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Abstract

An important means for companies to differentiate themselves, as well as increase profitability, in highly competitive

environments is through the use of service management, i.e., those activities and interactions which follow a product’s

sale. One of the most important service management activities is repair services. And the existence, effectiveness, and

efficiency of service management activities, such as repair services, depend heavily on effective reverse logistics

operations.

Because reverse logistics operations and the supply chains they support are significantly more complex than

traditional manufacturing supply chains, an organization that succeeds in meeting the challenges presents a formidable

advantage that is not easily duplicated by its competitors. This paper discusses the competitive value of service

management activities, particularly repair services, as well as the importance of the supporting role of effective reverse

logistics operations for the successful and profitable execution of repair service activities. In addition, the manuscript

presents a case study of a major international medical diagnostics manufacturer to illustrate how a reverse logistics

operation for a repair service supply chain was designed for both effectiveness and profitability by achieving a rapid

cycle time goal for repair service while minimizing total capital and operational costs.
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1. Introduction

How do companies differentiate themselves
when operating in industries where most, if not
all firms offer high quality products and customer
service at the time of sale? As James Stock put it,
d.
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‘‘After a while, those features just become your
admission to the game’’ (Meyer, 1999, p. 28). A
potential solution to this dilemma is offered by
Dennis and Kambil (2003), using what they term
‘‘service management,’’ which provides both com-
petitive differentiation and an opportunity to
increase profits. Service management is ‘‘the sum
of all customer interactions that follow a product’s
sale, delivery, and installation y include (ing)
customer support; training; warranties, mainte-
nance, and repair; upgrades; product disposal; and
sale of complementary goods’’ (Dennis and
Kambil, 2003). The benefits of service manage-
ment can also be related to the service profit chain
framework, which integrates investments in service
operations with customer loyalty and firm profit-
ability (Heskett et al., 1994).

One of the most important service management
activities is repair services. According to Blumberg
(1999), the demand for repair services is robust
and increasing, both in the US and worldwide.
Furthermore, the existence, effectiveness, and
efficiency of service management activities, such
as repair services, depend heavily on effective
reverse logistics operations.

Because reverse logistics operations and the
supply chains they support are significantly more
complex than traditional manufacturing supply
chains (Dennis and Kambil, 2003), an organiza-
tion that succeeds in meeting the challenges
presents a formidable advantage that is not easily
duplicated by its competitors. Effective reverse
logistics operations benefit both the organization
and its customers. Service management activities,
such as repair services, positively impact custo-
mers’ total cost of ownership (Tibben-Lembke,
1998), thereby increasing customer loyalty. Con-
sequently, the organization benefits because it has
the opportunity to realize additional profit streams
from after sale services as well as repeat purchases
from loyal customers.

In the next section, we discuss the issues
surrounding the value of after sales service, i.e.,
service management, particularly repair services.
We also discuss the importance of the supporting
role of effective reverse logistics operations to the
successful and profitable execution of repair
service activities.
In the last section, we show how a reverse
logistics operation for a repair service supply chain
(RSSC) can be designed for both effectiveness and
profitability by achieving a rapid cycle time goal
for repair service while minimizing total capital and
operational costs. To illustrate this method, we
utilize a case study of a major international medical
diagnostics manufacturer with a repair cycle time
goal of just 6 hours. The RSSC design process
includes analysis of the following questions:
�
 Where to stock parts inventory.

�
 How much parts inventory to carry.

�
 Where to locate service crew domiciles.
In the final section, we offer conclusions for the
case study presented, as well as managerial implica-
tions of designing service-to-profit supply chains for
effective, short cycle time repair services supported
by competent reverse logistics operations.
2. Background

2.1. After sale services

For many products, a customer’s relationship
with the product’s manufacturer does not end with
product purchase. In fact, this relationship can be
significantly influenced by the activities that occur
after purchase, during the entire period of product
ownership. After sales services can encompass
multiple activities, including: customer support
through training; product warranties; maintenance
and repair; product upgrades; sales of comple-
mentary products; and product disposal. Manage-
ment of these service activities can form an
important part of corporate strategy. For instance,
when customers perceive that an organization
supports its products, the products may be able
to command premium prices (Cohen and Lee,
1990). In addition, after sale services represent
important opportunities to create and strengthen
customer loyalty. After sale support services can
also be the source of significant revenue potential,
accounting for as much as 25% of revenues and
40%–50% of profits for manufacturers (Dennis
and Kambil, 2003).
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Examples of companies offering significant after
sale services include Caterpillar, which has a global
network that supports guaranteed parts delivery;
and Dell Computer, which supports its command-
ing market share in the PC market by providing
customers with rapid repair services (Cohen and
Whang, 1997). Similarly, Saturn enjoys such a
superior reputation for after sales service that its
customers tend to return to their Saturn dealer-
ships for service and repairs more frequently than
do customers of other car manufacturers. This sort
of customer behavior increases revenue generating
opportunities for Saturn dealerships, as well as
creating the potential for repeat auto sales
revenues (Cohen et al., 2000).

An important driver of enhanced customer
loyalty engendered by after sale services is the
concept of total cost of ownership (TCO). TCO
encompasses ‘‘all costs associated with the acquisi-
tion, use, and maintenance (Ellram and Siferd,
1993, p. 164) of a product. This simply means that
when contemplating a product purchase, a custo-
mer considers costs that occur prior to a product’s
acquisition, during the actual transaction asso-
ciated with product purchase, and during product
use. Ellram terms these cost categories: pre-
transaction components, transaction components,
and post-transaction components, respectively.
The category of most interest to this discussion
is, of course, the post-transaction category. Post-
transaction costs include: line fallout, defective
products rejected before sale, field failures, repair/
replacement in field, reputation of purchasing firm,
costs of repair parts, and costs of maintenance and
repairs. For a manufacturing customer, the drivers
of these post-transaction costs include such
elements as labor downtime and finished goods
inventory backup or shortages (Ellram, 1993).
Naturally, any assurance that can be provided
regarding costs and cycle time for after sale
service, such as repairs, will reduce a customer’s
perception of TCO for a potential purchase. And,
a solid record of after sale service can enhance
customer loyalty and increase the probability of
repeat purchases.

As the discussion above on TCO illustrates,
maintenance and repair services are one compo-
nent of after sale service activities. Evidence of the
significance of after sale repair activities is
provided by Blumberg (1999), who, based on
surveys and interviews of logistics and purchasing
executives in more than 400 medium and large
manufacturing companies, estimates the com-
pounded annual growth rate for repair services
in the United States to be 14.9%, and the
compounded annual growth rate for repair ser-
vices worldwide to be 15.8%. Of particular interest
to this discussion is the fact that Blumberg’s
analysis of the worldwide repair services market by
product type indicated that the segment with the
highest annual growth rate in demand for repair
services was medical electronics/diagnostics, at
23.2%.

One of the most important issues discussed in
Blumberg’s article is that many firms turn a
potential opportunity to enhance their competitive
positioning into a problem by failing to offer their
customers efficient and effective repair service
solutions. However, in order to effectively accom-
plish after sales services activities, such as repair
services, firms must be aware of the significant role
that the design of a competent reverse logistics
operation plays.

2.2. Reverse logistics operations

One of the more interesting and significant
trends in supply chain management is the recogni-
tion of the strategic importance of reverse logistics
operations (Handfield and Nichols, 1999). These
reverse logistics operations support a variety of
activities ranging from what is termed ‘‘green
logistics,’’ i.e., ‘‘efforts to reduce the environmen-
tal impact of the supply chain (Rogers and Tibben-
Lembke, 2001, p. 130),’’ to activities that encom-
pass product returns, repairs, and refurbishment.
Estimates of the costs of reverse logistics opera-
tions range from $37–$921 billion annually.
Despite this, four in 10 logistics managers consider
reverse logistics operations to be a very low
priority for their companies. Obviously, the type
and extent of reverse logistics activities vary
according to industry, but the extent of these
activities are already significant in many industries
and they continue to grow (Rogers and Tibben-
Lembke, 2001).
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Although recognition of the strategic impor-
tance of reverse logistics operations is not by any
means universal, but there is some evidence that
this is changing. According to Meyer (1999), the

y new frontier of management is reverse

logistics y after companies have downsized,
reengineered, TQMed, racheted up customer
service, and wrung out every conceivable cost
efficiency, it may well be one of the last business
frontiers business can conquer (p. 27)

Reverse logistics operations can be quite com-
plex to manage, since the activities involved tend
to be so varied. In addition, demand can be
difficult to predict, making product and informa-
tion flows quite challenging to manage. Compli-
cating the problem of managing reverse logistics
operations is the fact that very few, if any,
standardized software solutions designed for
reverse logistics operations exist (Rogers and
Tibben-Lembke, 2001; Meyer, 1999).

Although reverse logistics operations in general
can be quite difficult to manage, there are some
particular challenges to managing reverse logistics
operations for repair services. According to
Blumberg (1999) and Dennis and Kambil (2003),
these challenges include the following:
1.
 uncertain and inconsistent demand (for repair
parts), which can result in low inventory turns;
2.
 extensive repair parts inventories, requiring
what seems to be an explosive number of SKUs;
3.
 customer specific repair processing require-
ments (depending on the nature of a customer’s
operations);
4.
 short cycle times (necessity for rapid processing
of repairs);
5.
 the need for coordination (e.g., among multiple
parties involved in repair services);
6.
 flexible capacity requirements for storage,
processing and transportation activities.

Logistics activities needed to support repair
service activities can include, but are not limited
to: storage and warehousing; collection and
sorting; substitution; transportation and distribu-
tion; disposal; repair and remanufacturing; and
recertification.
However, although effectively managing these
multiple and complex reverse logistics operations
to support what Dennis and Kambil (2003, p. 42)
term ‘‘service to profit supply chains,’’ requires
considerable skill and integration, both Blumberg
and Dennis and Kambil stress the potential
advantageous competitive positioning and market
opportunities for firms that handle these impor-
tant after sale services effectively. Dennis and
Kambil point out the value of using reverse
logistics activities to develop ‘‘service-centric’’
supply chains to adequately support delivery of
after sale services. Such supply chains are vital
tools as companies seek to differentiate themselves
from their competitors, increase customer loyalty,
and boost profit margins. Blumberg’s research
demonstrates that customers demanding effective
repair services currently see significant inefficien-
cies in reverse logistics repair operations. Given
the significant and growing demand for these
services, firms that can effectively implement and
manage the necessary reverse logistics operations
to meet these needs will significantly enhance their
competitive position.

With this background discussion of the strategic
role of after sales services, particularly repair
services; and the role of reverse logistics operations
in supporting service to profit supply chain
operations, we present a case study of a reverse
logistics and repair design for a medical diagnostic
equipment manufacturer.
3. A case study of reverse logistics and repair

service design

The case studied here involves a major interna-
tional manufacturer of medical diagnostic systems.
This manufacturer will be referred to in our
discussion as the medical diagnostic manufacturer
(MDM). The manufacturer’s customers include
medical diagnostic laboratories of all types, such
as those in hospitals, research centers, and medical
clinics. Thousands of laboratories around the
world utilize these diagnostic systems.

The MDM was preparing to market a recently
developed innovative medical diagnostic appara-
tus that consolidates the operation of many
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different pieces of diagnostic laboratory equip-
ment. This reduces the cycle time of medical
diagnostic tests and increases the efficiency of the
laboratory. This product, which we will refer to as
the ‘‘Alpha’’, is an integrated system of hardware,
software, and reagents, which offers economic
viability through task consolidation. In other
words, it does the work of many pieces of
laboratory equipment, reduces the cycle time of
diagnostic laboratory tests, and reduces the labor
required from laboratory personnel. The majority
of laboratory workload can be streamlined on this
single multi-tasking system. Diagnostic results are
available more quickly while simultaneously redu-
cing laboratory staffing.

As a result of its multitasking capabilities, the
operation of the Alpha becomes critical to the
operation of the laboratory for customers who
adopt this innovation in place of traditional
equipment. This is a significant change. Tradition-
ally, medical diagnostic laboratories have utilized
many different pieces of equipment, so that any
one piece of equipment being out of service was
generally not an emergency; traditionally, there
have been other pieces of equipment that could be
used in case of equipment failures. The Alpha
changed this by replacing multiple pieces of
equipment. Therefore, when the Alpha is out of
service, in essence, the laboratory is out of service.
This creates an emergency situation, because,
when laboratory results are delayed, medical
treatment can be delayed. Surgeries and other
vital treatments may have to be postponed,
impairing the quality of care to patients.

The Alpha was designed to minimize unsched-
uled downtime as much as possible. Regular
preventative maintenance is used to minimize the
amount of unscheduled down time, and remote
diagnostics capabilities allow many service re-
quests to be handled without an on-site visit. In
the event of a product failure, for customers within
the continental US (except those in remote areas)
the goal is to respond within 6 hours or less. This
6-hour response time, referred to in our discussion
as the repair service cycle time or the repair cycle
time is defined as the time from when the field
service crew is dispatched until the needed part(s)
and the service crew arrives at the customer
location. Thus, supporting Alphas in need of
repair services involves two separate problems:
(1) repair parts must arrive within 6 hours, and (2)
service crews must be able to travel to customer
locations and arrive within 6 hours.

Each Alpha product failure requires design,
analysis, and operation of reverse logistics and
supply chain operations to ensure that the repair
service cycle time of 6 hours is achieved with
minimum total integrated costs. Based on the two
problems identified in the paragraph above, the
two required supply chain operations will be
referred to as repair part supply chain (RPSC)

and service crews supply chain (SCSC). The
integrative design, operational coordination, and
optimization of these two supply chains are
required to achieve the most effective and efficient
repair services to Alpha’s customers.

The demanding repair cycle time goal of 6 hours
creates unique challenges for design of the RPSC
and SCSC. If 24 hours were available, a single
location for repair parts would suffice by utilizing
express overnight airfreight. Similarly a single
location would suffice for service personnel who
could fly to the customer location. The much
shorter 6-hour goal necessitates supply chain
networks with multiple geographically dispersed
locations for service parts and crews.

The two supply chains, RPSC and SCSC, must
be managed in an integrative fashion to meet the
target repair service cycle time. However, the
design factors for the RPSC (managing the flow
of repair parts) and SCSC (managing the service
crews), must be considered independent of each
other.
1.
 The RPSC must be designed to minimize the
total cost of inventory and logistics while
achieving the cycle time goal. The RPSC design
process should allow a determination of: (a)
how many service parts inventory locations are
required; (b) where these should be geographi-
cally located; and (c) what amount of inventory
should be stocked at each location.
2.
 The SCSC design should provide repair service
coverage within the targeted 6-hour cycle time
with minimum total capital and operational
costs. The SCSC design should address the
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following issues: (a) how many repair crew
domiciles are required; (b) where these dom-
iciles should be geographically located; (c)
which customers should be assigned to each
crew domicile location.

The RPSC and SCSC design processes are
presented in the next two sections, respectively.
Further design details may be found in Retzlaff-
Roberts and Amini (1998) and Amini and
Retzlaff-Roberts (1999).

3.1. RPSC design process

The current MDM supply chain is shown in
Fig. 1. The solid arrows in Fig. 1 indicate parts
moving from one inventory location to another
inventory location. Dashed arrows indicate parts
moving out of inventory and being installed in a
non-operational Alpha for an urgent repair. The
main distribution center (MDC) is in Europe and
the primary US distribution center, which will be
referred to as the USDC, is centrally located
within the continental US. The next level of
inventory location consists of what are termed
‘‘platforms’’. The intended purpose of the inven-
tory platforms is to have as few locations as
possible and utilize ‘‘next flight out’’ (NFO)
shipping to get parts to customers as quickly as
possible. This refers to literally putting a package
on the next flight out to the intended destination,
making it essential that platforms be located near
busy airports with good flight availability.
 

 
MDC 

Platforms

USDC

Trunks

Customer
Kits 

Customer
Alpha 

Replenishment shipment

Urgent repair shipment

Fig. 1. Supply chain for repair parts.
The USDC itself also acts as an inventory
platform and serves the central portion of the
US. In fact, by utilizing NFO shipping, it was
determined that this central location is capable of
covering most of the continental US. Therefore,
only two additional platforms were needed, with
one being in the Northeast and the other on the
West Coast. This means there are a total of three
platforms with one being the USDC.

Since the Alpha is repaired only by company
trained and employed technicians who travel by
car to the customer site, a third level of inventory
location is the technicians’ car trunk. The final
inventory location is actually at the customer
location. This inventory location is referred to as
the ‘‘customer kit.’’ The inventory policy for all
locations is that a designated stock-up-to level will
be determined for each part, and a replacement
will be ordered as soon as possible after the part is
used. Reorders are placed at regular intervals, such
as every 2 days or once a week. All inventory
locations other than the two platforms (Northeast
and West Coast) are replenished directly from the
MDC as shown in Fig. 1.

While the first RSSC decision focused on the
number of inventory locations throughout the
chain, discussed above, the next decision is to
determine which parts should be inventoried at
each location and in what quantity. There are
hundreds of different parts involved, with some
parts costing less than $1 per unit and others
costing more than $15,000 per unit. As a result of
this wide range in unit value, a ‘‘one size fits all’’
inventory strategy is not appropriate. A plan that
utilizes a mixture of all three alternatives (plat-
forms, trunk inventory, and customer kit) is
needed. And the inventory decision needs to be
mass customized for each part based on the part’s
cost, reliability, and other factors.

For example, if there are 100 technicians,
then at least 100 of a given part are required
if they are kept in the technicians’ trunk
inventories. However, if these parts were kept
instead at the inventory platforms (USDC,
Northeast, West Coast), a total inventory level
of 10 among the three platforms may suffice,
based on the part’s reliability. Clearly high-cost,
high-reliability parts belong at the platforms
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because the savings in inventory cost will more
than offset the NFO shipping cost. Inexpensive
parts belong in the customer kit inventory or
trunk inventory. The question is: where are the
break points for moving from one inventory
location to the next?

To make the best decision, development of a
model for doing ‘‘what-if’’ cost calculations is
necessary. This means being able to quantify the
total inventory and logistics costs for any given
part for each inventory location, thus allowing a
decision maker to answer questions such as:
What if we kept part xyz at the platforms? How
much inventory would we need? What are the
costs involved?

In considering the total inventory and logistics
costs of the RPSC there are actually two types of
cost involved: (1) the annual logistics cost, and (2)
a one-time inventory setup expense. These two
costs cannot be combined because one is an on-
going annual expense and the other is a one-time
expense.

The total annual logistics cost includes five cost
categories (Lambert and Stock, 1993):
1.
Nu
transportation costs,

2.
 warehousing costs,

3.
 order processing costs,
Key to Shapes

Part
Reliability

mber of units 
supported

Part Demand 
Distribution

Ave Annual 
Throughput

Lead Time 
Distribution

Stock-up-to
Level

Service 
Level

Data

Decision

Dependent 
Variable

Fig. 2. Inventory and logistics cost calculation flow c
4.
In

ha
lot quantity costs, and

5.
 inventory carrying costs.
Inventory setup cost is the one-time cost of
initially placing the appropriate amount of in-
ventory. ‘‘The appropriate amount’’ refers to
having a sufficient amount to achieve the desired
service level. Again, this cost is important to
measure because of the potentially large differ-
ences among inventory alternatives.

3.2. Decision support model

A decision support model was developed to
allow ‘‘what-if’’ total cost calculations for parts for
the inventory locations. Fig. 2 shows a flowchart
which illustrates the relations among data values,
decision, and dependent variables to show how
they interact to product the total logistics and
inventory costs. Data requirements are shown as
rectangles in Fig. 2, while decisions are shown as
diamonds and dependent variables are shown as
ovals. The data, or input parameters include:
1.
 a part’s reliability (average time until failure),

2.
 the number of Alphas being supported out of

the inventory location,

3.
 the lead time distribution for replenishing

inventory,
+

+

+

=
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ventory Level
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Cost

Carrying 
Cost 
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Transportation 
Costs

Total Annual 
Logistics Cost

Warehousing 
Costs
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Inventory Carrying 
Costs

Inventory Setup 
Costs

Logistics 
Cost Data

rt (for a given part and inventory location).
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4.
 the logistics cost data for both distributing and
replenishing the part,
5.
 a part’s cost, and

6.
 the inventory carrying cost data.

When considering a particular part for a
particular inventory location we begin at the left
end of Fig. 2 with the part’s expected reliability
along with the number of units supported out of
the particular inventory location. These two
combine to produce the part demand distribution,
which in turn yields the average annual through-
put. For example, if a part fails on average every 6
months and there are 100 Alphas supported from
that inventory location, then the average annual
throughput is 200 per year. However, parts fail
randomly. In one instance the part may last 1 week
and in another the same part may last 2 years.
When a part fails, a part demand ‘‘arrives’’ at the
inventory location. It is assumed that the random
time between consecutive part demands can be
modeled with the exponential distribution.

The probability of a stock-out occurring de-
pends on the part demand distribution, the lead
time distribution, and the chosen stock-up-to level.
The lead time here is defined as the time from
when a part is used until it has been replenished, so
the period between orders as well as the shipping
time must be considered. For example, if reorders
are placed once a week and take 2–3 days to arrive,
the lead time would range from as little as 2 days
to as long as 10 days depending on when in the
order cycle the part was used. In Fig. 2 the lead
time distribution is shown as data because the
replenishment policy decisions had been pre-
viously made by management in this study.
However, in applying Fig. 2 in a more generic
sense, the lead time distribution could be shown as
a decision, since management can choose their
replenishment policy. This includes the inventory
policy for how and when a reorder is triggered and
the speed with which the replenishment arrives.

Before the appropriate stock-up-to level can be
chosen, management must first choose the desired
service level. The higher the service level the lower
the probability of a stock-out. Certainly no
organization wants to experience stock-outs, but
similarly no organization wants to maintain an
excessive level of inventory. For some organiza-
tions a stock-out probability of 5% or larger may
be acceptable. For others, 1% or even smaller may
be the desired goal if there are severe consequences
for a stock-out. In this study the goal was to
achieve a very high level of service so a very low
stock-out probability was used. Here the service
level goal is chosen prior to calculating the cost.
When the service level goal is chosen prior to
calculating the cost, in effect, management is
choosing a service level goal regardless of cost.
An alternative approach would be to skip the step
of choosing the service level a priori, and instead
incorporate stock-out costs in the total cost
calculation. In this approach the service level
would become a dependent variable.

An organization is at risk of a stock-out from
the time the last unit has been used until the
replenishment has arrived. Since the arrival of part
demands is random and the lead time is random,
determining the appropriate stock-up-to level is
not simply a calculation where parameters are
entered into a formula. Instead, the probability
distributions are used to conduct a what-if analysis
for a given stock-up-to level and the resulting
probability of experiencing a stock-out is deter-
mined. A computer simulation can be used to
show random fluctuation of the inventory level
over time as part demands and replenish-
ments arrive randomly. If the probability of a
stock-out is unacceptably high, then the stock-up-
to level is increased and the analysis is repeated
until the probability is sufficiently small to achieve
the goal.

After the stock-up-to level is chosen the average
inventory level can be determined. This along with
the part cost and inventory carrying cost percen-
tage determine the inventory carry cost. The stock-
up-to level also determines the initial inventory
setup cost.

By conducting this type of what-if analysis, the
total cost for each potential inventory location
(platforms, trunk inventory, and customer kits) is
calculated. In this way managers can identify
whether the minimum cost alternative is customer
kits, trunk inventory, or platform inventory and
how much inventory to stock at the chosen
location.
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Table 1

Costs of example scenarios

Part cost

$500 $1000

Part reliability 6 months Platforms Trunks Platforms Trunks

Setup cost $4,045 $32,363 Setup cost $8,089 $64,726

Annual cost $32,964 $13,473 Annual cost $33,773 $19,945

12 months Platforms Trunks Platforms Trunks

Setup cost $3,272 $33,682 Setup cost $6,545 $67,363

Annual cost $16,732 $10,236 Annual cost $17,386 $16,973

M.M. Amini et al. / Int. J. Production Economics 96 (2005) 367–380 375
3.3. Example scenario

Table 1 illustrates the use of this tool in the
decision making process. For the four scenarios
shown in Table 1, values for parameters 2 through
4 and 6 are identical. Only part cost and reliability
vary. For each of the four scenarios shown, which
represent four different parts, the inventory setup
cost (referred to as setup cost) and the expected
annual logistics cost (referred as the annual cost)
have been determined for the platforms and the
trunks. Notice that the term ‘‘expected’’ is applied
only to the annual logistics cost. This is because
the inventory setup cost is fairly deterministic after
the stock-up-to level is chosen. Whereas the
annual logistics cost will vary from year to year
based on the random failure of parts.

The lower right portion of Table 1 indicates the
costs for a $1000 part with an average reliability of
12 months. The setup cost for the platforms is
$60,818 lower than for trunk inventory because
considerably less inventory is necessary. The
expected annual costs are very similar with the
platforms’ annual cost being only $413 higher.
This makes a clear case for choosing the platforms
because there is a substantial savings in the setup
cost which easily offsets the slightly higher annual
cost. The break-even point, without considering
the time value of money, would be 147.3 years

The contrast to this is in the upper left portion
of Table 1 for a $500 part with a 6-month average
reliability. The platforms’ setup cost is $28,318
lower and the average annual cost is $19,491
higher. The break-even point is only 1.45 years.
Here it seems worthwhile to place this part in the
trunk inventory and incur the extra $28,318 in
setup cost, in order to have annual costs that are
on average $19,491 lower.

Being able to quickly and easily perform these
what-if calculations will help managers determine
which inventory locations are best as well as
provide a prediction of costs for budgetary
purposes. In this way, the supply chain can be
optimized to minimize cost while achieving the
6-hour repair service goal.

3.4. SCSC design process

Achieving a 6-hour service cycle time goal in
addition to design of an effective part supply chain
simultaneously required design of a SCSC such
that availability of both appropriate parts and
crews at the right location and in a timely fashion
are ensured. The service crew supply chain can be
viewed as a network of geographically dispersed
crew domiciles where each is capable of providing
repair services for a subset of Alpha customers
within a 6-hour repair service cycle time. The
network should allow coverage of all existing
Alpha locations. The design decisions are to
determine (a) how many maintenance crew dom-
iciles are needed within the SCSC; (b) where to
locate these domiciles geographically to allow the
targeted repair service cycle time; and (c) which
customers should be covered by each service crew
domicile.

Theory and methods for design of an effective
SCSC are presented within the area of facility

location. Facility location theory is concerned with
design of network of facilities/sites such that a
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certain set of qualitative and/or quantitative
criteria are met. Business applications encompass
location of warehouses, plants, emergency centers,
retail outlets, service facilities and/or personnel,
hospitals, fire stations, and police stations. A basic
review of service management along with methods
applied in service facility location can be found in
Fitzsimmons and Fitzsimmons (1998). Contribu-
tions of operations research/management science
fields to location analysis are reported in Chajed
et al. (1993). The most current survey of facility
location application and methods is presented in
Drezner (1995).

The multiple factors that affect the decisions
related to a SCSC design are: geographic location,
number of locations, and optimization criteria. To
represent the geographic location, we used inter-
state highway networks throughout the US to
determine domicile location options and travel
distance. We considered potential locations to be
the current SCSC for maintenance of the current
lines of products, as well as all metropolitan
statistical areas (MSAs) and consolidated metro-
politan statistical areas (CMSAs) with populations
of more than 600,000 (Famighetti, 1997). The
optimization criterion applied in this study seeks
to minimize the total number of domiciles in the
SCSC such that coverage of the current and
projected future Alpha installations throughout
the US continent within the 6-hour repair service
cycle time goal is attained.

The high degree of complexity presented in the
design process of an effective SCSC is due to the
fact that the aforementioned host of factors must
be considered simultaneously. Finding the best
alternative design from a significant number of
potential alternatives calls for a systematic ap-
proach that would allow formulation of various
mathematical models, each representing a certain
strategic SCSC design scenario meanwhile depict-
ing the performance criteria and various involved
factors and constraints in a simultaneous fashion.

3.5. The SCSC mathematical modeling process

An effective SCSC should provide coverage for
all Alpha installations. The repair service cycle
time goal of 6 hours determines the maximum
distance a domicile can be located from a
customer. In addition, the maximum distance
depends upon the crews’ mode of transportation.
Using air transportation, it might be possible to
have a single domicile centrally located in the US,
having service crews and private jets on standby at
all times. However, this is not considered an
economically viable approach. The existing prac-
tice at the MDM calls for service crews to travel by
car. This requires a decentralized approach, with
service crews spread throughout the US. Techni-
cians have already been placed in various geo-
graphic locations within the US to service other
MDM products. However, these locations had
been chosen in the past for a variety of reasons
that may have little or nothing to do with the
Alpha’s repair service cycle time goal of 6 hours.

The main objectives of the modeling exercise are
to determine whether: (a) the current SCSC with
crews at their existing geographic locations are
able to provide 6-hour repair service coverage for
current and future Alpha installations; (b) addi-
tional domiciles and crews are required to provide
adequate maintenance coverage for current and
future Alpha installations; and (c) geographic
relocation of domiciles and crews, and redesign
of the current SCSC, are required to achieve the
predetermined customer repair service cycle time
goal of 6 hours.

A variety of modeling efforts have been reported
in the literature focusing on facility location in
public and private sectors. For example, in the
public sector location, decisions include regional
health services planning (Abernathy and Hershey,
1972) emergency ambulance deployment (Fitzsim-
mons, 1973), urban population service facilities
(Brown et al., 1974), airport facilities (Min, 1995)
blood banks (Price and Turcotte, 1986), and
emissions testing stations (Swersey and Thakur,
1995). Examples in the private sector include
location decisions related to retail stores (Craig
et al., 1984), warehouse locations (Beasley, 1988),
company sales regions (Gelb and Khumawala,
1984), hotel sites (Kimes and Fitzsimmons, 1990),
and global manufacturing location strategies
(Verter and Dincer, 1992).

The present modeling effort began with pre-
paration of two geographic maps. The first
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depicted the current SCSC in terms of crew
domiciles and Alpha installations. The second
map showed the current SCSC with existing
service crew locations, as well as the current and
5-year projected forecast of potential Alpha
installations. In addition, to allow consideration
of further SCSC design alternatives, the set of all
MSAs and CMSAs with populations over 600,000
were identified as potential crew domiciles. Hence,
four alternative optimization models each depict-
ing a SCSC design space were considered. These
models can be verbally stated as follows:

Current model: Determine a SCSC design with a
minimum number of service domiciles such that
6-hour repair service coverage can be provided for
all current Alpha installations.

Model 1.1.: Consider only the current crew
domiciles.

Model 1.2.: Consider only MSAs and CMSAs.
Future model: Determine a SCSC design with a

minimum number of service domiciles such that 6-
hour repair service coverage can be provided for
all current and projected future Alpha installa-
tions.

Model 2.1.: Consider only the current crew
domiciles.

Model 2.2.: Consider only MSAs and CMSAs.
Each of these four scenarios involved develop-

ing and solving an optimization model. The
objective function of each model was to minimize
the total number of required crew domiciles to
deliver the 6-hour repair service cycle time. The
constraints ensured that each of the current and/or
projected future Alpha installations would receive
6-hour repair service coverage from at least one
crew domicile within the SCSC.

3.6. The SCSC model recommendations

The final models were developed using binary

integer programming, where each binary decision
variable indicates whether a given service crew
domicile is capable of providing repair service
coverage to a given Alpha installation within the
6-hour time window. Each model is solved by
LINDO mathematical programming software
(Schrage, 1991). While the first two models
provided design characteristics for a new SCSC
to serve the current customers, the last two models
capture a long-term view of the SCSC by including
the current and potential future installations. To
highlight the effectiveness of modeling exercises in
the design of an effective SCSC, we present major
conclusions and recommendations offered by
models 1.1 and 2.2 (see Appendix A).

Model 1.1.: This model considers the current
SCSC with the existing service crew domiciles and
the current Alpha installations. The main purpose
of this model is to determine the minimum number
of current domiciles that can provide the desired
6-hour repair service cycle time to all current
installations. With regard to the current crew
domiciles and Alpha installations, the first model
reveals the following: (a) the current SCSC is not
capable of providing 6-hour repair service cover-
age to 17% of the current installations; (b) the
geographic locations of 62% of current crews
would not allow 6-hour service coverage; (c) 23%
of current Alpha installations could have alter-
native service coverage from more than one crew
domicile.

The first model has identified the ineffectiveness
of the current SCSC in providing the desired repair
service cycle time to the current customers. The
results suggest that redesign of the current SCSC by
relocation of the current domiciles is necessary to
provide the desired repair service cycle time for all
current installations. The relocation decision should
be made in concert with a homogeneous coverage
load for the current domiciles. Also, such a decision
must consider alternative service coverage to mini-
mize the chance of a longer service time window
when multiple installations covered by a single
domicile require maintenance simultaneously.

Model 2.2.: This model ignores the current crew
domiciles and considers 68 metropolitan areas
(MSAs and CMSAs) with populations of 600,000
or more within the US continent as potential crew
domiciles. Also, it focuses on the current and 5-
year projected Alpha installations. To allow
complete development of Model 2.2, the projected
future installations were estimated on a regional
basis. The main objective of this model was to
select a minimum number of metropolitan areas to
provide the desired 6-hour repair service cycle time
for current and projected Alpha installations.
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Model 2.2. provides the following conclusions:
(a)
 68% of the current crew are not capable of
providing the desired 6-hour repair service
cycle time,
(b)
 in the current SCSC, alternative service cover-
age from more than one domicile is available
to 17% of the Alpha installations,
Based on these conclusions, Model 2.2 makes
the following recommendations:
(a)
 for current and projected future installations
of Alphas, only 20 out of 68 metropolitan
areas should be included in a newly designed
SCSC. The selected 20 service crew domiciles
have a heterogeneous coverage load. That is,
some cover only one customer while others
provide coverage to many installations,
(b)
 the newly designed SCSC would be capable of
covering 98% of current and projected future
Alpha installations. The remaining 2% of
installations are located in remote areas with
greater than 6-hour distances from metropoli-
tan areas.
These recommendations provide a newly de-
signed SCSC that improves customer service quality
by 9% (reducing service coverage inefficiencies form
17% to 8%). It is obvious that without implemen-
tation of the new SCSC, the inefficiencies of the
existing SCSC will be extended into the future and
additional Alpha installations take place.

However, realizing that implementation of the
new SCSC would certainly interrupt current
maintenance operations and would also be quite
costly, it is recommended that a relocation plan be
considered. In such a plan, relocation of 68% of
the presently under-utilized service crew domiciles
must be addressed. Also if necessary, additional
non-metropolitan domiciles could be considered
for providing service coverage as the number of
Alpha customers continues to grow.

An additional recommendation involves strate-
gies to enable the MDM to manage customer
expectations for repair services. The first such
strategy involves managing service promises, both
within the MDM organization and also between
the MDM and its customers. It is essential that the
marketing and maintenance operations of MDM
clearly communicate issues and concerns related to
repair service cycle time goals and coordinate their
efforts. Promising what the organization cannot
realistically deliver damages customer perceptions
of the organization. Furthermore, when the
inevitable scheduling problems or parts delivery
problems arise, customers must be kept informed
(Zeithaml and Bitner, 2003). Research on service
failures and recovery strategies clearly indicates
that one of the most important drivers of customer
satisfaction is what is termed ‘‘interactive fair-
ness.’’ Even when service failures occur, commu-
nicating with customers throughout the process
and keeping them informed has significant positive
effects on customer perceptions of service quality
(Tax et al., 1998).

Negotiating with customers who have unrealis-
tic expectations for repair services is also an
important tool for managing customers’ repair
service expectations. For example, a negotiation
process with Alpha customers in remote locations
might be initiated to study the possibilities of a
different repair service cycle time goal.

Yet another strategy for managing customer
service expectations involves resetting customer
expectations by, for example, offering several
levels of repair service cycle times, at different
prices. Another important aspect of resetting
customers’ repair service expectations involves
educating customers to the realities and complex-
ities of the two repair service supply chains.
Research has shown that helping customers
understand and appreciate the processes involved
in service delivery can have positive effects on their
satisfaction (Zeithaml and Bitner, 1996). Effec-
tively managing customers repair service expecta-
tions on a consistent basis is and will continue to
be an important issue as the number of Alpha
installations increases and the product moves
through its life cycle.
4. Conclusions and managerial implications

The preceding case study demonstrated how an
effective and profitable reverse logistics operation
for a RSSC was designed for a MDM whose
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customers’ operations demanded a short cycle time
repair service. The MDM in this case study found
that repair cycle times significantly longer than 6
hours created unacceptably low customer satisfac-
tion, while repair cycle times significantly shorter
than 6 hours moved out of the realm of feasibility.

Given the cycle time goal, the supply chain must
be designed to support that goal in a reliable and
efficient manner. For this reason, the probabilistic
nature of events must be accounted for. These
include the random manner in which product
failures ‘‘arrive’’ with the time of day, day of the
week, and geographical repair locations that vary
randomly. In addition, once a part has been used
from inventory, the lead-time of replenishing that
part is often random. The interaction of possible
random events must be considered when making
inventory strategy decisions such as reorder
frequency and stocking levels. Computer simula-
tion is one way to test the performance of a
candidate supply chain. Problems can be identified
and corrected while in the design phase. For the
MDM in this case study, a decision support system
was created that accounted for the various
probabilistic behaviors in this system to assist
managers in identifying minimal stocking levels for
achieving the desired service level.

The reverse logistics operations and supply
chains (Repair Part Supply Chain and Service
Crews Supply Chain) required for the medical
diagnostic manufacturer’s short cycle time repair
services were complex to design and manage.
However, precisely because of their complexity,
they represent a formidable advantage for the
medical diagnostic manufacturer with respect to its
competitors. The repair service supply chain
designed for the medical diagnostic manufacturer
will positively impact its customers’ total cost of
ownership, thus increasing customer loyalty. The
repair service supply chain also gives the medical
diagnostic manufacturer an opportunity to realize
additional profit streams from the short cycle time
repair services, as well as the potential for repeat
purchases from satisfied customers who have
benefited from the short cycle repair services for
their existing equipment.

Although the focus of the case study in this
paper involved a relatively innovative product, the
Alpha, the methodology presented throughout the
paper is also applicable for products that are less
innovative. Short cycle time repair strategy for
innovative products, such as the Alpha, speeds the
rate of adoption, as well as increasing customer
loyalty. Similar strategies for products that are in
later stages of their life cycles also increase
customer loyalty, thus granting an organization
the opportunity to develop a sustainable compe-
titive advantage.
Appendix A. General binary linear programming

model for service crew domicile determination

Let be the m be the number of alpha installa-
tions, n the number of potential service crew
domiciles, xij the binary decision variable, where
xij ¼ 1; if Alpha installation i is assigned to service
crew domicile j, and xij ¼ 0; otherwise.

The modeling process starts with determining
the Alpha installations within a 6-hour travel
distance from each potential service crew domicile.
The model allows consideration of alternative
service coverage by multiple potential service crew
domiciles, when the 6-hour time window permits,
to enhance the repair supply chain reliability at the
design phase.

The objective function seeks a minimum number
of service crew domiciles. The set of constraints
ensure that each Alpha installation receives a
6-hour service coverage from at least one service
crew domicile.

The repair supply chain design model may be
stated as a binary linear programming model:

Minimize
Xm

i¼1

Xn

j¼1

xij

subject to:

Xn

j¼1

xijX1; for each i ¼ 1; :::; m;

xij ¼ f0; 1g; for i ¼ 1; :::; m and j ¼ 1; :::; n:

Note that, if the linear relationship for the
constraint set is changed from greater-than-or-
equal to equal, then the model allows only one
service crew domicile being assigned to each alpha
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installation. This minor change reduces the relia-
bility of the service supply chain by eliminating the
possibility of multiple domiciles coverage that
could be taken advantage of in the post-hoc
analysis, conducted frequently by the company,
where adjusting the number of service crews at
each domicile is being considered.
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