by im-
provements resulting in an increase to either or
both of the outer columns, which will reduce the
number of vehicles off-road. Likewise, a combined
approach in both the operator and maintenance
areas will likely address availability issues
quicker and more comprehensively than only im-
proving one of these two variables.
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Figure 9-5, Effect of less positive Operator Behavior and 
Maintenance Capacity on the percentage of vehicles off-road.



The quality of operator training, including the effect it
has upon the condition of vehicles in your fleet, has
been long known and must be given due consideration.
The condition of the vehicles in daily use has a direct
effect upon their availability. A high standard of
user/operator training can thus give significant
benefits to vehicle availability. 

The most important aspect of operator train-
ing is not its duration, the quantity of topics cov-
ered, or even the depth into which those topics are
covered. From the perspective of vehicle availabil-
ity, the key element in operator training is its direct
relevance to the practical operating considerations
that will arise with the daily use of the vehicles.
The syllabus for operator training should, there-
fore, include dealing with problems that have actu-
ally occurred on the vehicles during their previous
usage. Instruction on how to continue to operate a
vehicle with a mechanical issue, without damaging
the vehicle further, should be given to the opera-
tors. Such instruction and training should detail
the on-the-spot solutions or improvised remedies
and options available to drivers of malfunctioning
vehicles. Also, importantly, what courses of action
will worsen the state of the vehicle and which are
deemed inappropriate.

Detailed training of operators on the symp-
toms and remedies of proven faults with a particular
vehicle type will allow them to identify the symp-
toms of an issue when it occurs and to rectify it in a
manner that will minimize further damage to the
vehicle. This training will also give them a good ba-
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sis to identify and temporarily rectify unknown
faults, or to identify the times when it is appropriate
to cease driving a vehicle or request the assistance
of qualified technicians. Such training also gives the
drivers a greater appreciation for the mechanical
care of the vehicles and increases the likelihood that
they will cease to drive a vehicle if they cannot iden-
tify or fix a problem on the side of the road.

During the invasion of the Soviet Union by
Germany during World War II, the vast majority of
Soviet losses of T34 tanks were due to vehicles be-
ing abandoned upon minor breakdown or running
out of fuel. This led the Soviet Union to begin train-
ing their tank crews inside the production factories,
where they learned vehicle engineering and main-
tenance before ever being taught how to operate the
vehicles.

Unfortunately, many organizations have lost
their appreciation of the importance of comprehen-
sive crew maintenance training and of implement-
ing an ethos of more than just token crew mainte-
nance. Such training can be as beneficial to civilian
fleets as to military ones. Crew maintenance should
encompass limited true maintenance tasks and not
simply consist of topping up oil and changing
wheels. Organizations without an appreciation of
detailed crew maintenance are solely dependent
upon the services of qualified maintainers.

A philosophy of taking a vehicle off-road im-
mediately upon becoming aware of an issue, and re-
questing a recovery or qualified technical assis-
tance, is a very tidy philosophy in theory; it is un-
fortunately also very expensive. In my experience,
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it simply does not take account of human nature.
For example, on a cold wet night when drivers of a
malfunctioning vehicle are looking forward to get-
ting home or maybe are planning to take a family
holiday the next morning, they will make every ef-
fort to keep driving despite a misfiring engine,
black smoke, or other problems, in the hope of get-
ting their vehicle back to the base or depot. This de-
cision can often cause a minor issue to become sig-
nificant vehicle damage in the process. Subse-
quently, the answer from the drivers, upon investi-
gation, is usually along the line of “I didn’t notice a
problem with the vehicle.” It is often difficult to
challenge this response, because the drivers have
not been trained to diagnose mechanical problems.

If, however, drivers have received some funda-
mental training beyond what can be essentially
termed lip service, they may have been able to
tighten loose hose clips, secure a pipe, or carry out
other remedial work in order to be able to continue
driving and get the vehicle back, without having to
aggravate the damage in the process. Drivers thus
trained will also have a greater appreciation of is-
sues that will cause significant damage to a vehicle
and the times it is essential to call upon the services
of a mechanic.
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The brief training of Panzer drivers, especially in newly
formed units, is reflected in the recent large increase in damaged
components…at the front the drivers possibly realise a failing part
of the vehicle but have no clue of how to help themselves (irregular
running engine, or improper running of the radiators, etc.) This
forces the driver to keep on driving the vehicle until it breaks down
due to more serious damage. (Friedli, 2011)



The insertion of additional, perhaps new, vehi-
cles into an overstretched maintenance system can
result in a lack of availability of these same new ve-
hicles. A lack of availability of new vehicles under
such circumstances should not always be viewed as
being indicative of the reliability of the particular
new vehicle type. Adding vehicles can also result in
a lack of availability of any longer serving vehicles.
The lack of availability of older vehicles, when addi-
tional vehicles are added to a fleet, is also not in-
dicative of where the reliability of these older vehi-
cles should be due to their age and expected usage
versus anticipated failure rates. If a maintenance
system has sufficient excess capacity when addi-
tional vehicles are purchased, the subsequent avail-
ability of both the new and older vehicles will be
more reflective of their true reliability.

In an under-resourced maintenance system,
as vehicles become unavailable and require mainte-
nance, the waiting time for vehicles to undergo re-
pairs can extend steadily. Queues for major mainte-
nance can cause delays in even minor maintenance
tasks for the vehicles that are still operational,
which then causes even more vehicles to break
down and, hence, further lengthen the queue for
major maintenance. You can end up in a situation
where vehicles are failing faster than they can be
repaired. This situation is outlined in Chapter 10,
Maintenance Backlog. 

Determining the details of how your mainte-
nance systems operate requires a detailed record of
concrete historical and up-to-date data. The state of
a maintenance system cannot be seen simply from
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a cursory review; it must be established from a
careful evaluation of historic maintenance and ve-
hicle availability statistics and analytics. 

Your historical data must link scheduled, un-
scheduled, and contract maintenance costs, includ-
ing labor, to individual fitted components. For ex-
ample, several studies by the U.S. Army and the
Congressional Budget Office have shown that vehi-
cle age has a minimal effect upon maintenance
costs. Yet it was acknowledged that this result was
likely due to a lack of sufficient data on which to
base the analysis. Information is key to finding
those inefficiencies and faults in your system that
are costing you money.

Record keeping, accurate data, and more record keeping
are of critical importance.

Such record keeping is fundamental for the ef-
ficiency of any business operating and maintaining
its own fleet. Also, having detailed analytics and
data logging is not difficult with modern computer
systems. It is, however, important to use a com-
puter system that works effectively, is easy to use,
and outputs the required information. A system
that does not present the necessary results is of lit-
tle benefit, aside from reducing quantities of paper
used. Without detailed record keeping, determina-
tions of planned maintenance and spare parts re-
quirements are ultimately conjecture. If you do not
know the frequency of component failure, you can-
not truly determine, for example, how often to call
vehicles in for a preventive maintenance compo-
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nent replacement. You are also unable to plan the
quantities of components that you need to order for
the following year or upcoming commitments.

In the absence of comprehensive analytics and
historical data, we can still attempt to initiate a pre-
ventive maintenance strategy. This is done by carry-
ing out replacement tasks on a conservative sched-
ule that is loosely based upon manufacturer’s rec-
ommended service and component failure intervals.
Even better, we can base our replacement cycles on
the same type of vehicles in operation with other or-
ganizations. The interval between component re-
placements can then be incrementally increased to
find an ideal, depending upon how the quantity of
failures during use increases. This method, how-
ever, does not address existing data collection issues
nor is it as cost effective as basing your intervals on
accurate data from the beginning of a preventive
maintenance strategy implementation.

If it wasn’t for some kind of PM program, every
motor, pump, valve, seal, compressor, boiler, toilet,
light, ad infinitum... might break down at any time. 

(Payant & Lewis, 2007)

In the case of large international companies,
or military organizations, accurate records of fail-
ure rates need to be maintained for each different
operational climate. Failure rates in different oper-
ating zones worldwide can vary significantly de-
pending upon the operating environment and us-
age profile. The workshop’s management must en-
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sure that repair data is accurately measured and
recorded. This allows the information to be used for
managing costs, and identifying and analyzing
trends. If the management personnel in a work-
shop are not part of addressing any lack of accurate
failure data and analytics, then management — by
allowing the consequent costs to go unchecked —
essentially becomes part of the problem. Without
this data, and its correct usage, maintenance be-
comes purely reactive and is both inefficient and
expensive.

Reviewing and improving the productivity of
the entire maintenance system requires that data
must be kept for every direct or indirect mainte-
nance related task on each vehicle. This data
should be linked to repair codes. For example, code
01 could account for all work on wheels and tires,
code 02 Hydraulics, code 03 lights exterior, code 04
lights interior, and so on. This system will allow a
later review of the total absorption of repair costs
by each element of the vehicles in your fleet. Thus if
you establish that an excessive amount of money is
being spent carrying out vehicle bodywork repairs,
the situation can then be investigated and appro-
priate action taken to eliminate the swollen costs.
The individual vehicle that requires each mainte-
nance task should be identified by its registration
or hull/chassis number. In general, using the chas-
sis number to identify a vehicle is always the pre-
ferred form of identification because it will defi-
nitely not change for the entire vehicle life.

In order to facilitate evaluation of the full pro-
ductivity of a maintenance system, the following
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data must be maintained digitally and in an easily
accessible format. If this information is maintained
only in hard copy, reviewing it would involve an
army of staff over a significant time period. It
should be maintained digitally, in a format and on a
system that can be easily accessed and used.

�  Maintenance scheduling

�  Details and tracking of progress on particular projects such 
as in-service modifications

�  Date, time, and mileage when a vehicle’s status changed to 
Off-Road/Unserviceable

�  Date and time when a vehicle began maintenance and 
identification of the individual vehicle

�  Class code for the vehicle undergoing maintenance 
(type of vehicle if your fleet operates a number of 
different vehicle types)

�  Mechanics responsible for this maintenance task

�  Vehicle’s odometer reading when vehicle began 
maintenance (recording the mileage is critical to 
establishing frequency of failure for individual parts at 
a later date)

�  Whether the maintenance is reactive, preventive, or relating
to a particular fleet project

�  Repair type codes

Evaluat ing  The  Maintenance  System

263



�  Date and time when each spare part was requested from stores

�  List of spare part numbers and descriptions requested from 
stores for each vehicle on each job

�  Cost of each spare part requested from stores and total costs

�  Date and time when each spare part was picked in stores

�  Date and time when spare parts were collected/delivered 
from stores to the workshop

�  Date and time when spare parts were delivered to 
maintainers on the workshop floor

�  Date and time when each vehicle completed maintenance

�  Date and time when each vehicle was inspected or tested 
for completion/return to use and the result

�  Date and time when a vehicles status changed to 
On-Road/Serviceable

�  Date and time when each vehicle was collected from the 
maintenance facility by the operators.

The information above will allow you to identify
a timeline for your entire maintenance system. You
will be able to see how long every aspect of mainte-
nance is taking from the moment that a vehicle be-
came unserviceable. This information will then allow
you to identify choke points in your maintenance sys-
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tem, which can then be addressed.
It is essential that your maintenance manage-

ment and data collection system be able to generate
both reports and graphs based upon the historic
data collected. Saving this information digitally, in
addition to printing it in hard copy, will be advanta-
geous for communicating trends and issues to
higher level management.

A problem experienced by many medium-to-
large organizations is that they are committed to
the hardware infrastructure or to the software sys-
tems already in place, even though their informa-
tion collection systems are inadequate to meet the
requirements of maximizing their maintenance ef-
ficiency. This commitment is usually due to the ex-
tensive cost of switching to a new maintenance
management system. In some cases, the software is
integrated into other aspects of the overall busi-
ness, such as financial accountancy for spare parts
holdings, which can lead to additional political or
departmental issues regarding changing systems.

If the current maintenance management soft-
ware system does not achieve the required aims,
there is little alternative to either improving it or
replacing it. To do either can take investment in
both time and money. But without such corrective
action to implement effective data recording and
analytics, reducing maintenance costs and making
significant gains in maintenance efficiency will
prove exceedingly difficult because it will simply
not be possible to identify where the inefficiencies
are located.

It is important that information on the value
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or cost of any spare parts being used is gathered and
tracked by your data collection systems. In some or-
ganizations, there can be a tendency for the spare
parts management personnel to control all informa-
tion on parts costs. Sometimes this is due simply to
the organizational systems in place, but other times
it can be caused by personnel acting as gate-keepers
— filtering the information they communicate in or-
der to withhold details that could be of use to them
individually later. Unfortunately in most cases, the
spare parts support personnel are not in a position
to evaluate and alter the usage of parts during
maintenance. It is, therefore, essential that the per-
sonnel directly involved with maintenance manage-
ment, who make the daily decisions regarding the
usage of spare parts, are fully aware of the costs in-
volved with each individual component being used.
Thus, they will be able to adapt the maintenance
system to create cost savings.

As you can infer from the list above, the collec-
tion and recording of this data requires input from
not only the maintenance and spares supply struc-
tures, but also the operators of the vehicles. The in-
formation collection software, therefore, needs to be
integrated throughout the pre-maintenance, main-
tenance, and post-maintenance structures of your
organization. It also has to be very easy to use, with
clear screens and a logical user-friendly format, so
as to minimize the time and training required for
various personnel with different qualifications to
enter the required data at their particular point in
the maintenance chain.

The best method to achieve the required level
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of data recording is for the information collection to
run in the background of your ordering process soft-
ware; for example, mechanics would enter the de-
tails of their required spare parts for ordering as
normal from the stores. The system then stores this
information in the background, without any input
requirement from your personnel. The data should
be recorded at the most practical level; it can be car-
ried out across the internet if users are dispersed,
or if such a system is available by using an intranet
(internal network). Perhaps on a practical work
level, the maintenance system for your vehicle fleet
is split into different specializations, such as me-
chanical, electrical, communications, etc., and vehi-
cles are queued from one stage to the next. In this
case, all records must encompass the times that an
individual vehicle spends not only while mainte-
nance tasks are being carried out at each stage, but
also while the vehicles are effectively sitting idle
and waiting between stages.

To compile even more detailed records, some
companies issue identification tags to each main-
tainer and spare parts supply worker. This practice
allows each employee to log (or swipe) the exact
times at which they started or stopped maintenance
during the workday and the reasons for same. Sig-
nificant efficiency benefits can be gained from such
a comprehensive analysis of the maintenance sys-
tem. However, this approach may be difficult to im-
plement in an entrenched workforce or one with a
strong union —it could be seen as monitoring the
personnel as opposed to the tasks. Even if these
tags are not possible for the reasons stated, some
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data is better than none; the more that is recorded
and available for later evaluation, the more effi-
cient your maintenance system can become.

Once all of the data detailed is compiled, you
can identify where the maximum time lags exist in
your maintenance system. Subsequent investiga-
tions, drilling down into the specific details of each
maintenance stage, can then identify if delays are
due to inefficiency, personnel shortages, equipment
shortages, spares delivery delays, insufficient
space, etc. Very interesting information can also be
gained from the most basic data, such as when ve-
hicles were declared off-road. By comparing these
dates and times against an organization’s training
or operational commitments, you can often identify
if an inordinate amount of vehicles are being de-
clared off-road or on-road prior to these times and
then seek to identify the reasons why.

If a disproportionate amount of vehicles are
on-road immediately prior to intensive usage peri-
ods, it may be due to a maintenance push indicating
that maintenance can be carried out more effi-
ciently during other periods. Or it may be due to ve-
hicles being declared on-road even though they still
require minor maintenance. Such minor mainte-
nance, if not carried out when required, can lead to
major maintenance requirements and increased
costs at a later date. 

Most maintenance organizations have access
to some level of performance and failure records
similar to those described throughout this chapter.
However, many large organizations have them com-
piled across a number of different computer and
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manual record types. For a large fleet, these man-
ual records can be virtually impossible to link and
analyze without a proverbial army of staff working
over a significant period of time. There is no logic in
the expanded effort required to maintain records if
the records are inaccessible or don’t record and out-
put the required information.

A bigger consideration for any maintenance
setup is the geographical distribution of facilities. If
key branches of maintenance — such as mechani-
cal, electrical, and communications — are required
in a single geographical location, these branches
should be located in the same compound or, prefer-
ably, the same maintenance building. In military
systems, dispersal is necessary in wartime. How-
ever, from a purely maintenance efficiency perspec-
tive, modern vehicles and their ancillary equipment
are integrated to such an extent that significant
gains in efficiency can result from sharing the same
location. These vehicle availability gains can result
in fewer vehicle purchase requirements and, in
turn, monetary savings. These availability gains
are due to the significant reductions in mainte-
nance time made possible when maintenance is car-
ried out in a shared site, as opposed to work having
to cease while vehicles are being moved between
buildings or sites. Cross department planning also
becomes more regular and effective.

When maintenance functions are located sep-
arately, personnel can become micro-institutional-
ized within their own workspace. But when they
are located on a single site, better communication
and cooperation among maintenance specializa-
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tions occurs. Depending upon your local laws and
organizational procedures, there can be practical
difficulties resulting from unnecessary dispersion
within a small or large geographical area. The
availability of suitable qualified personnel to drive
vehicles from one location to another is one such
practical consideration. If these personnel are in-
volved in maintenance, the time they spend trans-
porting vehicles withdraws them from their main-
tenance tasks, causing delays in the overall mainte-
nance system. The effects can be given a financial
value based upon time spent on these other tasks,
and the wages of the maintenance personnel added
to the physical movement costs of the vehicles for
fuel, etc.

Consider the following recommended items
when evaluating the overall maintenance setup of
your organization. All of this information should be
readily available if correct record keeping has been
maintained in the months and years prior to the
evaluation:
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Determine the total weekly quantities of vehicles that are
serviceable or unserviceable over the necessary evaluation
period, usually no less than two years. Vehicle operators/dri-
vers should be required to keep accurate records of the exact
date and time that vehicles are declared unserviceable or off-
road and the reasons for same. Again, this information needs
to be digitally recorded into an integrated information collec-
tion system. It is of little use if it is physically written into nu-
merous vehicle logbooks that cannot be easily reviewed.
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Identify the percentage of time that faults for each individ-
ual maintenance branch (Mechanical, Communications,
Electrical, etc.) were causing vehicles to be off-road during
the evaluated period. This information is even more impor-
tant if branches are not located together; it can be
determined by the quantity of vehicles undergoing mainte-
nance in each branch and the quantity queued for each
branch.

Evaluate each maintenance branch (Mechanical, Communi-
cations and Electrical, etc.) to determine the causes of
greater or lesser vehicle quantities being unserviceable
while awaiting maintenance in each branch (backlog for
each individual branch) during the evaluated time period.

Identify ways to resolve delays, clear backlog in each
branch, and carry out a cost-benefit analysis of each option.

Ensure that vehicles are not in your workshops unless they
are being worked on. The maintenance system should be
turning over vehicles at a rate equal to or exceeding the re-
quired maintenance. There should not be a requirement for
vehicles to sit idle at your maintenance facilities for more
than 1 day before beginning maintenance.

Cross check the dates of overall high and low vehicle avail-
ability against the occurrence of operational or training
commitments so you can identify any peaks or troughs in
availability.

Identify the causes of such peaks and troughs and the ben-
efits to be gained from any changes to maintenance or oper-
ating procedures resulting from this information.
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Identify the costs involved in transporting unserviceable
vehicles and components upwards and sideways through
the various levels and branches of the maintenance
system. Include driver wages, fuel usage, vehicle wear, and
secondary or tertiary costs such as requiring a higher quan-
tity of transport or recovery vehicles in the fleet.

Identify the quantity of each individual component
replaced on each vehicle and the total quantity throughout
the fleet during the evaluation period, including the
individual and total cost to the organization. This will also
allow identification of repeat failures on a specific vehicle,
a specific vehicle type, a specific component, or throughout
the fleet.

Evaluate the amount of your mechanics’ time actually spent
hands-on carrying out repairs. Known as Hands-On Tool
Time (HOTT).

Identify ways to improve the reliability of regularly failing
components to reduce maintenance costs and vehicle
downtime. This may require the cooperation of the
manufacturer, or your in-house research and development
department if you have one.

Check the availability of tools and equipment for carrying
out maintenance tasks, to ensure there are no undue delays
due to lack of maintenance equipment.

Evaluate the cost effectiveness of outsourced work versus
in-house repairs.
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Scheduling

Scheduling is the process of planning how to
put a maintenance plan into action. Planning for
the plan! In any maintenance system, we must en-
sure that the scheduling of work tasks is given more
than just a cursory thought. Without correct sched-
uling procedures, we will be engaged in a constant
uphill struggle against inefficiency.

It is important for the overall effectiveness and
efficiency of any maintenance system that there is a
detailed schedule in place, and that the maximum
number of maintenance tasks are being conducted
according to a schedule. Accurate scheduling of
maintenance is essential to ensure that vehicles are
unavailable or off-road for the minimum amount of
time. The amount of time they spend in the work-
shop must be minimized; we also need to make sure
that the full benefits of preventive maintenance are
being achieved. There is no logic in on-going sched-
uling errors or delays that result in a vehicle requir-
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For non-critical repairs, which are unlikely to degrade into
more significant damage on your vehicles, ensure that ve-
hicles are not made unavailable for use or taken off-road
until all necessary spare parts have been made available.

Evaluate the quantity of repeating failures on each vehicle
type in your fleet and the nature of these failures. Using
this information, you can identify possible key components
requiring modifications or alternatives to reduce future
failures.
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ing reactive maintenance, simply because it did not
come into the workshop on time to avoid a failure.
Likewise, there is no point drawing up a mainte-
nance schedule without first checking the availabil-
ity of the required parts and components to com-
plete each task. Scheduling involves reviewing the
availability of all required items to fulfil a particular
maintenance task, prior to a vehicle being called in
for maintenance. It is also worth noting that reac-
tive maintenance is an enemy of scheduling...you
cannot plan for unplanned failures!

As with record keeping in modern workshops,
the task of scheduling vehicle maintenance is made
much easier through the use of computerized main-
tenance management systems. These systems can
also provide an auditable evidence record of main-
tenance completion. However, the implementation
of computerized maintenance scheduling is only
possible if your organization is in a position to intro-
duce such a system or integrate one into your cur-
rent hardware and software configuration. This
may not be financially viable, depending upon the
scale of the present computer systems in place and
to what level the systems are cross compatible with
an addition piece of software. The current system
may perhaps require wholesale replacement. 

In order to ensure that scheduled mainte-
nance tasks are conducted quickly, you must have a
ready availability of maintainers, tools, mainte-
nance manuals, and spare parts, and also use stan-
dardized procedures. Because the task is scheduled
ahead of time, there is no excuse for a failure to
carry out the necessary preparation, either on the

Chapter  9

274



part of the individual mechanics or on the part of
the larger organization supporting them. The most
efficient maintenance schedule will allow work to
be carried out when there is a minimal demand for
vehicle availability, or while a vehicle is undergoing
other maintenance tasks such as routine servicing.
Maintenance scheduled in such a manner to be
timed as efficiently as possible can be facilitated
with preventive maintenance, but it cannot be facil-
itated for reactive maintenance if vehicles are suf-
fering an inordinate quantity of unplanned failures.

It is also essential that flexibility is built into
the maintenance schedule, perhaps in the form of a
number of unallocated hours left open each week.
Such hours will allow your maintenance system to
cater for unplanned maintenance tasks that arise
during the week; they will also facilitate other un-
planned issues such as tasks unexpectedly requir-
ing a greater amount of time due to other mainte-
nance requirements that are discovered after vehi-
cles have been inspected in the workshop.

Surveys show that in many plants, hands-on-
tools time (HOTT) is only about 25%. Delays
account for much of the remaining 75%. Improved
scheduling and work preparation can raise HOTT to
50-60%. 

(Narayan, 2012)

With regards to production maintenance, the
priorities for inspection and preventive mainte-
nance are those jobs that affect the overall integrity
of the plant, followed by production-related jobs. In
vehicle maintenance, with regards to integrity of
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the vehicle, priority for preventive maintenance
should be given to those items, such as brakes, that
may affect the integrity of the overall vehicle plat-
form. Brakes, although often designed nowadays to
have a safe failure mode, can potentially result in
the loss of a vehicle if they were to fail. In addition,
if brake pads are not replaced soon enough, scoring
of the brake drum can occur, thus necessitating ex-
tra repair expenses. Components that have a high
operational speed or rpm, and that are not mounted
within their own casing, are another example of
suitable candidates to be prioritized in your preven-
tive maintenance schedule. The catastrophic fail-
ure of these has the potential to cause significant
ancillary damage to other vehicle components that
are situated in close proximity.

When scheduling preventive maintenance
tasks, it is important to consider safety critical
tasks. Some of these, such as the brake example
above, may overlap with integrity priority tasks.
Safety critical tasks should be conducted within a
maximum of 10% time range of the maintenance
schedule. It is desirable to have such tasks con-
ducted as close as possible to the scheduled mainte-
nance time.

To check the accuracy of your maintenance
schedule, and the efficient execution of work in ac-
cordance with your schedule, we can use the follow-
ing formula. This ratio can be calculated for any
time period desired, one month, one week etc.

Chapter  9

276

Execution Ratio = JC : TJ
             JC = Jobs Completed on Schedule Within Time Period
              TJ = Total Jobs Scheduled For Time Period



For example, if you completed 15 jobs on
schedule (JC) out of a total of 20 jobs scheduled
(TJ), then the ratio would be 15:20 or 1.5:2. The
closer your ratio is to 1:1, the better your mainte-
nance system is performing with respect to your
maintenance schedule. If your Execution Ratio
never seems to be moving towards 1:1, then it is
likely that your schedule is unrealistic with respect
to your current maintenance system and resources,
or improvements in your maintenance system need
to be made.

Depending upon the nature of your organiza-
tion’s operations, the use of standby vehicles to re-
duce the effect of scheduled maintenance upon the
overall business is also a possibility. Quite often
having vehicles on standby is a waste of expensive
capital resources and not financially viable for civil-
ian companies.

The use of such a vehicle on rare occasions, al-
though possibly having a positive effect on the com-
pany’s profits over the course of a year or more, may
still not offset the original costs of purchasing that
extra vehicle. It may, however, be financially viable
to purchase an extra heavy, longer haul vehicle, if
you are doing so in place of a smaller vehicle for lo-
cal requirements. The initial cost may be higher
than a smaller unit and the running costs may be
slightly higher, but these costs are potentially offset
by the benefit of having this vehicle available to re-
place the larger units in your fleet, if required.
Thus, a larger standby vehicle can provide a
standby role for a number of different vehicle types. 
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The financial viability of purchasing and oper-
ating a larger vehicle than required in one role,
which can fill in temporarily for other vehicles un-
dergoing maintenance, is subject to the proportion
of your bottom line being achieved by each run with
your vehicles and the number of failures of these ve-
hicles per year vis-à-vis the impact of these failures
on profits. There can be significant and overriding
benefits for military operations in having standby
vehicles for a specific mission. In the civilian
sphere, the consequences of a vehicle failure with-
out immediate replacement availability, are un-
likely to have the same level of consequences as in
the military.

The most effective way to facilitate standby ve-
hicles is to have a comprehensive preventive main-
tenance system in place and your excess vehicle/s ro-
tating through the maintenance system before going
off-road. The less economical practice would be hav-
ing a standby vehicle sitting idle, awaiting use due
to the unexpected failure of another vehicle and the
consequent reactive maintenance.

It is often of benefit to have more than one
schedule in a large fleet maintenance operation.
The first can consist of short-term scheduling,
which will incorporate a daily schedule. The daily
schedule should outline the specific tasks for today
and how long they are expected to take. It should al-
low for unforeseen circumstances that might arise
that morning, such as employee illness.

An additional weekly schedule will allow for
the planning of resource allocation for the following

Chapter  9

278



week. This is compiled at least a week prior to its
start date, while the workshops are operating from
the present daily schedules.

Another required schedule is a longer-term
schedule compiled to plan tasks for, at a minimum,
the upcoming month. It is desirable to plan up to 6
months in advance, if possible. The length of time
which your schedule covers depends upon the regu-
larity of your fleet’s operations, but it can include
all regular service tasks and expected preventive
maintenance. It should be checked and extended on
a weekly basis, which will give a minimum of three
weeks prior notice for upcoming work. Finally, your
longer-term schedules should always leave a larger
percentage of unallocated time than the shorter-
term schedules — a larger quantity of unforeseen
circumstances can occur over the greater time pe-
riod being scheduled.

Life Cycle Costs

The term life cycle costs is an umbrella term
that is fundamental to modern fleet operations, yet
is ultimately made up of the various individual
costs that arise throughout the entire life cycle of
your vehicles. These individual costs are unique to
each vehicle and fleet profile. Cost Engineer Dean
Fanning describes the essence of life cycle costing
quite clearly. He outlines that it is comprised of
point estimates of costs, a discount rate, and a sen-
sitivity analysis, observing that, 
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…just because something is less expensive to
start with (capital cost) it does not mean it is the
best economic alternative. 

(Fanning, 2014)

When purchasing a vehicle, we must consider
not only the capital expenditure on a new unit, per-
haps $150,000, but also the costs that the vehicle
will generate until the day it goes for disposal or
stops being used in our fleet. Vehicle life cycle costs
are those expenditures incurred throughout the ve-
hicle life that include items such as the total cost of
fuel and the total maintenance expenditure. Al-
though it is important to estimate these when se-
lecting which vehicle to purchase, it is also impor-
tant to remember that these costs are not static. As
a vehicle ages and becomes less efficient, the ongo-
ing running costs will increase. Therefore, the pro-
file of your estimated life cycle costs will be higher
due to increased operational costs in the later years
of a vehicle’s lifespan than in the early years. Yet,
the increase in these costs is not always as signifi-
cant as we might assume because ongoing vehicle
maintenance involves replacing old, inefficient, or
well-used components with new components. Thus,
maintenance can somewhat counterbalance the
otherwise intuitive linear increase in costs we
would otherwise expect.

When purchasing and operating vehicles,
there can be very significant differences between
vehicles, even vehicles of the same overall type, in
relation to total life cycle costs. For example, one
vehicle from manufacturer A may have signifi-
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cantly faster maintenance turnaround times, but
this saving may be dwarfed throughout the vehi-
cle’s anticipated lifetime by another vehicle design
from manufacturer B with much greater fuel effi-
ciency, another with less expensive replacement
parts, or another with much higher reliability dur-
ing its usable life.

We need to consider both costs that are indi-
vidual to a vehicle or accumulated across a fleet, de-
pending upon the nature of each cost type and the
overall fleet profile. In a mixed fleet with a propor-
tion of older vehicles that are fuel and maintenance
intensive, we may also have a proportion of newer,
more efficient vehicles. The impact on our ongoing
expenditure and balance statement can be im-
proved or worsened significantly by the life cycle
costs of our different vehicle types or their age.
Thus, the average life cycle cost of our entire fleet is
affected positively or negatively by the fleet profile.
Our ongoing expenditure may be driven upwards by
inefficient vehicles to a greater extent than our se-
lection of new fuel efficient models are reducing our
costs. 

We must never accept the life cycle costs esti-
mated at vehicle purchase as being set in stone for
the total vehicle life. New technology, fuel addi-
tives, component modifications, and other options
can be implemented in a mid-life upgrade program
or life extension program. These upgrades have the
potential to reduce our ongoing expenditure later in
the vehicle life cycle. As a consequence, we might
reduce the total costs incurred throughout the over-
all life cycle of our entire fleet.
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Reducing your total life cycle costs is quite
simply a matter of reducing the individual costs
that arise intermittently or repeatedly during the
vehicle lifetime. Reducing these costs is achieved by
processes such as reliability engineering, improv-
ing maintenance efficiency, reducing running costs,
and reducing ancillary costs, as discussed through-
out this book.

It is very important to consider life cycle costs
when initially deciding upon which particular vehi-
cle type to purchase for your fleet. By carefully cal-
culating the total life cycle costs for each potential
new vehicle type, we can ensure that we identify the
vehicle with the highest likelihood of providing the
greatest financial return over its service lifetime.
And this may not be the same as the vehicle with
the cheapest initial capital purchase cost.

Dean Fanning states that life cycle is about
relative values between alternatives; if there is only
one alternative, then no life cycle cost analysis is re-
quired. In the case of vehicle fleets, I would argue
that the second part of this assertion is not true. For
example, there may be only a single vehicle type
that you can purchase to meet a required need.
However, if you fail to conduct any life cycle cost
analysis on this single vehicle option, you cannot
estimate the viability of the vehicle to enter our ex-
isting fleet or the effect it will have on the com-
pany’s cash flow, balance statement, and mainte-
nance budget in the medium-to-long term. Having
conducted a life cycle cost analysis on such a vehi-
cle, we can then consider other factors, such as our
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overall fleet replacement program, to ensure that
any new vehicle does not tie up too much capital at
the same time that we plan to require cash on hand
for other purposes in the future. 
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M a i n t e n a n c e  B a c k l o g

Backlog in maintenance is a key indicator that
you can use to measure the work flow and produc-
tivity of your workshops. Hence, it is given its own
chapter here. Backlog cannot be ignored or it will
often steadily increase, creeping up on you until it
is at a point where it demands attention. 

We previously mentioned the possibility of
maintenance queues becoming ever longer as the
queues cause the condition of the vehicles that are
still functioning to gradually degrade. Essentially
this means that, when queued, maintenance is al-
lowed to build up beyond regular levels into a back-
log. The backlog itself can then compound any 
factors that initially contributed to its existence. In
turn, an ever increasing quantity of vehicles go off-
road accompanied by ever increasing difficulties in
maintaining the necessary numbers of available 
operational vehicles, until the situation becomes
critical. Thus the maintenance queues become self-
antagonistic. This cumulative effect of increasing
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failures can occur over a period of years. In some
cases, a number of significant negative contributory
factors occur simultaneously, and the backlog is
generated within a much shorter period of time,
such as weeks or even days.

As maintenance queues become longer, the
use of the remaining in-service vehicles also in-
creases, to maintain outputs, causing more wear
and higher failure rates on these remaining vehi-
cles. These higher failure rates then add further to
the burden of the overstretched maintenance sys-
tem, further increasing maintenance delays for
queued vehicles, as well as the quantity of queued
vehicles. Thus, a cycle of perpetual delays begins in
the maintenance system. This situation can also
lead to a skewed reflection of vehicle reliability for
both new and older vehicles, and a skewed percep-
tion of the operation of the maintenance facilities.

The turnover of vehicles in a maintenance fa-
cility is always linked directly to a number of fac-
tors — the number of maintainers available, the
physical size of the facility, and the spares LTTA
(Lead Time To Availability) from the external sup-
pliers and locally within the organization — and to
the availability of the necessary equipment allow-
ing maintainers to carry out their work. These fac-
tors directly define the number of vehicles that can
be maintained at any given point in time. They also
define the number that must be placed in a queue
awaiting maintenance. If there are too few main-
tainers, or nowhere for them to work, vehicles will
not be turned over efficiently. If the spares supply
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system is not rapid and efficient, vehicles will not
be turned over efficiently.

From a larger organizational perspective, the
requirements necessary to relieve the increased
burden of maintenance backlog, combined with any
new vehicle requirements and on-going mainte-
nance, can often be greater than the initial mainte-
nance investment requirements that would have
prevented such a situation from arising.

Unfortunately, there is no magic wand to ad-
dress a maintenance backlog. It must be dealt with
by meeting the appropriate maintenance require-
ments — such as increases in space, equipment,
and staff — in order to increase the turnover rate of
vehicles. Larger spares supply requirements must
also be met to facilitate an increased maintenance
turnover, which may also require increases to the
levels of support staff. Additional work hours may
have to be introduced in the form of maintenance
intensive periods or overtime facilities.

Avoiding or minimizing these staff and equip-
ment increases is sometimes possible with a 
detailed analysis of the workflow in the mainte-
nance facilities and the spares supply system. Us-
ing such an analysis, it may be possible to identify
ways to increase the vehicle turnover inside current
resources. However, without such an analysis to
identify inefficiencies and quantify possible gains,
any investment can easily be misdirected and is not
advised. 

Inefficiency in spares supply can be offset, to a
limited extent, by excess space capacity in the
workshops. Excess capacity allows maintainers to
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begin a second job while awaiting spares for the
first; it also supports efforts to address any mainte-
nance backlog. Such a practice however, depends
upon the second vehicle requiring different spare
parts than the first, and these parts must be imme-
diately available. It is also an inefficient use of la-
bor and workshop space, which causes its own in-
crease in individual vehicle maintenance time be-
cause maintainers have to reacquaint themselves
with various jobs as spares become available.

Each mechanic must first be a diagnostician,
responsible for diagnosing and identifying not only
each problem on a vehicle, but also its immediate
and ultimately root cause. If there are insufficient
quantities of specialist diagnostic and repair tools
and equipment for the number of staff, vehicles will
not be turned over efficiently. This is often the case
with specialist tools, which can be expensive. By
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In 1941, at the beginning of the WWII opera-
tion Barbarossa, German vehicles were not
being maintained properly, nor were they
being supplied properly. In one case, during
August 1941, 103 Panzers were lost due to
spare parts shortages and a lack of sched-
uled maintenance. Only 59 vehicles were
lost due to enemy action during the same pe-
riod, which gives us a clear perspective on
the effect that maintenance system failures
can have on our fleet.



virtue of their title as specialist, there can be in
some instances an inclination to believe that not all
mechanics require a full set of tools. In many cases,
that may be true, but it is dependent upon the size
of the fleet and the ongoing maintenance demands.

In order to avoid an availability-driven main-
tenance organization, which limits your turnover of
vehicles, you must ensure the ready availability of
all necessary tools and equipment for your total
quantity of staff. Having the best tools available for
your workforce is a key role of management; it’s a
sign of a professional and effective organization.

Critical backlogs can result from a number of
different circumstances and factors. A number of
potential causes are listed below. More than one of
these circumstances arising at the same time, will
compound the situation.

�  Insufficient number of employees

�  Employee illness

�  Employee leave (Approved or Absence)

�  Industrial action (Official or Unofficial)

�  Maintenance equipment breakdown

�  Poor maintenance planning

�  Lack of care by vehicle operators

�  Increasing vehicle usage

�  Increasing vehicle age

�  Delays in spare parts availability

�  Insufficient workshop space

�  Increase in fleet size
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Unexpected illness can result in an increasing
number of vehicles being queued for repairs. This
situation can be especially pronounced if an un-
available employee is a specialist maintainer, of
which there are limited numbers presently em-
ployed in the organization. Even worse — if an un-
available employee is the sole specialist employed
for a particular type of maintenance task. Automo-
tive electricians can often fit into such a category
because they will be employed in lower numbers
than general mechanics. In military organizations,
there are often a variety of other specializations
necessary to maintain a complete platform. In a sit-
uation where the required maintenance staff are
unavailable, the sub-contracting of work out to an
external company is often the best or only short-
term option.

Most maintenance systems in many industries
internationally are currently operating on ever
tighter margins and decreasing personnel num-
bers. Any failure to manage an increase in vehicles
awaiting maintenance, either through external
contracting of work, or replacing a missing em-
ployee on a temporary basis, can result in a minor
temporary backlog becoming a severe backlog. This
is not only expensive to rectify, but the longer such
a situation persists, it will have a cumulative effect
on the bottom line and operational effectiveness.
Most organizations in the current economic climate
are unlikely to have sufficient personnel numbers
to absorb the extra workload from unexpected ill-
ness of a key maintenance specialist. 
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The taking of leave by maintainers can have
similar negative consequences for vehicle turnover.
Shortage through leave has an advantage over
shortage through illness, in that leave can and
should be pre-planned and scheduled in such a
manner as to minimize the overall effect upon
queued maintenance. If the organization has fully
implemented a preventative maintenance philoso-
phy, then the schedule can be correlated against the
leave schedule. 

The breakdown rate of maintenance support
equipment should be reduced through the full im-
plementation of a preventive maintenance schedule
for all such tools and equipment. This area is often
overlooked by many fleet operators, but plans to re-
duce the effect of major support equipment failure
should be put in place prior to such a situation aris-
ing. Alternative arrangements, such as having
backup units for less expensive tools or planned
rental arrangements for the more expensive units,
should be in place ahead of time.

Among the first indicators of an increased lack
of care by vehicle operators, or of increasing vehicle
usage resulting in increased maintenance burdens,
is an increase in unplanned or reactive mainte-
nance, or shorter intervals for planned maintenance
based upon variable parameters such as mileage.
These changes will cause the quantity of backlog
and queued vehicles to rise. Delays in the supply of
spare parts due to fundamental availability issues
caused by unplanned maintenance, or scheduling
errors for planned maintenance, can also cause an
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increase in the quantity of queued vehicles. It will
be very difficult to evaluate the scale of any backlog
increases without accurate historical data on failure
and maintenance turnover rates. The absolutely es-
sential nature of maintaining such records is a re-
curring theme throughout this book. 

One of the most dramatic generators of main-
tenance backlog is industrial action. An industrial
action can range from a minor dispute at a local
level, causing one or more employees to slow their
work rate, to a full scale strike which, in a short pe-
riod of time, can completely shut down a fleet. The
consequences of such actions must be thought
through ahead of time. The response to take on
these events, both predictable and unpredictable,
must be in place in the form of a written plan devel-
oped before the events occur in order to avoid the
worst effects upon your organization. Logistics and
the movement of goods can be thought of as the ar-
teries of modern business organizations. Any inter-
ruptions will have dramatically negative effects
upon the whole. Having a proactive plan and an ef-
ficient maintenance system in place to avoid back-
logs is, therefore, essential. These plans should be
constantly reviewed for improvements and to iden-
tify minor problems before they escalate. 

In Army Logistician, Capt Vincent R. Linden-
meyer and 1st Lt Gilbert J. Duran describe an effec-
tive system of reducing backlog that was imple-
mented in the 782nd Main Support Battalion of the
82nd Airborne Division. They implemented a pro-
gram called the Heavy Maintenance Intensive
Week (HMIW), which was conducted on a quarterly
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basis. This involved 100% of the maintenance ca-
pacity working two 11-hour shifts over a period of 1
week. There was a 4 1/2 hour shift overlap. The first
shift would focus on completing unfinished tasks,
preparing new tasks, and notifying customer units
that vehicles or equipment was ready for collection.
The second shift, which ran primarily outside nor-
mal hours, could work “unhampered by the normal
duty-day interruptions.” This system gave tangible
results very quickly. During the first week-long
HMIW, the personnel completed 100% of the jobs
that had been on hand for more than 30 days, and
44% of the jobs that had been on hand for less than
30 days. After the second HMIW, all workable back-
log jobs were completed and the total backlog was
reduced by 84%.

Developing a proactive plan of action to
support its customers during periods of high operat-
ing tempo and to reduce maintenance backlog dur-
ing critical times of the division training cycle
meant the difference between excellence and medi-
ocrity.

(Lindenmeyer and Duran, 2001)

If your organization has built up a mainte-
nance backlog, the implementation of a temporary
system to increase turnover is the most viable way
to eliminate the backlog and return to normal oper-
ations. Doing so may involve the payment of over-
time rates or time in lieu to the necessary employ-
ees. If the backlog is seen to be steadily increasing in
your organization, it is likely that the situation has
reached the point where the backlog has become
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self-generating due to extensive maintenance de-
lays and will become critical without decisive action.

The ideal situation is one whereby preventive
measures are in place on an on-going basis, so that
backlog never reaches the point where excess work-
ing hours are required to resolve it. Unfortunately,
there are often unexpected circumstances that can
cause maintenance backlogs and, in accordance
with Murphy’s Law,
     
     “Anything that can go wrong will go wrong.”

such maintenance-generating situations will tend
to occur at the worst possible times in the opera-
tional or maintenance cycle. As such, preparation
and forward planning for the unexpected are key to
minimizing the impact of these situations as they
arise.
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P u r c h a s i n g  A d d i t i o n a l  V e h i c l e s

Although it is possible to keep a vehicle oper-
ating indefinitely by the replacement of compo-
nents ad infinitum, it is expensive to run older ve-
hicles in a fleet. Due to mechanical inefficiencies,
direct running costs increase with age. Indirect
running costs, such as a requirement for more reg-
ular inspection and increasing numbers of mainte-
nance personnel to cater to more frequent break-
downs, also increase. There comes a time in any ve-
hicle life when you must consider the viability of re-
pair versus replacement.

Hidden costs are also incurred due to ineffi-
ciencies with older vehicles in your fleet. Newer,
more efficient, and reliable models are more cost ef-
fective, and can reduce an organization’s overall
outlays. A number of straightforward considera-
tions should be taken into account when deciding
whether to repair a damaged or unserviceable vehi-
cle or to simply replace it with a new model. 

The decision to replace a vehicle in service
should consider not the initial purchase value of the
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present vehicle, but instead the present residual
value, accounting for depreciation. This is the ac-
tual value at the time of the necessary repairs; it ac-
counts for the vehicle’s age and anticipated remain-
ing life. If the repair costs for a vehicle exceed 60–
80% of the remaining depreciation on that vehicle
within its anticipated life, it is not economical to re-
pair it. This method (versus using 60–80% of the to-
tal remaining depreciated value) has some built-in
flexibility to allow for the expected reduced scrap or
resale value of a vehicle that has had major repairs,
rather than calculating your percentage based upon
the total remaining depreciated value at the time of
repairs.

Consider, for example, a box body truck with an
anticipated lifespan of 15 years. Because it appears
tidy and allows for neat accounting, a fixed period
age is widely used by many organizations to calcu-
late vehicle life. Normally, vehicle lifespan should be
measured using mileage. Although lifespan meas-
urement using years allows us to compare productiv-
ity reductions relative to newer vehicles, using a
fixed time period such as years is not recommended
in practice. It is too simplistic and does not account
for annual mileage rates or different engine and
component life spans across different vehicle types.

Let’s continue with our example, using a 15-
year lifespan. If your vehicle is currently 12 years of
age, it has 3 years of operational life remaining. If
the current value of the serviceable vehicle is
$38,000, accounting for depreciation, and the de-
preciation over these 3 remaining years is expected
to total $12,000, then the repairs are uneconomical
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if they exceed $7,200 (60% of the remaining $12,000
depreciation). This amount may seem low, but the
viability of the repair costs must be based upon the
ability to recoup them within the vehicle’s remain-
ing lifespan. By using this method, you can ensure
that the cost of repairs can be recouped within the
remaining depreciable life of the vehicle.

If we had based our viable repair cost on the
total remaining depreciated value, it would have
been 60% of $26,000 ($38,000 – $12,000). This cal-
culation would give us a viable repair price of up to
$15,600, which would be an inordinately large cost
to recoup within 3 years on a vehicle with a resale
value of only $26,000. 

In addition to this basic accounting for re-
maining depreciable value, other considerations
must be taken into account when considering repair
versus replacement:  the vehicle type and ease of
maintenance. The costs of keeping a vehicle type
running, if it is no longer widely used in your organ-
ization, may make repairs uneconomical. This is
due to the ancillary expenses of maintaining ex-
pertise, equipment, and spares for a platform that
provides a limited role in your organization, or per-
haps is being withdrawn from service. There may
be efficiency gains to be made by replacing the unit
with a newer vehicle; these gains can often compen-
sate for any minor losses incurred through retiring
a vehicle early. Some organizations depreciate their
vehicles’ full book value over the first few years of
operation partly for this purpose. If a decision is
made later to replace a vehicle early, its book value
is already zero.
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The purchase of a new vehicle fleet, or addi-
tional vehicles to complement an existing fleet, al-
ways brings a number of maintenance-related con-
siderations that can have a significant effect upon
the performance of not just the new vehicles, but all
vehicles in service. Considerations surrounding the
capacity of the maintenance system and the effect
of new vehicles entering the system, such as those
discussed in Chapter 9, cannot be simply ignored or
put off until after the vehicles’ entry into service.

Prior to embarking on any purchase program,
you must establish the capacity of the present
maintenance system. Fully evaluate the areas de-
scribed in Chapter 9 and estimate the maximum ca-
pacity should each of the identified delays and fail-
ings in the system be resolved. Identify the static
factors that cannot be changed. These static factors
may include the number of employees or the physi-
cal capacity of the workshop buildings. The in-
crease in vehicle turnover with respect to changes
in each identified area should be estimated. Once
complete, an evaluation should be conducted to
identify the changes that are viable to make to the
maintenance system and the total estimated bene-
fit these changes will have on vehicle turnover vis-
à-vis the cost of implementation. Again, it is not vi-
able to conduct this evaluation if your organization
has not maintained accurate and comprehensive
maintenance records in an accessible format.

If your organization has a constant queue of
vehicles awaiting maintenance, there is likely po-
tential for improvement to the availability percent-
age by reducing or removing this queue. Imple-
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menting improvements to maintenance turnover
can generate such a reduction, and the size of this
potential reduction can also be established. If this
potential improvement results in a sufficient quan-
tity of vehicles, now fully serviceable, to meet your
company’s needs, it may negate or reduce the re-
quirement to purchase additional vehicles. If, how-
ever, the quantity of vehicles available is still too
few to meet requirements, or there are no signifi-
cant ways to improve the maintenance turnover of
vehicles, then additional vehicle purchases should
continue to be investigated.

It is important to note that the expense of ad-
ditional purchases is incurred after reviewing the
possibility of increasing vehicle availability in other
ways. Additional vehicle purchases should not be
the first option when availability issues arise. In-
serting additional vehicles into a system that has
not been evaluated may compound maintenance-
driven availability problems as opposed to resolv-
ing them.

The number of vehicles being turned over in a
maintenance facility is directly related to the num-
ber of maintainers. Without an increase in the num-
ber of maintenance personnel, the improvements
possible due to other changes are often limited.
However, an increase in maintainers should only be
undertaken after all other failings in the system
have been addressed. First pursue other methods of
addressing maintenance capacity issues. 

As a rule of thumb, the maintenance require-
ments of an organization will increase as a straight
line graph proportionately to the quantity of vehi-
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cles in service. This may seem obvious, but in my
experience many organizations allocate capital
funding for new vehicles to address availability is-
sues, but fail to consider the consequent increased
burden on the maintenance infrastructure. This re-
lationship is illustrated in Figure 11-1. 

Figure 11-1, Increase in maintenance requirements
proportionate to the number of vehicles of same type 

and usage in service.

This rule of thumb applies if the additional ve-
hicles are the same type as those already serving
and having a similar usage profile. Different vehi-
cle types incur different maintenance burdens.

Suppose you have a fleet of 200 vehicles and a
maintenance staff of 20. Increasing your fleet to 400
of the same vehicles with the same usage profile
will result in twice the number of vehicles off-road
at any given time and will require twice the number
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of maintainers (40) in order to maintain your vehi-
cle turnover and On-Road state at its current level.
The larger the fleet size becomes, the more accurate
this average state. The required increase in mainte-
nance staff, however, can be reduced if the ineffi-
ciencies present in the system can be identified and
resolved, as previously discussed.
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T y p e s  o f  M a i n t e n a n c e  S y s t e m s

The maintenance system employed in your or-
ganization is essentially a process that is followed
step by step for every vehicle. It starts from the
point the maintenance process is initiated while the
vehicle is still located with the operators or end-
users. The vehicle then goes through the mainte-
nance system, which ends when the vehicle has
reached the final point, where it is being collected
by or returned to the operators.

The cost effectiveness of your fleet and the to-
tal percentage of vehicle downtime can be signifi-
cantly affected by your organization’s choice of
maintenance system and the effectiveness with
which it is employed. An ineffective system, or one
that does not cater for unexpected increases in de-
mand patterns, can lead to a failure to meet the
needs of the business. In the military, it can even be
a direct cause of mission failure.

In a functional approach, we can judge the suc-
cess of our maintenance system by whether it has
fulfilled its function during different demand periods
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and levels of requirement. For example, if we cannot
turnover enough vehicles during a period of high
maintenance demand, or the quality of the mainte-
nance output is contributing to increased failure
rates, then we can state our maintenance system is
not fulfilling its function and requires review.

In World War II, a maintenance system was
developed known as 3-Level Maintenance. This sys-
tem depends upon all tasks being carried out at as
low a level as possible within the maintenance
structure. When a task cannot be carried out, the
unserviceable vehicle is passed back along the lo-
gistics chain to be repaired at the next higher level.
Either the skills, equipment, or both may not exist
at the lower levels of the repair chain. As vehicles
are passed through the system, the investigation
and evaluation processes are repeated. The repeti-
tive nature of these processes is an inefficient use of
time and resources. Increased costs and logistical
requirements are incurred when unserviceable ve-
hicles are transported between links in the repair
chain. Significantly increased downtime is also a
result of this system. A number of large civilian and
particularly military organizations worldwide con-
tinue to employ a 3-Level maintenance system. 

The time spent sending equipment from one ac-
tivity to the next created longer repair cycles, lower
operational readiness rates and, consequently,
decreases in combat power. (Astphan, 2005)

The 3-Level maintenance system does have a
number of its own benefits. One significant benefit
is centralized control of fleet maintenance as you
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move up through the maintenance levels. When op-
erating correctly, this feature should ensure that
centralized management locations will clearly see
the extent of significant vehicle faults because the
vehicles are all being sent back to these central lo-
cations for repair. Tracking the rates of major fail-
ures and warranty issues becomes easier because
the 3rd Line management are directly addressing
these issues at their own location. Liaison with ex-
ternal suppliers and manufacturers is also easier
because the management is directly aware of the
nature of these faults.

In smaller maintenance structures with a
large geographical distribution (for example a few
hundred vehicles disbursed nationwide), this sys-
tem can centralize the familiarity with less common
component failures in the hands of an individual
manager or a limited number of maintainers. In a
military organization, this is a double-edged sword
that requires a short explanation of centralization
and decentralization.

The term decentralization has been much
abused worldwide in the past decade, in so far as it
applies to the physical relocation of personnel and
an organization’s facilities. This fundamental mis-
understanding of the decentralization concept can
lead to inefficiencies and increased costs by physi-
cally spreading out the departments of large organ-
izations. 

The term decentralization is correctly used
when it refers to the dispersal of knowledge
throughout a large organization to avoid the
proverbial house of cards that may collapse if key
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personnel and their knowledge are lost. However,
rather than centralized maintenance management,
control can also be exercised through a system of re-
pair time evaluations, inspections, and information
dissemination to the lower-level repair facilities.

An alternative to the WWII era 3-Level main-
tenance system, previously proposed by Brig. Gen.
Thomas Dickenson, Chief of Ordnance, U.S. Army,
is the concept of Fix-Forward/Replace-Rear. In this
system, all the necessary skills and maintenance
resources to keep vehicles operating are provided at
the operational maintenance level in every location.
This allows the vehicles to have only one port of call
in the repair chain:  the local workshop. A vehicle no
longer has to be passed to another level to return it
to service. The local maintenance facility can carry
out all maintenance up to 3rd Line/Level (1st –
Crew Maintenance, 2nd – Service Tasks, 3rd – Re-
moval and Replacement of major components). In
the Fix-Forward/Repair-Rear philosophy, the 2nd
and 3rd Lines are effectively merged into one func-
tional level. Detailed repair of components is also
not conducted at the local level where maintenance
is confined primarily to replacement with a view to
returning vehicles to service as quickly as possible.
Failed components are then shipped back along the
chain for evaluation and centralized repair.

In the old 3-Level maintenance system, local
repair facilities are often required to collect new
spare parts at designated intervals from central-
ized spares holdings. This system remains effective
in a fix forward/replace rear system. However, the
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savings in ancillary repair costs are made by no
longer requiring the movement of disabled vehicles
and similar expenses.

Other considerations in the fix-forward/re-
place-rear system are the quantity of vehicles being
repaired at each local location. If the local operators
are required to maintain a very small quantity of
vehicles, then the skills of the maintainers may not
be kept up to the highest standards simply due to
an insufficient number of different major failures
appearing on each vehicle type. Also, there is an ini-
tial expense involved in upgrading local mainte-
nance facilities and providing equipment within
each one for the full maintenance of each vehicle
type. These expenses can however, be recouped over
future years due to increased on-road time and re-
duced logistics or ancillary costs.

The logistics expense of transporting individ-
ual failed components to a central location, where
they can be repaired or sent for repair, is negated by
sharing the repairables collection facility with the
spares distribution hub. The vehicles that are trav-
elling to collect new spare parts can be used to re-
turn unserviceable components at the same time.

Current developments in the design of military
equipment would support the following readjustment
of maintenance priorities. Discard selected compo-
nents at failure (First Line); repair forward by
replacement (Second Line); evacuate for repair
(Third Line). 

(Cunningham, 1995)
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Some advantages of a 2-Level system, as pro-
posed by General Mitchell H. Stevenson (Army 
Logistician 2002), are:

�  Reduced logistics footprint in the battlespace

�  Faster returns of equipment to the fight

�  Decreased equipment evacuation requirements

�  Increased productivity of maintainers, and therefore 
increased combat power

�  Possible force structure savings

General Stevenson also outlined some disad-
vantages of the echeloned system of maintenance as
currently seen in operation with many organiza-
tions:

�  Contributes to a large logistics footprint

�  Relies on evacuation systems

�  Has a built-in overhead burden at each echelon

�  Requires maintenance support for the units that provide 
maintenance at each echelon

During the first decade of the 21st century, the
United States Army Ordnance Corps began trans-
forming to a 2-Level maintenance system. This
transformation was carried out to make combat
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units more mobile and self sufficient. It was also
seen as an answer to increasing strategic, combat,
and technological challenges.

Making a decision to discard selected failed
components at 1st line repair locations should in-
volve a careful analysis of failure rates; it must re-
flect the cost effectiveness of transporting particu-
lar failed components for repair. A large number of
nations and states are subject to ever more compre-
hensive requirements related to the disposal or re-
cycling of various materials used in the construc-
tion of vehicles. The costs involved in disposal at
more widely distributed and numerous first line lo-
cations must be considered.

A significant matter for concern regarding the
2-Level system is a risk that local pressures on
maintenance personnel will result in increased can-
nibalization of vehicles in order to meet short-term
local commitments. This practice must be coun-
tered using a detailed auditing and inspections
regime from a higher level, with decisive action
taken to prevent reoccurrence of such a situation
should it arise. The capital value of modern vehicles
is simply too high to justify cannibalization of any-
thing other than very old units. Such cannibaliza-
tion is indicative of problems within a maintenance
organization; the system should be evaluated to de-
termine why such actions are occurring. Cannibal-
ization of vehicles due to long spares LTTA, or sim-
ilar challenges, can result in a situation of increas-
ing maintenance backlog. In this scenario, the un-
availability of vehicles progressively worsens the
condition of the remaining units, effectively becom-
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ing a negative loop that causes ever more vehicles
to go off-road.

In my opinion, the old WWII echeloned main-
tenance system is inefficient. It creates longer re-
pair cycles due to the time taken for equipment to
move between levels in the maintenance chain and
repetition of diagnostic maintenance activities. It
also lowers operational readiness in comparison to
a more streamlined 2-Level system.

In Army Logistician, Richard Price also dis-
cusses the concept of modular component replace-
ment by vehicle operators. Although this would be
extremely efficient and operationally desirable, it is
not workable from a cost perspective without a fix-
forward/repair-rear maintenance philosophy being
firmly in place beforehand. The costs of replace and
discard systems for a large fleet can also prove to be
prohibitive and wasteful. To avoid inappropriate re-
placement intervals and the associated wastage, a
very clear delineation must be established of which
components will be sent for repair to be reused
again later, and which will be discarded perma-
nently for each vehicle type in service.

In-House Manufacturing  

When an organization has its own in-house
maintenance, the effective functioning of a large
modern fleet of specialized vehicles (either in the
civilian or military spheres) can often lead to 
manufacturing tasks being carried out by the main-
tenance facilities. These tasks—metal working,
welding, painting, plating, etc.—often result from a
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requirement to add minor modifications to vehicles
such as storage boxes, steps, or similar items.

However, many organizations do not fully rec-
ognize this role or what is required for it to be suc-
cessful within a system primarily based around ve-
hicle maintenance tasks. Maintenance tasks will
generally vary from job to job and can maintain a
level of interest for personnel. Manufacturing tasks,
by their nature, are repetitive and require a mindset
of process optimization to produce units efficiently
in bulk. The effect on personnel of a switch from a
maintenance role to one of manufacturing must not
be ignored, as keeping personnel motivated to work
through monotonous repetitive tasks can mean the
difference between success and failure. The skill set
available within the organization must also be ap-
propriate for the design of vehicle parts, both to
carry out the necessary engineering tasks and also
to ensure any external vehicle changes do not fall
foul of relevant legislative requirements for the sub-
sequent operation of the vehicles.

Energy usage and environmental legislation
for the manufacturing process of even small quanti-
ties of items can drive costs upwards. Design and
manufacture requires specific in-house skills; there
are likely to be higher efficiencies present in a ded-
icated manufacturing organization outside your
company. Also, outsourcing manufacturing related
tasks enables us to effectively off-load the legal and
Health and Safety responsibility for design errors.
When these considerations are taken into account,
sub-contracting manufacturing tasks may prove to
be a better route for most fleet owners. If the entire
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fleet is equipped with a new additional item at the
same time, then the cost of sub-contracting the de-
sign and manufacture can be a one-time expense.
This approach may be more economical than sub-
contracting on-going tasks such as true mainte-
nance. Of course, other considerations such as labor
usage, processes, and capacity will also have an ef-
fect on costs if your organization requires in-house
manufacturing. These items will have a greater ef-
fect on cost effectiveness than energy or environ-
mental concerns on a daily basis, but all must be op-
timized to reduce costs.

The 12 steps involved in optimizing the in-
house manufacturing process are listed below. A
more extensive discussion of process optimization is
available in the Process Optimization Guide for
Military Manufacturing and Maintenance Facili-
ties (Lin, 1999).

Many organizations are not fully appreciative
of the numerous small manufacturing jobs that are
conducted on an annual basis to benefit their fleet
— from production of difficult-to-source vehicle
components to the manufacture of items that would
otherwise have a long LTTA. It is not in the best in-
terests of any business if funding for these essential
tasks must be found through creative accounting in
other budgets. It is essential that manufacturing
tasks in a maintenance facility are recognized,
quantified, and budgeted for accordingly.
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Identify critical cost issues…that adversely impact
operation efficiency, cost, energy, environmental, and over-
all performance.

Conceptually model the existing manufacturing and main-
tenance operations.

Financially analyse the manufacturing and maintenance
process to develop the total cost of….critical issues.

Develop a Process Flow Diagram to quantitatively define
key technical values and costs.

Develop a weakness analysis to challenge the existing
process.

Identify solutions to critical cost issues.

Select the best solutions that offer the greatest savings po-
tential and best chance of implementation.

Develop ballpark economics for the best solutions to
estimate payback.

Categorise and group solutions as to ease of
implementation.

Conduct a formal debriefing of results to obtain
management buy-in.

Document all results.

Propose an Implementation Plan and secure commitment to
proceed.
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P e r s o n n e l

The training of personnel is important for im-
proving staff skills and for continuous development.
It is also essential for working with systems that
have safety considerations, such as refrigerants
used in vehicle air conditioning. However, when
purchasing new vehicle types, it is important we
don’t place too much faith in the process of supplier
or vendor training. Suppliers will often train your
operating personnel in how to use equipment when
everything is working. Unfortunately, they will not
train them in how to resolve unexpected situations
when equipment is not working properly. Unlike
the purchasers, the manufacturers of military or
specialist vehicles rarely use their own vehicles in
large numbers on a daily basis over long periods of
time. Likewise, training in-house maintainers to
become familiar with the majority of vehicle faults
can take years. This degree of training will not be
covered on a supplier course during a period of a few
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weeks. In fairness, many of the vehicle faults we
have to address with new vehicles are unforeseen
failures that occur after 5000 km.

Staff are a key asset in any business or organ-
ization. When it comes to collecting information on
vehicles being maintained, the feedback of the me-
chanics who are actually performing the hands-on
maintenance is often the most important source
available to the maintenance manager. There
must be a system structured to collect the mechan-
ics’ comments and review them in an appropriate
manner.

In many organizations, this process is facili-
tated through weekly or monthly sessions com-
monly called tool talks. These meetings must have
a tight agenda defined beforehand; otherwise, they
can end up taking hours to complete, or proceed to-
ward unplanned topics. 

Although staff ultimately is usually the key
asset in a company, especially of any maintenance
endeavour, they are also often a complicated and
difficult aspect of business to deal with from a man-
agement perspective. Human nature being what it
is, personnel will have good days and bad days, en-
ergetic and slow days, motivated and de-motivated
days. Entire books have been written covering per-
sonnel management. Seemingly insignificant
items, as simple as job titles, do matter. Staff need
to be treated with dignity and respect, while being
effectively organized by management, who are in
charge and who act fairly, without any positive or
negative bias, and without trying to be the staff
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members’ best friend. This approach can be summa-
rized by three Fs:  Fair, Firm, and Friendly.

We previously mentioned that the possibility
may exist to assign an identification tag to individ-
ual staff members to facilitate tracking the time
taken for different jobs and tasks. Ironically, the im-
plementation of a system to track labor time can, in
some cases, actually improve morale. It will allow
the mechanics to have a definitive set of values
against which they can measure their work. If they
meet these values, they know they are doing a good
job. Unfortunately, one of the traditional aspects of
vehicle maintenance is that the staff do not get ac-
curate feedback on their work. A main reason is
that there is no defined time standard in place for
carrying out particular tasks. If such a system can
be implemented, it will potentially have benefits for
the staff and organization as a whole.

There is a definitive value allotted to staff in
any organization. However, it can be difficult to
measure and allot the value added by staff wages to
the turnover of maintenance tasks. This value is es-
pecially difficult to measure for floor supervisors
and management whose role cannot be allocated to
a single individual job. However, everyone ulti-
mately has their own job to complete, and most peo-
ple realize in the current economic climate that do-
ing their daily work as required is the minimum
standard expected by management.

Organizing personnel into individual vehicle
maintenance tasks normally results from a number
of considerations.
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Working teams of two personnel is generally
effective for routine vehicle maintenance tasks. De-
pending upon the type of vehicle and the practical-
ity of more personnel sharing the workload simulta-
neously, the team size can increase if a task is ur-
gent. A single mechanic working alone will often be
sufficient for routine tasks such as servicing light
vehicles. 

In a recessionary climate, there is often a ten-
dency to try and reduce the numbers of mainte-
nance personnel. However, without placing vehicles
into long-term storage, or otherwise reducing the
fleet size, the effect of reductions in maintenance
personnel is a rapid increase in the numbers of ve-
hicles off-road. The recessionary economic situation
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Health and Safety — It may be unsafe to have an individ-
ual working alone in a particular location or on a particu-
lar job. It may, alternatively, be unsafe to have too many
personnel working on top of a vehicle simultaneously, or
working in a confined space.

Efficient Use of Time — Personnel need to be focused on
the task at hand in order to work at a good pace. People in
ever larger groups will find more topics to discuss and
distract them from their work, so the size of the mainte-
nance team should be kept as small as practical.

Expertise — Different tasks and vehicles can require dif-
ferent sets of expertise and experience. On particular
jobs, personnel may need to share their skill sets to over-
come particular technical problems.



requires an element of thinking outside the box be-
cause it can be difficult or impossible to take on ad-
ditional permanent staff. Using limited, such as
three- or five-year contracts can get around the dif-
ficulty of hiring into permanent positions. Reces-
sions also often result in a glut of exceptionally
qualified maintenance professionals who are avail-
able for contractual work. 

A method often used by many businesses to
meet various requirements is sub-contracting jobs
to other companies. Sub-contracting can be an ef-
fective means of overcoming short-term personnel
shortages or increases in maintenance demand. It
can be used instead of, or in addition to, an overtime
facility to meet excess demand on a temporary ba-
sis, while maintenance system improvements are
achieved. However, it is generally not efficient in
the longer term. Outsourcing tasks is most econom-
ical for irregular or specialized tasks — those times
for which it would be more expensive to employ the
required knowledge and skills full time.

For tasks such as component refurbishment
(e.g., engine, transmission), the refurbishment and
repair of ancillary equipment, or collision repairs,
the specialized skills of an external company can be
economical. As the tasks become more frequent, the
value of outsourcing steadily reduces to a point
where it is more economical to move the work in-
house. Moving such work in-house becomes more vi-
able because you know your fleet requirements and
circumstances better than any external mainte-
nance provider. The move also makes sense because
there is sufficient turnover of these tasks to justify
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any capital equipment expenditure as well as the
training and wages of staff to conduct the work.

Sub-contracting work is also suitable for unex-
pected situations where, for example, worker avail-
ability can be adjusted by using external staff to
meet temporary increases in demand. A company to
which work is being contracted out should generally
incur similar costs to the in-house maintenance sys-
tem, plus their profit margins or fees added on top of
this. There is no secret technique involved in exter-
nal maintenance that cannot be applied in-house. 

There are few reasons why in-house costs, in a
large well-established maintenance organization,
should be exceptionally higher than costs in an ex-
ternal company for a similar quantity and type of
work. If they are, then a serious review of costs
must be carried out. It may be the case that an out-
sourced job is cheaper because the external workers
are paid less than your own employees. Other costs
such as avoiding exposure to vacancy, overtime
bills, and health and safety compensation risks, as
well as an outside company’s ability to order a
larger quantity of maintenance materials, can com-
bine to reduce the cost of sub-contracting work. The
costs of taking sub-contracted work back in-house
also need to account for the direct maintenance
costs, such as spare parts and ancillary expenses,
that were previously included in the external con-
tractor’s fee and now need to be considered in addi-
tion to the wages of additional in-house staff. These
factors must also be accounted for prior to switch-
ing to an in-house system.
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In the case of military organizations or those
civilian organizations using unique equipment,
sub-contracting of work may not be commonplace.
The reasons include impracticalities related to
maintenance personnel in an external company un-
dergoing training on specialized equipment and ve-
hicles. There can also be difficulties with the provi-
sion of unique spare parts, which a subcontractor
may not be able to easily source.

For the management of personnel to be effec-
tive on a task-by-task basis, there must be measur-
able standards in place by which to rate the staff. In-
dividual maintenance tasks should be quantified re-
garding their estimated time for completion, accord-
ing to a standard method of computation, so that
any issues with underperforming maintenance per-
sonnel can be accurately identified and addressed.
Such quantification is often achieved through a
time-study, which can then lead into an analysis of
each task. Following this time-study, a work simpli-
fication process can be undertaken to improve the
maintenance staff ’s overall performance.

In most western countries, the nature of mod-
ern employment legislation requires keeping accu-
rate written records of any issues with staff and the
means and timing by which the staff members were
informed of each issue with their performance. To
accurately quantify underperforming staff who are
not completing their tasks at an appropriate rate,
you must have a record not only of when they
started and completed a task, but also the points at
which secondary support tasks were achieved by
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the organization, such as the supply of spare parts.
This information allows management to identify if
delays were not caused by the employees directly,
but instead were actually out of their control.
Recording how long the same task takes other em-
ployees to complete gives an additional benchmark
measurement. The most accurate method to meas-
ure these variables is through the use of a working
time clock or scan/swipe system with individual ID
cards for each employee.

It is essential that there is a high level of coop-
eration among all employees, at all levels of the or-
ganization, so that both management and direct
maintenance staff are working toward the same
goals of improved performance and productivity.
Any significant divergence in the overarching per-
spective of different staff towards the place of main-
tenance in the fleet will introduce difficulties to the
maintenance system. All support tasks such as
spare parts supply, cleaning, diagnostics, or any
other, must understand that they exist solely to
support the maintenance function.

The importance of the overall working envi-
ronment can also often be overlooked in the rush to
complete direct tasks. If personnel arriving to work
each day enter a dirty, dark, or disorganized envi-
ronment, they can develop negative attitudes. For
example, the importance of the indirect function of
cleaning staff in the workplace is key to the attitude
of other personnel, and is often underestimated. No
different from the old adage that the quality of a ho-
tel can be judged by its bathrooms, the quality of
workplace cleanliness tells a similar story.
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It can be of benefit to increase each employee’s
level of understanding of the job immediately above
them in the employment structure. This seems to
rarely happen in the current economic environment
where staff at all levels are afraid of being replaced,
reassigned, or let go. Consequently, they become
ever more insular and protective of their individual
role in the company. Giving employees more under-
standing of the reasons why their immediate supe-
rior is making specific decisions, or the thought
process behind certain types of tasks, can give them
an appreciation of the bigger picture, resulting in
improved morale and work turnover.

Such an aim can be achieved through presen-
tations on the organization’s employment struc-
ture, or having employees understudy their man-
ager for a period of time. It is preferable that this
presentation is made upon their initial employ-
ment. Regardless, it requires strong, confident, and
competent superiors to give potential successors a
good insight into their job.

It is essential for the maximum productivity of
personnel that maintenance tasks are planned
ahead of time and jobs are queued by the floor level
managers to ensure that unnecessary downtime is
minimized. Such planning should include all vehi-
cles presently in the maintenance queue, even if it
involves planning work for each maintenance team
3 or 4 jobs in advance. This plan, like any other, is a
guideline; it can be flexible or changed as required.

The further in advance that such jobs are
queued, the more flexible the plan will have to be.
However, if there is more than one waiting job
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queued for each maintenance team, you have ineffi-
ciencies in your operational and maintenance set-
up that should be assessed and rectified. The prior
planning of all maintenance tasks will not only fa-
cilitate the identification of such backlogs, but also
allow a more useful perspective on estimated time
to repair — to be given to the operators awaiting re-
turn of their vehicles.

Although the spares supply function exists
solely to facilitate the maintenance function, the
maintenance function exists solely to facilitate the
vehicle operators. This relationship is often forgot-
ten by maintenance managers who feel a sense of
ownership of the vehicle fleet. A simple whiteboard
located on the workshop floor and maintained by
the floor supervisor will allow all personnel to know
the quantity and type of vehicles awaiting atten-
tion. This board can ease the continuation of daily
maintenance if the floor supervisor is on leave or
otherwise unavailable. Although information is
power, the elimination of a gatekeeper mentality at
all organizational levels and the sharing of infor-
mation to improve maintenance efficiency is essen-
tial to achieve maintenance excellence.

Insofar as possible, the planning of all queued
jobs should include checking for parts availability.
Although such a task is not directly related to man-
aging personnel themselves, it does tie into the
overall time management of your personnel. Ensur-
ing parts availability now will avoid much wasted
time later.

When determining the total quantity of per-
sonnel required in your maintenance staff, both the
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historic data collected regarding vehicle failures
and the associated repair times for these failures
can be extrapolated to give the total repair time re-
quired annually for the fleet. Dividing this number
by the working time available for one mechanic dur-
ing a full year will give an approximation of the
number of mechanics required. Prior to completing
this calculation, it is important to subtract items
such as coffee breaks, washing up time prior to
work breaks, restroom breaks, etc., from the me-
chanic’s annual available working time. Also, if the
total quantity of employees is slightly below the re-
quired annual maintenance hours, it may motivate
management to pursue productivity and efficiency
improvements, while overtime and outsourcing can
temporarily meet any excess. If there are too many
employees they will create extra tasks or work
slower in order to justify their positions. Hence, it is
uneconomical to have excess full-time staff before
sufficient additional work is available.
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V e h i c l e  T e l e m a t i c s

As with Life Cycle Costs, there are entire
books available on the topic of vehicle telematics;
therefore, this is intended only as a very short
overview.

Modern equipment and the widespread use of
electronics in modern vehicles make it possible to
monitor and measure almost any input to a partic-
ular machine. We can also measure and record the
state of a particular piece of equipment or vehicle at
any moment in time. This information can be mon-
itored remotely in real time and saved for later ac-
cess and training usage. This trend will steadily in-
crease in coming years.

Telematics is the gathering and transmission of
information and data to or from a vehicle or piece of
equipment.

Although telematics is the gathering and
transmission of information and data, the nature of
this information and data can vary depending upon
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the requirements of the fleet operator. An increas-
ingly common use of telematics is the remote moni-
toring of cargo doors and global location on the
trailer units of high value loads such as ink-jet
printer cartridges. Such systems allow fleet opera-
tors to monitor, from a central control room, the lo-
cation of all their vehicles in real-time. For exam-
ple, they can record when doors are opened or closed
to ensure this happens only at designated drop loca-
tions. For medium value loads, real-time monitor-
ing may not be deemed necessary; the data can be
recorded for use later if cargo is missing or reported
lost. Individuals generally have an aversion to be-
ing monitored. As such, the introduction of such
monitoring systems can meet resistance from staff
and unions, requiring a strong argument to gain
buy-in.

In addition to security benefits such as those
described above, there can also be operational fi-
nancial benefits derived from a vehicle or driver
monitoring system. Such benefits are primarily in-
direct benefits achieved as a result of modifying
driver behavior. For example, if we monitor fuel us-
age and rpm, there will be no reduction in vehicle
fuel usage unless we effectively use this informa-
tion to educate the drivers to manage the vehicles’
rpm when driving and to minimize idling time. If
our fleet is large enough to justify the expense of a
permanently manned control room, or if we have
such a facility due to our security requirements, we
can also use real-time telematics for route opti-
mization in the event of traffic delays.

Recording existing fleet costs prior to pur-
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chase is a factor often overlooked by organizations
considering vehicle monitoring systems to reduce
operating costs and optimize routes. The existing
costs must be clearly defined before pursuing a
telematics purchase in order to fully quantify the
savings made after installation of such a system.
There is no doubt that the clearest and greatest
savings are to be made regarding fuel usage. Sav-
ings can result from lower fuel consumption caused
by better rpm management as mentioned, or from
reduced vehicle speeds as operators become aware
that their speed in the event of an accident, or even
without being in an accident, can be checked either
in real time or after a download.

Monitoring systems can be used to provide ev-
idence of misbehavior, such as speeding by drivers.
However, monitoring systems can also be used to
help prove a driver’s innocence. On numerous occa-
sions, I have generated monitoring system outputs
for military commanders regarding data from vehi-
cle and driver monitoring systems, where the data
indicated that vehicle drivers were not exceeding
speed limits at the time of various events. 

It is important to note that, at present, the use
of vehicle monitoring systems data recording in
civilian or military courts has not been widely
proven worldwide; we have yet to see how it will
withstand the rigors of legal process in the future.
However, many companies do use it to reward or pe-
nalize driver behavior based upon their in-house
company procedures. Driver monitoring systems
can be calibrated to grade drivers based upon
speed, harsh braking, gear shifting, and other mon-
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itored points. Such grading can be used in many
ways, such as to provide an increased end-of-year
bonus to the best driver. This practice can motivate
all personnel to improve their performance — in
turn, reducing our vehicle wear and fuel usage.

When considering a Telematics system, the
specific type of components, such as fuel senders
and gauges fitted to your vehicles, must be compat-
ible with your intended monitoring system. This
and similar issues can be clarified by the intended
supplier, but the most accurate method of fuel meas-
urement is to fit the vehicle fuel lines with flow me-
ters and take your readings directly. I have seen
monitoring systems where the type of fuel gauges in
particular vehicles did not generate a clear enough
electrical signal for the modern digital monitoring
system to receive and record fuel level accurately.
This example is only one of almost infinite incom-
patibility issues that can arise depending upon your
chosen monitoring system and fleet profile.

The extent of a monitoring system installation
can vary greatly depending upon individual re-
quirements, but the amount of training required for
your organization to self-administer such a system
should not be underestimated. If possible, the ad-
ministration of the system on an on-going basis
should be carried out by the supplier; otherwise,
you will need one or more employees to take on this
task full time. The personnel managing the system
must be sufficiently versed in the system to give ev-
idence in court — for example, regarding its accu-
racy if necessary. 

The administration of an installed system by a
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supplier is not an unusual occurrence. Most of the
established providers operate on this basis. They
can download data over the internet at regular in-
tervals and send you regular reports. Or they can
send reports on specific events as they arise, or as
requested. Having the supplier manage the system,
including such tasks as physical repairs or annual
calibration, can transfer a lot of the responsibilities
for accuracy of the recordings away from your com-
pany. Such ongoing management of the system
comes at a price, usually in the form of an annual
subscription with addition charges for non-stan-
dard reports. Check in your own country where ve-
hicle telematics sits in your national legal struc-
ture; in some countries, the act of monitoring and
recording drivers’ actions is itself illegal.

A basic fundamental system for vehicle moni-
toring will include speed monitoring, usually on a
second-by-second basis, and also the monitoring of
service brakes. Beyond these two monitored points,
the scale of monitoring is limited only by your orga-
nization’s needs and finances. Items to be moni-
tored can include gear changes, lights, handbrake,
door opening/closing, GPS location, rate of acceler-
ation, and many others. It is possible, as previously
suggested, to monitor all vehicle locations and
speed in real-time through the use of GPS tracking
with data being sent back to a monitoring station
via mobile phone networks. This does not have to be
very expensive; the information packets being sent
from the vehicles can be very small and may need to
be sent only every 5 minutes or so. By remotely con-
trolling the system settings, the tracking interval
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for any individual vehicle can be altered by the con-
trol room to every few seconds, if there is a on-going
event such as a theft or hijacking.

Remote diagnostics is another facet of telem-
atics which is likely to increase in use over coming
years and decades. Remote diagnostics can help
identify faults with vehicles in the field. These
faults can then be remotely rectified, for example,
by changing ECU settings for fan operation if a ve-
hicle is in danger of overheating. Remote diagnos-
tics can also be used to tell vehicle operators that a
vehicle needs to report to a maintenance location or
service depot due to a detected problem, thus avoid-
ing the problem degrading into a larger issue. In ad-
dition, remote diagnostics can compile data on the
status of a vehicle prior to its arriving for mainte-
nance, either after being recalled or through an au-
tomated transmission that is activated when a ve-
hicle drives through the entrance of a service depot.
Such actions reduce the diagnostic time required by
technicians, giving them an idea of the nature of ve-
hicle faults before the vehicle arrives onto the work-
shop floor.

Data from the systems can also be downloaded
via RF transmission at specified locations such as
depots, when vehicles return from their deliveries.
In addition, data can be downloaded manually us-
ing SD Cards, USB Keys, or the manufacturers’
proprietary download devices, if required.

Manual download of data should be avoided at
all costs and you should always aim for automatic
download using RF or Wi-Fi, or if applicable the auto-
matic transmission of recorded data via the internet.
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Downloading multiple vehicles manually can
very quickly become a laborious and time-consuming
task, causing failures by personnel to download data
at the required regular intervals. Ultimately, data
will be lost when the in-vehicle memory capacity is
full and begins to overwrite itself with newer data.

The use of CAN by a majority of modern vehi-
cles often simplifies the installation of Telematics,
although it is also possible to directly wire older ve-
hicles at more cost, if necessary. The use of vehicle
telematics can substantially benefit our fleet opera-
tions. But the scale of the task involved in its imple-
mentation and management should not be underes-
timated. I strongly recommend contracting the sys-
tem provider to manage it on an ongoing basis after
installation. Failing that, on any reasonably sized
fleet, one or more full time employees will be re-
quired to manage the system. 

Again, the use of any form of manual down-
load is strongly discouraged. RF or Wi-Fi data
transfer is essential to these systems operating ef-
fectively in a large fleet.

Vehicle telematics is an emerging industry,
comprising many different areas and uses as de-
scribed above; it also includes others not discussed,
such as remote entertainment transmission to civil-
ian vehicles. The possible benefits of telematics for
fleet operation have the potential to be ever more
significant in the future, but the financial savings
are indirect. As such, a tangible financial benefit
will only be realized if the telematics systems are
selected and used in an appropriate manner that
fits with your individual fleet operations.
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Key Points

If you take nothing else away from this book,
take these points:

1.   The maintenance setup of an organization does
not define the On-Road percentage for your
fleet. It facilitates the required percentage that
is defined by your organization’s needs.

2.   “Build your team and then trust them to get on 
     with it.” (Templer, 2011)

3.   Historic analysis (fleet analytics) is how you
find the inefficiencies and faults in your system
that are costing you money. Record keeping, ac-
curate data, and more record keeping are key.

4.   When it comes to significant changes for your
fleet, or expenditure related to your fleet, base
your decisions only on hard data and facts. If
you don’t have hard data, refer to Point No. 3
above.
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5.  Fleet and maintenance data must be
maintained digitally and in an easily accessible
format. You cannot afford to be tied into a cum-
bersome or non-functional record keeping
system.

6.  In the case of new vehicles, infrequent failures
from the moment they roll off the production
line are key to gaining and maintaining opera-
tor confidence. This requires a longer, more
thorough, and un-rushed purchasing process.

7.   In vehicle telematics, serious consideration
should be given to contracting out the ongoing
operation of your system. Otherwise, a
permanent staff will be required to operate it.

8.   In vehicle telematics, the use of any form of
manual download is strongly discouraged. RF
or Wi-Fi data transfer is essential to these sys-
tems operating effectively.

9.   A new vehicle can never be all things to all
men. Compromises will need to be accepted and
made. 

10.An RFI can significantly improve the initial
stages of any project, at virtually no cost to
your organization.

11. Setting timelines on a purchasing project that
are too short, or driven by budget dates or orga-
nizational politics, is not conducive to value for
money or to purchasing the best final product.
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12.If your aim is to buy a proven vehicle — one
that will enter service as quickly and smoothly
as possible — the key is to avoid modifications.

13.Commercial Off The Shelf (COTS) components
are the key to low cost, sustainable
maintainability; they can significantly
contribute to reducing life cycle costs.

14.Buying a fleet of new specialized vehicles is not
the same as buying a family car.

15.Ancillary vehicle purchase requirements, such
as spares availability, must be assured prior to
vehicle delivery.

16.Operator/Driver training must have a direct
relevance to the practical operating
considerations that will arise with the daily use
of the vehicles.
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Power
Horsepower Kilowatt x 0.7459

Kilowatt Horsepower x 1.3404

Speed
Km/Hr Miles/Hr x 0.6214
Km/Hr Meters/s x 0.2778
Km/Hr Feet/s x 0.9113

Miles/Hr Km/Hr x 1.6090
Miles/Hr Meters/s x 0.4470
Miles/Hr Feet/s x 1.4670

Meters/s Km/Hr x 3.6000
Meters/s Miles/Hr x 2.2370
Meters/s Feet/s x 3.281

Feet/s Km/Hr x 1.0970
Feet/s Miles/Hr x 0.6818
Feet/s Meters/s x 0.3048

Acceleration Due to Gravity 9.8067m/s/s

Volume
Cubic Meter Cubic cm x 1000000
Cubic Meter Liter x 1000
Cubic Meter U.S. Gallon x 264.172
Cubic Meter Imperial Gallon  x 219.969
Cubic Meter Cubic Foot x 35.3147
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Volume
Cubic Meter Cubic Inch x 61023.7

Cubic Centimeter Cubic Meter x 1x10 
Cubic Centimeter Liter x 0.0010 
Cubic Centimeter U.S. Gallon x 0.000264
Cubic Centimeter Imperial Gallon   x 0.000219
Cubic Centimeter Cubic Foot x 0.0000353
Cubic Centimeter Cubic Inch x 0.0610

Liter Cubic Meter x 0.001
Liter Cubic Centimeter x 1000
Liter U.S. Gallon x 0.2641
Liter Imperial Gallon x 0.2199
Liter Cubic Foot x 0.0353
Liter Cubic Inch x 61.0237

U.S. Gallon Cubic Meter x 0.00378
U.S. Gallon Cubic Centimeter x 3785.4118
U.S. Gallon Liter x 3.7854
U.S. Gallon Imperial Gallon x 0.8326
U.S. Gallon Cubic Foot x 0.1336
U.S. Gallon Cubic Inch x 231

Imperial Gallon Cubic Meter x 0.0045
Imperial Gallon Cubic Centimeter x 4546.09
Imperial Gallon Liter x 4.5460
Imperial Gallon U.S. Gallon x 1.2009
Imperial Gallon Cubic Foot x 0.1605
Imperial Gallon Cubic Inch x 277.4194

Cubic Foot Cubic Meter x 0.0283
Cubic Foot Cubic Centimeter x 28316.846
Cubic Foot Liter x 28.3168
Cubic Foot U.S. Gallon x 7.4805
Cubic Foot Imperial Gallon x 6.2288
Cubic Foot Cubic Inch x 1728

Cubic Inch Cubic Meter x0.0000163
Cubic Inch Cubic Centimeter x 16.3870
Cubic Inch Liter x 0.0163
Cubic Inch U.S. Gallon x 0.0043
Cubic Inch Imperial Gallon x 0.0036
Cubic Inch Cubic Foot x 0.000578
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Addition —Any alteration to the baseline vehicle that does not change
the fundamental engineered properties of its mechanical vehicle com-
ponents, usually in the form of add-on or ancillary equipment. Includ-
ing mountings for ancillary equipment or crew kit.

Area of Responsibility — A geographical region within a defined
boundary for which a military commander, manager, or other person
takes responsibility.

Availability % — The percentage of a vehicle fleet fully operational
and available for use at any given point in time.

Availability Driven Maintenance —A maintenance system where the
maintenance capacity and turnover are being determined by a lack of
ready availability of equipment or personnel resources.

Backlog — See Maintenance Backlog

Benefit-Cost Analysis —A process of evaluating the benefit of some-
thing with respect to its complete implementation cost.

Best Practice — When there is more than one method of achieving an
aim, the method which it is believed will achieve the aim in a better
fashion than any other method.

Breakdown Rate — The rate or frequency at which vehicles go Off-
Road or equipment becomes unserviceable.
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Bureaucracy — A chain of authority involving many levels of senior-
ity, with many administrators and officials at each level.

Cannibalization — A process of removing components from a vehicle
in order to fit them during maintenance to another vehicle, usually of
the same type.

Catastrophic Failure — The complete breakdown of a vehicle or ma-
chine from which it cannot be recovered, requiring mechanical repairs
to return the unit to operation. 

Class Code — A designation or number used to indicate an individual
type or class of vehicle.

Co-Location —When a number of facilities used to carry out different
maintenance functions, are located on the same site.

Component — A mechanical part of a whole vehicle.

Contract Maintenance — A process of paying an external company to
conduct vehicle maintenance instead of conducting it within your own
organization. This process can be for an entire fleet or on an as neces-
sary basis for individual vehicles.

Cost-Benefit Analysis — See Benefit-Cost Analysis

Crew Maintenance — Minor vehicle maintenance tasks carried out by
the vehicle operators. Usually involving tasks that do not require the re-
moval and replacement of components.

Critical Cost Issues — Tasks, issues or procedures that incur the most
significant costs for your organization.

Depreciable Life — The total period of time during which your vehicle
or equipment holds a financial value above its residual value.

Depreciation — The financial value that a vehicle or piece of equip-
ment loses over time after it is purchased.
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Design for Maintenance— A process of designing vehicles and equip-
ment in such a manner as to ensure that maintenance can be carried out
in the easiest and quickest ways possible.

Design for Reliability — A process of designing vehicles and equip-
ment in such a manner as to minimize component failures during differ-
ent types of envisioned usage.

Devolved budget — A budget that allows lower level managers to de-
termine how the money in the budget is going to be spent.

Direct Running Costs — The financial expenditure required to enable
a vehicle to physically travel from one point or location to another.

Direct Tasks — Those tasks that physically contribute to repairing or
rectifying a fault on a vehicle or piece of equipment. Direct tasks can be
delayed by the time taken for preceding indirect tasks.

Downtime— The length of time when a vehicle or piece of equipment
is non-operational or not capable of fulfilling its required purpose.

Execution Ratio — The proportion of jobs fully completed as per the
maintenance schedule, relative to the proportion of jobs which that
have not been completed in accordance with the maintenance schedule.

Failed Repair— A repair that is unsuccessful in returning a vehicle to
service for the anticipated length of time prior to a repeat failure.

Failure Analysis — A process of investigating failures to determine
when, how, and why they have occurred; in order to devise prevention
measures to reduce future failures.

Failure Distribution— The time or mileage interval at which failures
are occurring for a single component type, and the quantity of those
failures which are occurring at each interval.

Failure Frequency of Occurrence— The number of failures of a sin-
gle type occurring during a specified time period and the length of time
between those failures.
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Failure Rate — See Failure Frequency of Occurrence

Forced Deterioration — Deterioration of a vehicle caused by its use
in a manner other than its design specification.

Gatekeepers — Employees within an organization who withhold in-
formation in order to use it for their own gain at a later date or to rein-
force their own sense of self-importance.

Hands On Tool Time— Time that a maintainer spends physically car-
rying out maintenance tasks on a vehicle.

In-Direct Running Costs — The financial expenditure required in the
background to keep a vehicle in such a condition whereby it can incur
direct running costs.

In-Direct Tasks — Those tasks that precede direct maintenance tasks
but are not included in the hands-on repair or resolution of vehicle
faults. In-Direct tasks for example include scheduling, recovery, fault
diagnosis, and spare parts supply.

In-House Inventory — Vehicle spare parts that are being held in stock
within an organization, ready to be issued for use as required.

In-House Maintenance — Maintenance which is being conducted by
employees of the same organization operating the vehicle or vehicles.

In-Service Modifications — Permanent modifications implemented
by the customer to a vehicle platform after it has already entered serv-
ice.

Integrity Priority Tasks — Maintenance tasks that are carried out to
preserve the integrity of a vehicle, such as to prevent future degradation
and worse failures of sub-components.

Life Cycle Costs — Financial costs which that will be incurred
throughout the entire lifetime of a new vehicle.

Life Extension Program— Permanent modifications implemented by
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the customer to a vehicle platform after it has already entered service,
in order to extend its useful in-service lifespan.

LTTA (Lead Time To Availability) — The amount of time required
between ordering a component and its becoming available to the front-
line maintainer for usage.

Maintainer — A professionally qualified person employed to conduct
maintenance and repair tasks on vehicles and their equipment. Includes
various discipline such as mechanics, auto electricians, communica-
tions technicians, and ordnance technicians.

Maintenance — A process of preventing or resolving vehicle or equip-
ment faults and failures.

Maintenance Backlog — The queue of Off-Road vehicles that are not
yet undergoing hands-on maintenance or receiving the attention of
maintainers.

Maintenance Capacity — The total quantity of vehicles that can re-
ceive the attention of maintainers at a given maintenance location, at
any single point in time.

Maintenance Cycle — The level of demand for vehicle maintenance
experienced by a maintenance system throughout different times of a
typical year.

Maintenance Intensive Period — A period of time when extraordi-
nary measures are put in place to increase the maintenance capacity and
turnover of a given maintenance location.

Maintenance Performance — How effectively an overall mainte-
nance system is at meeting the required aims of repairing and returning
vehicles to service.

Maintenance Management System — A system of scheduling main-
tenance tasks, tracking their implementation, planning subsequent
tasks, and reviewing all maintenance previously carried out.
Maintenance Scheduling — A system of pre-planning maintenance
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tasks, the time they will take place, and an estimate of their time for
completion.

Maintenance System — The overall process in place to prevent vehi-
cle failures, and return vehicles or equipment to service from the time
they begin to malfunction to the time they are again fully functional and
operational.

Malfunctioning — A vehicle or piece of equipment that is functioning
incorrectly or not functioning at all, in accordance with its specifica-
tions and design performance.

Manufacturing Tasks — Tasks involved in the production of assem-
blies and components from raw materials.

Mid Life Upgrades— Permanent modifications carried out by the cus-
tomer during the life cycle of a vehicle or piece of equipment, in order
to bring the performance up to modern levels or to generally improve
performance.

MMBF (Mean Miles Between Failure) — The average distance, usu-
ally measured in miles or kilometers, between failures of vehicles of the
same type.

Mobile Workshops – A vehicle repair workshop built into a truck or
other vehicle, carrying equipment and spare parts, which that can then
travel with groups of vehicles to provide maintenance support away
from base.

Modification — Any alteration to a baseline vehicle that changes the
fundamental engineered properties of its mechanical vehicle compo-
nents, including removal of moving components and/or their replace-
ment with alternatives.

MTBF (Mean Time Between Failure) — The average time, usually
measured in operating hours, between failures of repairable compo-
nents of the same type.

MTTF (Mean Time To Failure) — The average time, usually meas-
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ured in operating hours, between failures of non-repairable components
of the same type.

Off-Road — A vehicle that is not functional or not operating.

Operational Fleet— A fleet of vehicles being used within a geograph-
ical operational area. 

Operational Theatre— A geographical area within a larger theatre of
war, where operations are actively taking place.

Operators — The end users of a vehicle who are involved in physically
operating it on a daily basis.

Outsourcing — Using an external supplier or company to provide
services or work.

Post Delivery Inspection — A vehicle inspection conducted after de-
livery to the customer, to ensure that a new vehicle has not suffered any
damage in transit.

Pre Delivery Inspection — A vehicle inspection conducted after pro-
duction and before delivery to the customer, to ensure that a new vehi-
cle meets the purchase specification and the required quality standards.

Predictive Maintenance System — A system of replacing vehicle
components prior to failure in order to prevent the failure occurring.
The replacement schedule is based upon the observed degradation rate
of components in operation.

Preventive Maintenance System — A system of replacing vehicle
components prior to failure in order to prevent the failure occurring.
The replacement schedule is based upon the observed time interval of
past failures for each component.

Process Optimization — A system of reducing inefficiencies, to result
in the minimum time for a process or series of tasks to be successfully
completed.
Production Line— A sequence of operations within a factory that pro-
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duces vehicles through a number of consecutive stages.

Queued Maintenance — Vehicles or equipment requiring mainte-
nance tasks, that are in a queue awaiting availability of maintainers or
other resources before work is initiated.

Reactive Maintenance — Replacing or repairing vehicle components
in response to a failure that has already occurred.

Recovery — The process of collecting an Off-Road vehicle and mov-
ing it to a location where it can be repaired.

Reliability% — See Availability

Reliability Centered Maintenance — A process defining the overall
maintenance system, used to establish the safe minimum levels of
maintenance while still maintaining reliability of the vehicles or equip-
ment.

Repairables — Vehicle components that can undergo repairs to return
them to use.

Repair Codes — A designation or number used to identify the compo-
nent groups, assemblies, and sub-assemblies that are being repaired on
a vehicle platform.

Replacement Frequency — The time between scheduled replace-
ments of vehicle components in a preventive maintenance system.

Replacement Tasks — Maintenance tasks involving the physical re-
moval and replacement of components on a vehicle platform.

Residual Value — The remaining value a vehicle holds at the end of its
useful life due to the raw materials present in its construction, or its po-
tential remaining utility for use by a different organisation or in a dif-
ferent role.
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Resource Allocation — A process of allocating equipment and main-
tenance resources to particular maintainers to facilitate their tasks being
completed as per the maintenance schedule.

Root Cause— The underlying original cause that ultimately generated
a later failure.

Root Cause Analysis— A process of identifying the underlying cause
of a failure.

Safety Critical Tasks —Maintenance tasks that are carried out to pre-
vent a likely accident or incident occurring due to component failure
while the vehicle is in operation.

Safe Failure Mode — A vehicle component or assembly that fails in a
safe way so as to prevent accident, injury, or damage; for example, a
braking system that can only fail with the brakes engaged.

Scheduling — See Maintenance Scheduling

Self-Sufficient — Able to meet all maintenance and operational needs
without support from other vehicles.

Specializations — Specific areas of vehicle maintenance other than
general mechanical maintenance, such as electrical, ordnance, or com-
munications.

Specialized Vehicle — A vehicle that is designed and used to fulfil a
very specific out-of-the-ordinary role.

Spurious Parts — Vehicle or equipment components which  are man-
ufactured by an alternative to the original genuine parts manufacturer.
Spurious parts may be manufactured to a higher or lower quality stan-
dard. In some cases, they may be less expensive but less reliable than
genuine parts.

Standby Vehicle — A fully serviceable vehicle not allocated for use
that can be rushed into use when required to replace a vehicle which has
gone Off-Road.
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Stranded Costs — Costs that cannot be recovered except over the full
service life of a vehicle. An investment in new vehicle housing for new
vehicles would usually be a stranded cost.

Time Study — A process of examining the time taken for each individ-
ual element of a task, in order to determine the fastest and most efficient
way to complete that task.

Total Productive Maintenance — A process of maximizing vehicle
On-Road time by minimizing deterioration of maintenance issues and
unplanned stoppages of equipment or failures of components.

Trickle Charging — Also known as Maintenance Charging or Smart
Charging. Charging a vehicle battery at a rate slow enough rate to main-
tain a full charge state without over-charging, preferably using intermit-
tent current once a battery is fully charged.

True Maintenance — Vehicle direct maintenance tasks carried out in
order to rectify or prevent a vehicle fault. Usually involving the re-
moval, repair, and/or replacement of components.

Turnover — The quantity of vehicles entering and leaving the mainte-
nance system at any given point in time or over a given time period.

Ultra-Reliability— The occurrence of no failures, or very few, during
the entire usable life of a vehicle or piece of equipment.

Unallocated Hours — Time within a maintenance schedule that is not
allotted to any tasks in order to allow flexibility in the schedule.

Unit Cost — The price of an individual vehicle, component, assembly,
or piece of equipment.

Unplanned Failure — The failure of a vehicle or its components that
was not foreseen by the maintenance schedule.

Unplanned Maintenance — See Reactive Maintenance

Unscheduled Maintenance — See Reactive Maintenance
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Unserviceable — See Off-Road

Upgrade — An addition or modification to a vehicle which will either
improve the mechanical properties of a component, or which will im-
prove the performance of the vehicle related to operations and/or main-
tenance.

Usage Profile — The way a vehicle is being operated, considering all
aspects, such as amount of time on-road versus off-road, loads being
carried, average time spent at different speeds, etc.

Variants— Different versions of the same vehicle that are equipped to
fulfil specific and differing roles.

Vehicle Acceptance — See Post Delivery Inspection

Vehicle Baseline — The design of a vehicle as per its original specifi-
cations and engineering standards prior to upgrades, modifications,
changes, or redesign.

Vigilance Decrement — Also known as cognitive fatigue. The inabil-
ity of a person to remain vigilant for errors, a steady reduction in their
vigilance, or a slowing in their reaction time.

Warranty Modifications — Permanent modifications carried out by
the manufacturer on a new vehicle after delivery, free of charge, to rec-
tify a production fault or a design error.

Weakness Analysis — Analyzing a process or series of tasks to deter-
mine where failures are likely to occur or efficiency losses are being in-
curred in a system.
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