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ABSTRACT

This research has examined how Field Service Management can
most effectively distribute inventory in a multi-echelon
environment to meet their exacting customer service
requirements. Emphasis has been placed on the distribution

of spares inventory and the distribution mode itself.

A series of twenty structured interviews was conducted in
order to establish the basis for a Generic Model of Field
Service Organisations and to determine current practises.
Initial analysis indicated the importance of the role of the

mobile engineer and module refurbishment.

A simulation model of the Generic Model was constructed and
successfully applied in a collaborating company. The

simulation model has evaluated the inventory requirements at
each echelon of the logistics organisation and examined the

impact of different logistics structures on performance.

It has been shown that the feedback repair loop of the field
service activity and the dynamic nature of the activity

exhibit a far greater impact upon system performance than

any other factor.
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GLOSSARY

The following list of acronyms and words comprise the terms
of reference used in this thesis. Reference has been made to

the APICS dictionary [1].

CTF Call-To-Fix Time.

FSM Field Service Management.

Lce Life Cycle Cost.

MEST Mean Emergency Shipment Time.
MRCT Mean Refurbishment Cycle Time.
MRLT Mean Replenishment Lead Time.
MTT Mean Engineer Travel Time.

MTTR Mean Time To Repair.

OEM Original Equipment Manufacturer.
TPM Third Party Maintenance.

ABC Classification, based on Pareto’s Law which states that
a small percentage of a group accounts for the largest
fraction of the impact e.g. 20% of inventory may comprise
80% of value or usage.

Attribute, a characteristic ascribed to a particular entity.
Central store, the main store through which the procurement
and distribution of inventory is managed.

Consumables, parts which are used only once and discarded



upon failure. These are typically low value items.
Distribution network, the planned channels of inventory
distribution from manufacture to the field warehouses, see:
physical distribution.

Entity, an object within a discrete system which engages in
activities.

Field Engineer, an individual capable of repairing the
products maintained by an FSM organisation. Most repairs are
performed at module level. Such an individual will have
available a van-kit or swapkit.

Inventory, items which are in a stocking location and which
serve to decouple each location from a lower level demand.
Lead time, a period of time required to perform an activity,
commencing from the recognition of the need for the activity
to its completion..

Local Store, a specific geographical location, other than
central store, at which inventory is held. Attached is a
group of engineers who cover the particular region
surrounding the local store.

Logistics, the art and science of obtaining and distributing
inventory. It can include the movement of personnel.
Physical Distribution, the movement of service parts from
manufacturer, through the distribution network, to the end
consumer. This activity encompasses warehousing,

transportation, inventory control, material handling and

_xi_



administration.

Repairables, parts which, upon failure, are repaired and
returned to stores for future use. These are typically high
value items.

Response time, the time taken from receiving a fault call to
an engineer arriving on-site.

Service Level (customer service ratio), a measure of the
effectiveness with which inventory meets actual demand,
usually presented as a ratio of demands filled divided by
the total number of demands.

Simulation, the development of a model of a system and the
subsequent experimental manipulation of that model.
Stochastic, random.

Stochastic Model, a model where uncertainty is explicitly
considered in the analysis.

Swapkit, a product specific range of parts held in a local
store and available to the field engineer as a temporary
loan.

Van-kit, a range of parts held in a vehicle and the
responsibility of a particular engineer. A van-kit is
inventory that is permanently assigned to an engineer.
Variable, characteristics of a system which are global in

nature and therefore do not relate to a specific entity.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

Over the last twenty years greater attention has been
focused upon the increasing cost of manufacturing and
service support resources. Within manufacturing and supply
organisations this has led to a greater awareness of the
costs of inventory, storage and transportation. No longer
can companies afford to produce large product batches to
achieve high machine utilisation, without the realistic
expectation of clearing stock in the future. One result of
this has been the development of inventory control into a
range of sophisticated techniques and approaches. These
require the practitioner to forecast demand, protect against
demand uncertainty, balance inventory across a product range

and ensure it is available when required.

Field Service Management (FSM) is just one of the many
disciplines requiring the accurate control of inventory. The
geographic dispersion of the customer base and the nature of
the repair operation requires that a distributed stores
structure and a mobile engineer workforce exist to meet the
response times demanded for equipment service. This

additional dimension of inventory distribution gives rise to



a more complex analytical problem.

Gattorna [52,p.12] describes the provision of a distribution
service and the level at which it is sustained as a
"'strategic issue of the greatest importance". He goes
further to describe customer service [52,p.24] as "a
balancing component that incurs cost in order to provide
distribution system performance to meet customer needs". The
importance of distribution in customer service activities
can therefore not be overstated. It services demand and can
provide the competitive environment necessary to sustain the
activity. It is however an activity incurring high costs and

therefore requires careful management.

A general statement of the FSM objective may be:

To provide a maintenance service where and when it is
required, in the most appropriate and cost effective

manner.

However, this statement fails to reveal the practical
difficulties encountered in managing the logistical
complexities of the FSM activity. Broadly these complexities

are:

H A product, usually modular in design, comprising of

many modules each of significant value.



8 High product reliability, giving rise to comparatively

low service partsl demand.

[ ] Products which undergo continual technical improvement.
[ | Widely dispersed geographical demand.

F] A wide product range.

] The need to compete with other manufacturers or service

organisations on similar contractual terms, which

continuously evolve.

The ability of FSM organisations to swiftly repair faulty
equipment can have an impact upon their business out of all
proportion to the cost of repair. Providing such a service
across a range of equipment which is geographically widely
distributed, has proved a considerable logistical problemn.
The quality of service has also been widely reported as a
key issue in the purchase decision of the customer. To fail
to meet the prevailing standards is an act of commercial
suicide. When coupled with the relentless growth in product
mix and complexity, FSM evolves more and more as a strategic

issue.

Competitive advantage is increasingly a significant factor.
Traditionally FSM has been a spin-off from the manufacturing

activity. A necessary evil. It has previously exhibited

1
Henceforth, the term "service part" shall be abbreviated to "spare".



little input in strategic decision making. However, there is
increasing evidence of companies using product reliability
and product support as essential marketing strategies to
maintain or enlarge their market share. Currently FSM
activities contribute on average 10% of company revenue, and
with more specialised companies the contribution is higher,
towards 30%. This valuable contribution is worthy of tighter
control and is indicative of FSM’s rising importance.
Effective control calls for a greater understanding of the

role of FSM and how it is organised and managed.

The solutions FSM has adopted to overcome the problems it
faces are many and varied, but they do exhibit certain

common features. These include:

4 Distribution of service centres throughout the country,
each holding a wide range of spares.

7] A central service centre to support the distributed
service centres.

& Mobile engineers responsible for diagnosing and curing
faults on customer sites, who carry a range of spares.

& National or local repair facilities, predominantly for
the purpose of refurbishing recoverable (repairable)

spares.

A FSM organisation has little option but to meet its

contractual commitment with a customer, embodied in a



service contract. To do this effectively it must assess the
demand on two key resources, inventory and manpower. These
must be balanced and distributed according to local and
national needs. Issues such as training of engineers and
storemen must be considered. Decisions on the most
appropriate methods of support by the company to its local
service centres and to its customers must be agreed.
Inflation, scarcity of resources and increased product
complexity have made the maintenance of new equipment a

demanding management task.

An awareness of service trends is a factor which is
continuously serving to reshape the service profile. To
provide a customer’s preferred level or method of service
may not be considered practical or desirable. It may require
new work practices or reallocation of resources. However,
such a decision has to be taken in light of achievable

competitive advantages, as well as dominant service trends.

Another factor to be taken into account is the desirability
of implementing quality standards such as BS 5750, a U.K.
national standard, or its international counterpart ISO
9000. These standards demand that an organisation exhibit a
high degree of inventory, quality and information control.
The associated performance and accuracy measures go a long
way to ensuring complete customer care whilst also

presenting an opportunity to formalise and improve Field



Service procedures. It is notable that these standards are
becoming more common place and are often a business

prerequisite.

This research has focused on FSM within the U.K. computer
industry, and draws upon a series of structured interviews
conducted across a representative sample of the FSM
community. It has involved close collaboration with Dawson
Berkley and Partners Ltd., specialist consultants in FSM,
and with the U.K. Supplies Division of ICL (International
Computers Limited). Against this background, a generic model
has been developed which provides a means of describing most
FSM activities encountered. This model has been translated
into a simulation model which has been tested using ICL

data.

1.2 MULTI-ECHEION SYSTEMS

The characteristic structure of FSM systems, a tree-like
network, has become known as a multi-echelon structure.
Multi-echelon systems are a means of describing activities
which involve the distribution of resources at different
levels in an organisation utilising the multi-echelon
structure (see Figure 1.1). In this case they describe the
disposition and direction of flow of inventory through the
organisation. The multi-echelon system may serve to describe

the following details:



- Distribution channels available.
- Inventory stocking points.

- Transport modes.

- Transshipment opportunities.

- Warehouse numbers and location.

- Scheduling policies.

- Communication and control methodologies.

All of these contribute to a dynamic relationship which

affects each component of the distributed system structure.

R e
J | Z
| J E- SR )
/
#——‘—_‘#ﬂ \\\
e i ot
| T T T
FRER o b il
RS T S
OO O D) 7 SR
Pr—y Transhipment Route
— Normal Supply Route
Figure 1.1 MULTI-ECHELON STRUCTURE

PRODUCTION

STOCKING
ECHELONS

DEMAND

In keeping with this, the logistics concept is to optimise

the whole function rather than individual operations, and




therefore require a means of defining system behaviour.

At least two echelons must exist, that of the manufacturer
and that of a level closest to the source of demand. There
may also be intermediate echelons which act as further
buffers between the sources of demand and of supply. These
echelons offer an opportunity to reduce storage and/or
transportation costs. They also offer the opportunity to
provide a more complete service. Such systems conveniently

fall into two categories:

1) Arborescent systems (Figure 1.2).
In arborescent systems each node may only be fed by one

node, but may itself feed several nodes.

. 2
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2) Multistage production systems (Figure 1.3).
In multistage production systems each node may be fed

by several nodes but itself feeds into only one node.

The path between nodes indicates the direction of material
flow. The flow may indicate general distribution channels
with the node representing a storage or intermediate
distribution point. Otherwise the flow may be that of
production sequencing where a node represents a process, an
assembly being indicated by several flow lines converging on

a single node.

Such multi-echelon systems differ significantly from that of
the single stocking point, for which most inventory control
techniques have been developed. In particular, many stock
replenishment systems (e.g. EOQ, reorder point, reorder
level) assume smooth predictable patterns of demand whose
variability is also statistically predictable. These systems
are usually based on a long term perspective, where

inventory is replenished on a regular basis.

These assumptions are often invalid in multi-echelon systems
since demand at one echelon is dependent upon the production
or ordering pattern of the lowest echelon, the echelon
closest to the customer. Two issues are identified:

1) Dependence of demand.

2) Control of stock at each echelon.



1.2.1 Dependence of Demand

Dependence was first discussed by Forrester [48], who noted
how a small change in customer demand was amplified by each
of the higher echelons in the distribution system. The
resultant increase in replenishment sizes and the
fluctuation in production quantities was seen to have a
destabilising effect on the system. Therefore, rather than
forecasting demand at all echelons, it is most appropriate
to forecast at the lowest echelon directly supplying demand,
and then to develop a replenishment schedule which takes
into account the replenishment lead-times of the total

system.

Such a philosophy is embraced by Materials Requirements
Planning (MRP) in manufaéturing, and by Distribution
Requirements Planning (DRP) in retail/distribution. The
underlying assumption is that final demand is known, indeed
planning is based on firm and tentative orders taken over a

planned horizon.

A solution to demand dependence is the ’Base-stock system’
(Peterson & Silver [97,p.452]) where, in any distribution
system, end item demand information is made available to all
decision-making echelons. Although decisions are often only
taken by the highest echelon (usually a central planning

function), in distribution systems where several

- 10 -



organisations are responsible for the management of specific
echelons the decision making becomes fragmented or
duplicated. The base-stock system therefore makes the demand
information available to all echelons for the purpose of
planning, against which all provisions can be made.
Effectively a ’‘pull’ mechanism is in operation, driven by
customer demand. Thus a ’lumpy’ demand profile (infrequent
and large orders), resulting from a combination of
uncoordinated demand predictions and long replenishment

lead-times, may be avoided.

1.2.2 Control of Stock at each Echelon

The issue of how stock should be controlled also proves
problematic. Where independent control by each stocking
echelon is exercised, difficulties arise. Each echelon
reacts to demands placed by those above and below it. The
unpredictability of such control methods result in poor
system performance. Wherever possible, control should be

exercised over the system as a whole.

In multi-echelon systems therefore, single point

supply/demand is substituted for one in which several
replenishment levels and reorder points exist. Issues
concerning the control of such systems increase their

complexity further. These are:

- 11 -



E How can the distribution channels be best structured
and, where and how many warehouses should there be?

[ | Where should safety stock be held?

H What methods of replenishment should be adopted, e.g.
batch or one-for-one?

i Are transshipments of stock allowed? (i.e. the
movement of stock across the same echelon) This may be
extended to examine the decision as to whether supply
routes should be fixed or flexible.

i} If a product is repairable where should the repair
centres be sited and what capacity is required?

= Stocked items may require different location and

replenishment policies to be implemented.

1.3 FIELD SERVICE MANAGEMENT

Field Service Management (FSM) within the computer industry
may be viewed as a multi-item, multi-echelon system. Its
function is primarily concerned with the maintenance of
equipment at remote customer sites. Until recently this
activity has been viewed as a necessary evil arising from
product sales, a view which has radically changed with the
realisation that FSM can be a substantial contributor to
revenue. That it has now developed into an industry in its
own right by third party maintenance (TPM) companies, is a
sufficient indicator of the importance of this activity. For

a fuller discussion of the disciplines required by FSM see,

™



(21, (52], [117], [122].

The current trend of single source contracting (one
maintenance company servicing all products used by a single
site) coupled with many companies preferring to deal with a
local maintenance firm, has left TPM companies in a strong
position. The result has been for major computer
manufacturers to begin to offer a similar service, whereby
they undertake to maintain non-proprietary products used by

the customer.

The U.K. computer industry supplies the complete product
range of data processing equipment, comprising mainframes,
mini and micro computers and all necessary peripheral
equipment. The equipment has progressively increased in
reliability and modularity, with diagnostic capabilities
becoming more sophisticated. It is now possible for the
customer or engineer to rapidly diagnose the fault to a
particular module. These trends have been driven by the
customer who demands a reliable product which, in the event
of a fault occurring, can be speedily fixed. This need to
minimise service calls and the facilitation of repair has

resulted in modules of high cost and low failure rate.

Voss [120], in describing the FSM function in its widest

context, outlines four areas that FSM should exploit:
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- Competitiveness: looking for a difference which can be
marketed.

- Profit: selling service with a suitable margin.

- Sales support: installation, training etc.

- User base support: technical assistance and

maintenance.

He states that customer service has the potential of meeting
both short and long term objectives. In the short term,
customer service provides the means of maintaining customer
loyalty, especially when the competition has a technically
superior product. However, the long term stability of a
company must be based on a marketable product range with

adequate service backup.

Only the highest level of management decision making would
in practice tackle the four areas together, combining new
products and markets with a unique selling point. This
research has focused on the level of management concerned
with profit and user-base support pertaining to the field
repair activity. Consequently, emphasis is placed on the
system logistics. Often when considering the logistics
issues a wider connotation of ’service’ must be embraced
e.g. training. Such issues are only discussed here where
they are seen to have significant bearing upon operational

practises.
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FSM attempts to provide a high level of service whilst
minimising operating costs and capital investment. These
contradictory goals make it impossible to fully optimise the
activity. Instead a compromise must be reached, one which
satisfies the highest level of service attainable for a

given budget.

The multi-echelon distribution structure is the most
appropriate method of satisfying a FSM function, by
strategically placing service centres and engineers in the
proximity of the remote customer. Inventory is distributed
amongst these echelons based on the rate of spares usage.
Hence, it is most likely that spares used regularly will be
held by the engineer or in the local region, whilst spares
which hardly move at all will be held at a more remote store
and in less quantity. The decision as to where each item
should be held is based upon a service level objective e.g.

availability of spares ex-stock from a designated store.

Typically three main echelons of spares distribution are to

be found in the U.K.:
- a mobile engineer workforce with personal spares,
- several local stores,

- a national stores.

The specific structures and modes of operation in the U.K.
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are discussed in Section 3.6. The role of each echelon is

discussed below.

The engineer responds to a customer fault call by attending
the customer premises. The objective being a fast response
and a quick, accurate fix of the fault, in order to maximise
system uptime. Whilst on site the engineer has available to
him a range of spares which has been selected in order to
afford him a high likelihood of being able to repair the
fault. The spares may remain permanently with the engineer
(the engineer kit), or may be on loan from the local stores
to fix a range of faults on a particular product (the
swapkit). Defining the range of spares to be held is a

significant problem to FSM.

The engineer must also ensure that recoverable spares are
returned for refurbishment according to a prescribed
procedure. Furthermore, the engineer’s role is not
restricted to repairing faults, he may also be involved in
installation and preventive maintenance activities. Often on
attending a fault call, the engineer finds no fault or needs
only to perform some minor adjustment. If time permits he
may check the system for degradation of performance or
discuss any problems the customer may be experiencing with

the product.

The local stores are most often situated in regions where
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high populations of equipment are present. They act as the
primary support to the engineer in terms of locating spares
he is short of and replenishing engineer kits. It therefore
holds a wider range and depth of spares than the engineer.
It is usually designed to be capable of providing a high
level of service (ex-stock) and a fast response to the
engineer. In the event that a part required to fix a fault
is unavailable, escalation procedures are initiated in order
to locate the nearest available. Local stores may provide

limited telephone support for the customer or engineer.

The national store undertakes several roles. It carries all
spares that would not normally be held locally e.g. very
low usage or very high value spares. It monitors the repair
loop lead-time and advises on items in short supply
requiring priority repair. It distributes spares according
to field requirements. In general it is responsible for the
provisioning of all but the least significant consumable
items which may be obtained locally. It usually maintains
control over the inventory position of the whole
distribution structure. Due to its remoteness from the
customer fault, its ability to respond to emergency demands
for spares is relatively slow and costly, hence the need to

maximise the effectiveness of the local repair activity.

One may therefore conclude that the issue of interest is the

ability to complete a repair as soon as possible, preferably
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on the first visit. Hence, speed and accuracy of response
are critical factors. In order to satisfy this need, spares

must be readily available.

Spares availability is a balance between the quantity held
and the rate of demand for them. This is often offset
against transportation costs e.g. 1low cost spares and fast
movers would normally be held locally in order to provide a
rapid and efficient service, offsetting the relatively high

transport cost.

The concept of risk is often not fully appreciated when
deciding levels of spares availability. The risk implies
that on a number of occasions a spare will be unavailable,
and therefore alternative methods of locating the spare and
shipping to site will be necessary and must be planned for.
This will incur additional cost and a possible penalty
through failure to meet a contracted service. In order to
lessen the risk and meet a target availability, either
higher levels of inventory are required, which may exceed
budgetary constraints, or system operating methods will have

to be improved.

The feature of the FSM logistics system which adds to its
complexity and distinguishes it from other supply logistics
systems, is that of repairable inventory. Essentially these

are high cost spares which are economical to recover and
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repair, returning them to an operational state. Spares
inventory is therefore not only sensitive to the field
demand but also to repair cycle time. Hence, for
repairables, one is sparing to the demand which can be
satisfied by the total logistics system, rather than solely
the supply system. The faster and more accurate the systen,

the less spares that are required.

Whether the repair capability is centralised or distributed
depends on the management viewpoint. A centralised facility
provides an opportunity to maximise repair efficiencies and
reduce capital costs. It also presents an opportunity to
control the flow of spares to the local stores. Local repair
facilities have the advantage of being able to replenish the
local stock more quickly as well as being able to react to
more immediate needs. The savings in transportation costs
would have to be balanced against the additional capital

investment and training required.

1.3.1 Product Life-Cycle

Gattorna [52,p.27] states that the product life cycle
"identifies characteristics, strategies and decision
imperatives ... as each stage is reached". The implication
must surely be that when managing a product with a definable
life cycle, one must first identify the period when support

for a product significantly changes. Then one needs to
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