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PREFACE

Introduction to Materials Management is an introductory text written for students in
community colleges and universities. It is used in technical programs, such as industrial
engineering and manufacturing engineering; in business, operations and supply chain
management programs; and by those already in industry, whether or not they are working
in materials management.

This text has been widely adopted by colleges and universities not only in North

America but also in many other parts of the world. The APICS organization recommends
this text as a key reference for certification preparation for various CPIM examinations. In
addition, the text is used by production and inventory control societies around the world,
including South Africa, Australia, New Zealand, Germany, France, and Brazil, and by
consultants who present in-house courses to their customers.

Introduction to Materials Management covers all the basics of supply chain manage-

ment, manufacturing planning and control systems, purchasing, physical distribution,
lean and quality management. The material, examples, questions, and problems lead the
student logically through the text. The writing style is simple and user-friendly—both
instructors and students who have used the book attest to this.

NEW TO THIS EDITION

All chapters have been updated to reflect new techniques and technology
Nine additional case studies have been added

Several special topic boxes have been added relating chapter topics to nonmanufactur-
ing settings such as service industries

End-of-chapter problems have been revised, and some new ones added throughout
the text

Expansion of purpose and impact of strategic planning, including environmental and
sustainability issues. Allows students to understand the importance of the field at a
higher level, including impacts and benefits to society as a whole

Additional information included on demand management

Additional information included on lean production concepts and Theory of Constraints.
Theory of Constraint provides an interesting and potentially effective alternative method
to think about several of the concepts in the book, and can help students compare and
contrast Theory of Constraint with non-Theory of Constraint approaches. (See Ch. 6)

A brief introduction to Project Management has been added to Ch. 6 to provide students
initial exposure to a skill today’s employers are looking for

In addition, we have retained several features from previous editions.

Margin icons to note key concepts

Key terms listed at the end of each chapter
Example problems within the chapters

Chapter summaries

Questions and problems at the end of each chapter

Full supplements package including Instructor’s Manual, Computerized Test Bank,
PowerPoint, and Image Bank available for download
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APPROACH AND ORGANIZATION

Materials management means different things to different people. In this textbook, mate-
rials management includes all activities in the flow of materials from the supplier to the
consumer. Such activities include physical supply, operations planning and control, and
physical distribution. Other terms sometimes used in this area are business logistics and
supply chain management. Often, the emphasis in business logistics is on transportation
and distribution systems with little concern for what occurs in the factory. Whereas some
chapters in this text are devoted to transportation and distribution, emphasis is placed on
operations planning and control.

Distribution and operations are managed by planning and controlling the flow of
materials through them and by using the system’s resources to achieve a desired customer
service level. These activities are the responsibility of materials management and affect
every department in a manufacturing business. If the materials management system is
not well designed and managed, the distribution and manufacturing system will be less
effective and more costly. Anyone working in manufacturing or distribution should have
a good basic understanding of the factors influencing materials flow. This text aims to
provide that understanding and also inctudes chapters on quality management and lean
production.

APICS defines the body of knowledge, concepts, and vocabulary used in produc-
tion and inventory control. Establishing standard knowledge, concepts, and vocabulary is
essential both for developing an understanding of production and inventory control and
for making clear communication possible. Where applicable, the definitions and concepts
in this text subscribe to APICS vocabulary and concepts.

The first six chapters of Introduction to Materials Management cover the basics of
production planning and control. Chapter 7 discusses important factors in purchasing
and supply chain; Chapter 8 discusses forecasting. Chapters 9, 10, and 11 look at the
fundamentals of inventory management. Chapter 12 discusses physical inventory and
warehouse management, and Chapter 13 examines the elements of distribution systems,
including transportation, packaging, and material handling. Chapter 14 covers factors
influencing product and process design. Chapter 15 looks at the philosophy and environ-
ment of lean production and explains how operations planning and control systems relate
to lean production. Chapter 16 examines the elements of total quality management and six
sigma quality approaches.

ONLINE INSTRUCTOR RESOURCES

At the Instructor Resource Center, www.pearsonglobaleditions.com/Chapman. instruc-
tors can easily register to gain access to a variety of instructor resources available with this
text in downloadable format. If assistance is needed. our dedicated technical support team
is ready to help with the media supplements that accompany this text. Visit http://247.
pearsoned.com for answers to frequently asked questions and toll-free user support phone
numbers.

List of Supplements

® Instructor’s Manual

= Computerized Test Bank
= PowerPoint

® Image Bank
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CHAPTER
ONE

INTRODUCTION TO MATERIALS
MANAGEMENT

INTRODUCTION

The wealth of a country is measured by its gross national product—the output of goods
and services produced by the nation in a given time. Goods are physical objects, some-
thing one can touch, feel, or see. Services are the performance of some useful function
such as banking, medical care, restaurants, clothing stores, or social services.

But what is the source of wealth? Wealth is measured by the amount of goods
and services produced, but where does it come from? Although rich natural resources
may exist in an economy, such as mineral deposits, farmland, and forests, these are
only potential sources of wealth. A production function is needed to transform these
resources into useful goods. The transformation process begins with extracting minerals
from the earth, farming, lumbering, or fishing, and then using these resources to manu-
facture useful products.

There are many stages between the extraction of resource material and the final con-
sumer product. At each stage in the development of the final product, value is added. thus
creating more wealth. If ore is extracted from the earth and sold, wealth is gained from the
efforts, but those who continue to transform the raw material will gain more and usually
far greater wealth. Japan is a prime example of this. It has very few natural resources and
imports most of the raw materials it needs. However, the Japanese have developed one of
the wealthiest economies in the world by transforming the raw materials they purchase
and adding value to them through manufacturing.

Manufacturing companies are in the business of converting raw materials to a form
that is of far more value and use to the consumer than the original raw materials. Logs are
converted into tables and chairs, iron ore into steel, and steel into cars and refrigerators.
This conversion process, called manufacturing or production, makes a society wealthier
and creates a better standard of living.

To get the most value out of resources, production processes must be so designed
that they make products most efficiently. Once the processes exist, operations are man-
aged so they produce goods most economically. Managing the operation means planning
for and controlling the resources used in the process: labor, capital, and material. All
are important, but the major way in which management plans and controls operations is
through the flow of materials. The flow of materials in turn controls the performance of
the process. If the right materials in the right quantities are not available at the right time,
the process cannot produce what it should. Labor and machinery will be poorly utilized.
The profitability, and even the existence, of the company will be threatened.

OPERATING ENVIRONMENT

Operations management works in a complex environment affected by many factors.
Among the most important are government regulation, the economy, competition, cus-
tomer expectations, and quality.

Government. Regulation of business by the various levels of government is exten-
sive. Regulation applies to such areas as the environment, safety, product liability,
and taxation. Government, or the lack of it, affects the way business is conducted.

13
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Economy. General economic conditions influence the demand for a company’s
products or services and the availability of inputs. During economic recession, the
demand for some products may decrease while demand for others may increase.
Materials and labor shortages or surpluses influence the decisions management
makes. Shifts in the age of the population, needs of ethnic groups, low population
growth, increased free trade between countries, and increased global competition
all contribute to changes in the marketplace.
Competition. Competition is more severe today than ever before.
® Manufacturing companies face competition from throughout the world. They
find foreign competitors selling in their markets even though they themselves
may not be selling in foreign markets.

® Transportation and the movement of materials are relatively more efficient and
less costly than they used to be.

® Worldwide communications are fast, effective, and cheap. Information and data
can be moved almost instantly around the globe. The internet allows buyers to
search out new sources of supply from anywhere in the world as easily as they
can from local sources.

Customers. Both consumers and industrial customers have become much more
demanding, and suppliers have responded by improving the range of characteristics
they offer. Some of the characteristics and selection customers expect in the prod-
ucts and services they buy are:

A fair price.

Higher (exact) quality products and services.

Delivery lead time.

Better presale and after-sale service.
® Product and volume flexibility.

uality. Since competition is international and aggressive, successful companies

y P 28 P
provide quality that not only meets customers’ high expectations but also exceeds
them.

Order Qualifiers and Order Winners

Generally, a supplier must meet set minimum requirements to be considered a viable
competitor in the marketplace. Customer requirements may be based on price, quality,
delivery, and so forth and are called order qualifiers. For example, the price for a certain
type of product must fall within a range for the supplier to be considered by potential cus-
tomers. But being considered does not mean winning the order. To win orders, a supplier
must have characteristics that encourage customers to choose its products and services
over competitors’. Those competitive characteristics, or combination of characteristics,
that persuade a company’s customers to choose its products or services are called order
winners. They provide a competitive advantage for the firm. Order winners change over
time and may well be different for different markets. For example, fast delivery may be
vital in one market but not in another. Characteristics that are order winners today prob-
ably will not remain so, because competition will try to copy winning characteristics, and
the needs of customers will change.

It is very important that a firm understands the order winners and order qualifiers
for each of its products or services and in each of its markets because they should drive
the manufacturing and corporate strategy. Since it is virtually impossible to be the best in
every dimension of competition, firms should in general strive to provide at least a mini-
mal level of acceptance for each of the order qualifiers but should try to be the best in the
market for the order winner(s).

One also should recognize that the order winners and qualifiers for any product/
market combination are not static. Not only will customers change perspectives as com-
petitors jockey for position, but the order winners and qualifiers will also often change
based on the concepts of the product life cycle. Most products go through a life cycle,
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including introduction, growth, maturity, and decline. For example, in the introduction
phase, design and availability are often much more important than price. Quality and
delivery tend to have increased importance during growth, while price and delivery are
often the order winners for mature products. This life cycle approach is complicated in
that the duration of the life cycle will be very different for different products. Although
some products have life cycles many years long, the life cycle of other products (certain
toys or electronics, for example) can be measured in months or even weeks.

Manufacturing Strategy

A highly market-oriented company will focus on meeting or exceeding customer expec-
tations and on order winners. In such a company, all functions must contribute toward a
winning strategy. Thus, operations must have a strategy that allows it to supply the needs
of the marketplace and provide fast on-time delivery.

Delivery lead time From the supplier’s perspective, delivery lead time is the time
from receipt of an order to the delivery of the product. From the customer’s perspective, it
may also include time for order preparation and transmittal. Most customers want delivery
lead time to be as short as possible, and manufacturing must determine a process strategy
to achieve this. There are five basic process strategy choices: engineer-to-order, make-to-
order, configure-to-order, assemble-to-order, and make-to-stock. Customer involvement
in the product design, delivery lead time, and inventory state are influenced by each
strategy. Based on the type of products a company makes, and their customer base, a com-
pany may determine that more than one process strategy is required. Figure 1.1 shows the
effect of each process strategy on lead time.

Engineer-to-order means that the customer’s specifications require unique engineer-
ing design or significant customization. Usually the customer is highly involved in the
product design. Inventory will not normally be purchased until needed by manufacturing.
Delivery lead time is long because it includes not only purchase lead time but also design
lead time.

Make-to-order means that the manufacturer does not start to make the product until
a customer’s order is received. The final product is usually made from standard items but
may include custom-designed components as well. Delivery lead time is reduced because
there is little design time required and inventory is held as raw material.

| -« Delivery Lead Time r|

l DESIGN | PURCHASE ‘ MANUFACTURE ‘ ASSEMBLE l SHIP |

ENGINEER-TO-

ORDER
I<—— Delivery Lead Time —-»l
MAKE-TO-
INVENTORY MANUFACTURE | ASSEMBLE | SHIP ORDER
r—i Delivery Lead Time ——»l
CONFIGURE-
VENTORY A
IN MANUFACTURE SSEMBLE | SHIP TO-ORDER
- Delivery Lead Time
ASSEMBLE-
MANUFACTURE INVENTORY BLE HIP
el S TO-ORDER
Delivery Lead Time 47 |<-—
MANUFACTURE ASSEMBLE INVENTORY | SHIP g/fl%KciTo_

FIGURE 1.1 Manufacturing strategy and lead time.
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Configure-to-order means that the customer is allowed to configure a product based
on various features and options. Each customer, and order, may be an entirely unique
configuration that has never been done before, and the configuration often occurs at
the beginning of the process. Delivery lead time is reduced because there is no design
time required and the different features and options may aiready be available. Customer
involvement includes selecting the features and options desired.

Assemble-to-order means that the product is made from standard components or
options that the manufacturer can inventory and assemble according to a customer order.
This is usually done at a later stage in the process than configure-to-order. Delivery lead
time is reduced further because there is no design time needed and inventory is held ready
for assembly. Customer involvement in the design of the product is limited to selecting the
assembly options needed.

Make-to-stock means that the supplier manufactures the goods and sells from a fin-
ished goods inventory. Delivery lead time is shortest as manufacturing and assembly have
already been completed. The customer has little direct involvement in the product design.

Postponement is another application of assemble-to-order, described in APICS
Dictionary, 14th edition as “a product design strategy that shifts product differentiation
closer to the consumer by postponing identity change to the last possible supply chain
location.” This strategy reduces the number of different items in the supply chain, lower-
ing the amount of in-process inventory.

An example of postponement would be computer printers for a global market that
use universal power supplies that can be switched to different voltages. Upon receipt of a
customer’s order, they are packaged with the appropriate cords, instructions, and labeling.
This avoids filling an entire supply chain with expensive printers destined for many dif-
ferent countries. Some basic postponement can be done in a distribution center and often
by third party logistics (3PL) providers. Foreign suppliers of appliances, such as vacuum
cleaners destined for multiple customers, postpone the packaging of their products, apply-
ing customer-specific labels, bar codes, boxes, instructions, and so forth until after receipt
of the customer order.

THE SUPPLY CHAIN CONCEPT

There are three phases to the flow of materials. Raw materials flow into a manufactur-
ing company from a physical supply system, they are processed by manufacturing, and
finally, finished goods are distributed to end consumers through a physical distribution
system. Figure 1.2 shows this system graphically. Although this figure shows only one
supplier and one customer, usually the supply chain consists of several companies linked
in a supply—demand relationship. For example, the customer of one supplier buys a prod-
uct, adds value to it, and supplies it to yet another customer. Similarly, one customer may

S &
U U
P S
P DISTRIBUTION 11
L - MANUFACTURER  ji| SYSTEM e o
I I | M
E | | E
R I I R
| |
| Physical |  Manufacturing, | Physical Distribution I
I Supply l Planning, and | I
: : Control : :

DOMINANT FLOW OF PRODUCTS AND SERVICES

DOMINANT FLOW OF DEMAND AND DESIGN INFORMATION

FIGURE 1.2 Supply—production—distribution system.
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have several suppliers and may in turn supply several customers. As long as there is a
chain of supplier—customer relationships, they are all members of the same supply chain.
There are a number of important factors in supply chains:

® The supply chain includes all activities and processes to supply a product or service to
a final customer.

®  Any number of companies can be linked in the supply chain.

® A customer can be a supplier to another customer, so the total chain can have a num-
ber of supplier—customer relationships.

= Although the distribution system can be direct from supplier to customer, depending
on the products and markets, it can contain a number of intermediaries (distributors)
such as wholesalers, warehouses, and retailers.

® Product or services usually flow from supplier to customer; design, demand informa-
tion, and cash usually flow from customer to supplier.

Although these systems vary from industry to industry and company to company, the
basic elements are the same: supply, production, and distribution. The relative importance
of each depends on the costs of the three elements.

Supply Chain Concepts

In recent years there has been a great deal of attention given to the concept of supply
chain management (SCM). It is important to understand fundamental concepts of supply
chain management and its impact on materials management.

Historical perspective In the past, many company managers placed most of their
attention on the issues that were internal to their companies. Of course, they were aware of
the impact of suppliers, customers, and distributors, but those entities were often viewed
as business entities only. Specialists in purchasing, sales, and logistics were assigned
to deal with those outside entities, often through formal legal contracts that were nego-
tiated regularly and represented short term agreements. For example, suppliers were
often viewed as business adversaries. A key responsibility of a purchasing agent was to
negotiate the best financial and delivery conditions from a supplier, whose job was to
maximize company profit.

The first major change in that perspective for most companies can be traced to the
explosive growth in just-in-time (JIT) concepts, originally developed by Toyota and other
Japanese companies in the 1970s. Supplier partnerships were felt to be a major aspect of
successful JIT. With that concept, suppliers were viewed as partners as opposed to adver-
saries, meaning the supplier and the customer had mutually linked destinies, and each was
linked to the success of the other. Great emphasis was put on trust between the partners,
and many of the formal boundary mechanisms, such as the receiving/inspection activity of
incoming parts, were changed or eliminated altogether. As the partnership concept grew,
there were many other changes in the relationship, including:

® Mutual analysis for cost reduction. Both parties examined the process used to
transmit information and deliver parts, with the idea that cost reductions would be
shared between the two parties.

® Mutual product design. In the past, the customer often submitted complete designs
to the supplier, who was obligated to produce according to design. With partnering,
both companies worked together. Often the supplier would know more about how
to make a specific product, whereas the customer would know more about the appli-
cation for which the design was intended. Together, they could produce a superior
design compared to what either could do alone.

® Enhanced information flow. JIT incorporated the concept of greatly reduced inven-
tory in the process and the need for rapid delivery according to need; therefore, the
speed of accurate information flow became critical. Formal paper-based systems gave
way to electronic data interchange (EDI) and more informal communication methods
between individuals at the supplier and customer.
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The growth of the supply chain concept As the world continues to change, addi-
tional modifications are being added to the trend:

® There has been explosive growth in computer capability and associated software
applications. Highly effective and integrated systems such as enterprise resource
planning (ERP) and the ability to link companies electronically (through the internet,
for example) have allowed companies to share large amounts of information quickly
and easily. The ability to have information rapidly has become a competitive neces-
sity for many companies.

® There has been a large growth in global competition. Very few companies can still
say they have only local competition, and many of the global competitors are forcing
existing companies to find new ways to be successful in the marketplace.

m There has been a growth in technological capabilities for products and processes.
Product life cycles for many products are shrinking rapidly, forcing companies to not
only become more flexible in design but also to communicate changes and needs to
suppliers and distributors.

®m The changes prompted by JIT in the 1980s have continued to mature and become more
accurately defined as lean production. Now many companies have new approaches to
inter-organizational relationships as a normal form of business.

m Partially in response to the preceding conditions, more and more companies are sub-
contracting more of their work to suppliers, keeping only their most important core
competencies as internal activities.

What is the current supply chain philosophy? Companies adopting the supply chain
concept now view the entire set of activities from raw material production to final customer
purchase, to final disposal as a linked chain of activities. To yield optimal performance for
customer service and cost, it is felt that the supply chain of activities should be managed as an
extension of the partnership. This implies many issues, but three critical ones are as follows:

1. Flow of materials.
2. Flow and sharing of information.
3. Flow of funds.

In addition, a new trend is emerging to manage the recovery, recycling, and reuse of
material, known as reverse logistics.

The primary supply chain management approach is a conceptual one. All portions of
the material production, from raw materials to final customer, are considered to be in a
linked chain. The most efficient and effective way to manage the activities along the chain
is to view each separate organization in the chain as an extension of one’s own organiza-
tion. There can be many organizations in a supply chain. Take as an example the chain of
organizations that represents the flow from raw silicon used to make computer chips to the
delivery and disposal of the computer itself in Figure 1.3.

What is illustrated here is but one chain of a set of different component chains that
represent a network of suppliers and distributors for a product.

Most companies work with a network of supply chains, obtaining a variety of materi-
als from multiple suppliers and sending products to multiple customers. Even a grocery

SILICON il CIIEEE?: g: |[|):>) PRINTED CIRCUIT @ COMPUTER
PRODUCTION PRODUCTION BOARD PRODUCTION PRODUCTION
DISTRIBUTOR RETAILER > CUSTOMER > DISPOSAL

FIGURE 1.3 Supply chain organizations.
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store has to deal with suppliers of dry goods, magazines, frozen and fresh products, and
small suppliers of local produce or specialty goods.

The many independent businesses that make up a supply chain have individual profit
motives and do not naturally cooperate to gain savings. This requires someone to take the ini-
tiative. Any member of the supply chain can work with other members to show the benefits of
sharing information on forecasts, sales information, or schedules. Orchestrator or channel
master are two emerging terms that describe the individual or company that takes the initia-
tive to integrate both the upstream and downstream supply chain. getting members to work
cooperatively to lower total costs and achieve greater efficiency. This is often the nucleus firm
within the supply chain. The result is a network of companies that openly share information.

To manage a supply chain, one must not only understand the network of suppliers and
customers along the chain but also try to efficiently plan material and information flows
along each chain to maximize cost efficiency, effectiveness, delivery, and flexibility. This
clearly implies not only taking a different conceptual approach to suppliers and custom-
ers but also a highly integrated information system and a different set of performance
measures. Overall, the key to managing such a concept is with rapid flows of accurate
information and increased organizational flexibility.

Supply Chain Metrics

A metric is a verifiable measure stated in either quantitative or qualitative terms defined
with respect to a reference point. Without metrics, no firm can expect to function effec-
tively or efficiently on a daily basis. Metrics give us

Control by superiors.

Reporting of data to superiors and external groups.

Communication.

Learning.

S SR SR

Improvement.

Building the right metrics is vital to a company, as metrics communicate expecta-
tions, identify problems, direct a course of action, and motivate people. Problems must be
anticipated and corrective action taken before they become severe and costly. Companies
cannot risk waiting to react until the order cycle is completed and feedback from custom-
ers is received.

Today, production control works in a demanding environment shaped by six major
challenges:

Customers that are rarely satisfied.
A supply chain that is large and must be managed.

A product life cycle that is getting shorter and shorter.
A vast amount of data.

An emphasis on profit margins that are more squeezed.

R SR SR

An increasing number of alternatives.

A firm typically has a corporate strategy that states how it will treat its customers and
what services it will supply. This identifies how a firm will compete in the marketplace. It
is the customer who assesses the firm’s offering by its decision to buy or not to buy. How
metrics link strategy to operations is shown in Figure 1.4. Focus describes the particular

Strategy Focus
> Strategic ===  \etrics === Operational <
Customer Standard

FIGURE 1.4 Metrics context.
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activity that is to be measured. Standards are the yardstick that is the basis of comparison
on which performance is judged.

There is a difference between performance measurements and performance standards.
A performance measure must be both quantified and objective and contain at least two
parameters. For example, the number of orders per day consists of both a quantity and
a time measurement.

Transforming company policies into objectives and specific goals creates performance
standards. Each goal should have target values. An example of this would be to improve
order fill rate to 98% measured by number of lines. Performance standards set the goal,
while performance measures reveal how close to the goal the organization reached.

Many companies do not realize the potential benefits of performance measurement,
nor do they know how to measure performance, and often try to use them without perfor-
mance standards. This might occur when the concept of performance measurement and
standards is new. Only when standards are put into use can management begin to monitor
the company. The old saying “What you do not measure, you cannot control” is as valid
today as it was when first stated.

The necessary steps in implementing such a program are as follows:

Establish company goals and objectives.
Define performance.

State the measurement to be used.

Set performance standards.

Educate the participant.

SRR R

Make sure the program is consistently applied.

Although financial performance has traditionally been the measure of success in most
companies, today the focus is on continuous improvement and, with this, an increase
in standards. Emphasis should not be placed on a “one-shot” improvement but on such
things as the rate of improvement in quality, cost, reliability, innovation, effectiveness,
and productivity.

Conflicts in Traditional Systems

In the past, supply, production, and distribution systems were organized into separate
functions that reported to different departments of a company. Often, policies and prac-
tices of the different departments maximized departmental objectives without considering
the effect they would have on other parts of the system. Because the three systems are
interrelated, conflicts often occurred. Although each system made decisions that were best
for itself, overall company objectives suffered. For example, the transportation department
would ship in the largest quantities possible so it could minimize per-unit shipping costs.
However, this increased inventory and resulted in higher inventory-carrying costs.
To get the most profit, a company must have at least four main objectives:

Provide best customer service.
Provide lowest production costs.

Provide lowest inventory investment.

o B

Provide lowest distribution costs.

These objectives create conflict among the marketing, production, and finance depart-
ments because each has different responsibilities in these areas.

Marketing’s objective is to maintain and increase revenue; therefore, it must provide
the best customer service possible. There are several ways of doing this:

® Maintain high inventories so goods are always available for the customer.
® [nterrupt production runs so that a non-inventoried item can be manufactured quickly.

® (Create an extensive, and consequently costly, distribution system so goods can be
shipped to the customer rapidly.




Introduction to Materials Management 21

FUNCTION OBJECTIVE IMPLICATION
Marketing « High Revenues High
« High Product Customer Service
Availability Low
Production « Low Production Many | Disruptions
Cost to
- High-Level Few | production
Production
« Long Production
Runs
Finance « Low Investment
and Co§t High
+ Fewer Fixed Inventories
Costs Low

» Low Inventories

FIGURE 1.5 Conflicting objectives.

Finance must keep investment and costs low. This can be done in the following ways:

Reduce inventory so inventory investment is at a minimum.
Decrease the number of plants and warehouses.

Produce large quantities using long production runs.
Manufacture only to customer order.

Production must keep its operating costs as low as possible. This can be done in the
following ways:

= Make long production runs of relatively few products. Fewer changeovers will be
needed and specialized equipment can be used, thus reducing the cost of making the
product.

B Maintain high inventories of raw materials and work-in-process so production is not
disrupted by shortages.

These conflicts among marketing, finance, and production center on customer service,
disruption of production flow, and inventory levels. Figure 1.5 shows this relationship.

Today, the concepts of lean production stress the need to supply customers with what
they want, when they want it, and to keep inventories at a minimum. These objectives put
further stress on the relationship among production, marketing, and finance. Chapter 15
will discuss the concepts of lean production and how it influences materials management.

One important way to resolve these conflicting objectives is to provide close coor-
dination of the supply, production, and distribution functions. The problem is to balance
conflicting objectives to minimize the total of all the costs involved and maximize
customer service consistent with the goals of the organization. This requires some type of
integrated materials management or logistics organization that is responsible for supply,
production, and distribution. Rather than having the planning and control of these func-
tions spread among marketing. production, and distribution, they should occur in a single
area of responsibility.

WHAT IS MATERIALS MANAGEMENT?

The concept of having one department responsible for the flow of materials, from supplier
through production to consumer, thereby minimizing total costs and providing a better
level of customer service, is known as materials management. Other names include dis-
tribution planning and control, supply chain management, and logistics management, but
the one used in this text is materials management. As will be discussed in Chapter 15, lean
production not only requires efficient individual operations but also requires all operations
to work together. A materials management department can improve this coordination by
having overall responsibility for material.
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Materials management is a coordinating function responsible for planning and con-
trolling materials flow. Its objectives are as follows:

B Maximize the use of the firm’s resources.

® Provide the required level of customer service.

Materials management can do much to improve a company’s profit. An income
(profit and loss) statement for a manufacturing company might look something like the

following:

Revenue (sales)
Cost of Goods Sold
Direct Material

Direct Labor

Factory Overhead

Total Cost of
Goods Sold

Gross Profit

Dollars
$1,000,000
$500,000
$200,000
$200,000
$900.000
$100,000

Percent
of Sales

100

50
20

20
10

Direct labor and direct material are costs that increase or decrease with the quantity
sold. Overhead (all other costs) does not vary directly with sales. For simplicity, this
section assumes overhead is constant, even though it is initially expressed as a percent-

age of sales.

If, through a well-organized materials management department, direct materials can
be reduced by 12%, the improvement in profit would be

Revenue (sales)
Cost of Goods Sold
Direct Material
Direct Labor

Overhead

Total Cost of
Goods Sold

Gross Profit

Dollars
$1,000,000
$440.,000
$200,000
$200,000
$840.000
$160,000

Percent
of Sales

100

44
20

84
16

Profit has been increased by 60%. In other words, managing inventory effectively
goes right to the bottom line of a company’s profit. To get the same increase in profit
($60,000) by increasing revenue, sales would have to increase to $1.2 million.

Revenue (sales)
Cost of Goods Sold
Direct Material
Direct Labor

Overhead

Total Cost of
Goods Sold

Gross Profit

Dollars
$1,200,000
$ 600,000
$ 240,000
$ 200,000
$1.040.000
$160,000

Percent
of Sales

100

50
20
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Example Problem

a. If the cost of direct material is 60%, direct labor is 10%, and overhead is 25% of
sales, what will be the improvement in profit if cost of direct material is reduced to
55%7?

b. How much will sales have to increase to give the same increase in profit? (Remember,
overhead cost is constant.)

ANSWER Before After
a. Improvement Improvement
Revenue (sales) 100% 100%
Cost of Goods Sold
Direct Material 60% 55%
Direct Labor 10% 10%
Overhead 25% 25%
Total Cost of Goods Sold _95% _90%
Gross Profit 5% 10%

b. Profit = sales — (direct material + direct labor + 0.25)
= sales — (0.6 sales + 0.1 sales + 0.25)
=sales — 0.7 sales — 0.25
0.1 =0.3 sales —0.25

0.3 Sales =0.35
<035
Sales = 03 1.17

Sales must increase 17% to give the same increase in profit.

Work-in-Process

Inventory not only accounts for the raw materials and purchased components, but is also
made up of the product as it is processed into finished goods. This type of inventory is
called work-in-process (WIP). WIP is a major investment for many companies, and
reducing the amount of time that inventory spends in production is a good way to reduce
the costs associated with this investment. Labor, materials, and overhead are applied to
goods continuously through-out production, which increases the value of WIP. Further
discussion on WIP and reducing it is covered in Chapters 9 and 15.

Example Problem

On average, a company has a 12-week production lead time and an annual cost of
goods sold of $36 million. Assuming the company works 50 weeks per year:

a. What is the dollar vaiue of the WIP?

b. If the lead time could be reduced to 5 weeks, and the annual cost of carrying
inventory was 20% of the inventory value, what would be the annual savings?

ANSWER

Weekly cost of goods sold = $36,000,000 per year/50 weeks per year
=$720,000/week
WIP value at 12 weeks LT = 12 weeks x $720,000/week = $ 8,640,000
WIP value at 5 weeks LT =5 weeks x $720,000/week = $ 3,600,000
Reduction in WIP = $8,640,000 — 3,600,000 = 5,040,000
Annual Savings = $5,040,000 x 20% = $ 1,008,000
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Reducing cost contributes directly to profit. Increasing sales increases direct costs of
labor and materials so profit does not increase in direct proportion. Materials management
can reduce costs by being sure that the right materials are in the right place at the right
time and the resources of the company are properly used.

There are several ways of classifying this flow of material. A very useful classifica-
tion, and the one used in this text, is manufacturing planning and control and physical
supply/distribution.

Manufacturing Planning and Control

Manufacturing planning and control are responsible for the planning and control of the
flow of materials through the manufacturing process. The primary activities carried out
are as follows:

1. Production planning. Production must be able to meet the demand of the market-
place. Finding the most productive way of doing so is the responsibility of production
planning. It must establish correct priorities (what is needed and when) and make
certain that capacity is available to meet those priorities. It involves:

a. Forecasting.

b. Master planning.

c. Material requirements planning.
d. Capacity planning.

2. Implementation and control. These functions are responsible for putting into
action and executing the plans made by production planning. These responsibilities
are accomplished through production activity control (often called shop floor control)
and purchasing.

3. Inventory management. Inventories are materials and supplies carried on hand
either for sale or to provide material or supplies to the production process. They are
part of the planning process and provide a buffer against the differences in demand
rates and production rates.

Production planning, implementation, control, and inventory management work hand-
in-hand. Inventories in manufacturing are used to support production or are the result of
production.

Inputs to the manufacturing planning and control system There are five basic
inputs to the manufacturing planning and control system:

1. Product description. The product description shows how the product will appear
at some stage of production. Engineering drawings and specifications are methods of
describing the product. Another method, and the most important for manufacturing
planning and control, is the bill of material. As used in materials management, this
document does two things:

® Describes the components used to make the product.
® Describes the subassemblies at various stages of manufacture.

2. Process specifications. Process specifications describe the steps necessary to make
the end product. They are a step-by-step set of instructions describing how the prod-
uct is made. This information 1s usually recorded on a route sheet or in a routing.
These are documents or computer files that give information such as the following on
the manufacture of a product:
® Qperations required to make the product.

B Sequence of operations.
B Equipment and accessories required.

= Standard time required to perform each operation.
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SUMMARY

3. Time. The time needed to perform operations is usually expressed in standard time,
which is the time taken by an average operator, working at a normal pace, to perform
a task. It is needed to schedule work through the plant, load the plant, make delivery
promises, and cost the product. Standard times for operations are usually obtained
from the routing information.

4. Available facilities. Manufacturing planning and control must know what plant,
equipment, and labor will be available to process work. This information is usually
found in the work center information.

5. Quantities required. This information will come from forecasts, customer orders,
orders to replace finished goods inventory, and the material requirements plan.

Physical Supply/Distribution

Physical supply/distribution includes all the activities involved in moving goods, from the
supplier to the beginning of the production process, and from the end of the production
process to the consumer.
The activities involved are as follows:
Transportation.
Distribution inventory.
Warehousing.
Packaging.
Material handling.

Order entry.

Materials management is a balancing act. The objective is to be able to deliver what
customers want, when and where they want it, and to do so at minimum cost. To achieve
this objective, materials management must make tradeoffs between the level of customer
service and the cost of providing that service. As a rule, costs rise as the service level
increases, and materials management must find that combination of inputs to maximize
service and minimize cost. For example, customer service can be improved by estab-
lishing warehouses in major markets. However, that causes extra cost in operating the
warehouse and in the extra inventory carried. To some extent, these costs will be offset by
potential savings in transportation costs if lower cost transportation can be used.

By grouping all those activities involved in the movement and storage of goods into one
department, the firm has a better opportunity to provide maximum service at minimum cost
and to increase profit. The overall concern of materials management is the balance between
priority and capacity. The marketplace sets demand and materials management must plan
the firm’s priorities (what goods to make and when) to meet that demand. Capacity is the
ability of the system to produce or deliver goods. Materials management is responsible for
planning and controlling priority and capacity to meet customer demand at minimum cost.

Manufacturing creates wealth by adding value to goods. To improve productivity and
wealth, a company must first design efficient and effective systems for manufacturing. It
must then manage these systems to make the best use of labor, capital, and material. One
of the most effective ways of doing this is through the planning and control of the flow of
materials into, through, and out of manufacturing. There are three elements to a material
flow system: supply, manufacturing planning and control, and physical distribution. They
are connected, and what happens in one system affects the others.

Traditionally, there are conflicts in the objectives of a company and in the objectives
of marketing, finance, and production. The role of materials management is to balance
these conflicting objectives by coordinating the flow of materials so customer service is
maintained and the resources of the company are properly used.

This text will examine some of the theory and practice considered to be part of the
body of knowledge of materials and supply chain management.
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KEY TERMS
Assemble-to-order 16 Order qualifiers 14
Available facilities 25 Order winners 14
Bill of material 24 Performance measure 20
Channel master 19 Performance standards 20
Configure-to-order 16 Postponement 16
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Orchestrator 19 Work-in-process (WIP) 23
QUESTIONS
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What is wealth, and how is it created?

What is value added, and how is it achieved?

Name and describe four major factors affecting operations management.

What are an order qualifier and an order winner?

Describe the five primary manufacturing strategies. How does each affect delivery lead time?
What is a supply chain? Describe five important factors in supply chains.

What must manufacturing management do to manage a process or operation? What is the major
way in which management plans and controls?

8. Name and describe the three main divisions of supply, production, and distribution systems.

9. What are the four objectives of a firm wishing to maximize profit?

21.

22.

. What is the objective of marketing? What three ways will help it achieve this objective?
1.
12.
13.

What are the objectives of finance? How can these objectives be met?
What are the objectives of production? How can these objectives be met?

Describe how the objectives of marketing, production, and finance are in conflict over cus-
tomer service, disruption to production, and inventories.

. What is the purpose of materials management?
15.
16.
. What are the six activities involved in the physical supply/distribution system?
18.
19.
20.

Name and describe the three primary activities of manufacturing planning and control.

Name and describe the inputs to a manufacturing planning and control system.

Why can materials management be considered a balancing act?
What are metrics? What are their uses?

A computer carrying case and a backpack are familiar items to a student of manufacturing
planning and control. Discuss the manufacturing planning and control activities involved in
producing a variety of these products. What information from other departments is necessary
for manufacturing planning and control to perform its function?

Describe at least three supply chains that provide products to your school book store. Do they
use cooperative supply chain methods to help reduce their costs?

From the bookstore example in question 21. describe how one of the supply chains would use a
supply chain “‘channel master.”
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23. Which manufacturing strategies are used in a fast-food business? How does this affect the lead
time from the customers’ point of view?

24. Give an example of a postponement activity.

PROBLEMS

1.1 If the cost of manufacturing (direct material and direct labor) is 60% of sales and profit
is 10% of sales, what would be the improvement in profit if, through better planning and
control, the cost of manufacturing was reduced from 60% of sales to 50% of sales?

Answer. Profits would improve by 100%.

1.2 In problem 1.1, how much would sales have to increase to provide the same increase
in profits?

Answer. Sales would have to increase 25%.

1.3 On the average, a company has a 12-week production lead time and an annual cost of
goods sold of $38 million. Assuming the company works 50 weeks per year:

a. What is the dollar value of the WIP?
b. If the lead time could be reduced to 5 weeks, what would be the reduction in the WIP?
Answer. a. $9,120,000

b. $5,320,000

i.4 On the average, a company has a WIP lead time of 8 weeks and an annual cost of
goods sold of $40 million. Assuming that the company works 50 weeks a year:

a. What is the dollar value of the work-in-process?

b. If the work-in-process could be reduced to 5 weeks and the annual cost of carrying
inventory was 15% of the WIP inventory value, what would be the annual savings?

1.5 Flex Electronics has recorded sales of $20 million in the last year. The company’s
spend on the cost of direct material was 55%, direct labor was 15%, and overhead was
25% of sales. What will be the improvement in profit if the cost of direct material is
reduced to 50%"?

a. What will be the profit before improvement?
b. What will be the profit after improvement?

¢. How much will sales have to increase to give the same increase in profit?

CASE STUDY 1.1

Priya’s Cakes

Three years ago, Priya decided to pursue a profession that combined her passion for bak-
ing and her unique artistic ability. She opened a cake shop in the heart of her city. She
focused on using the best and latest technology in the field of baking and confectionery.
Soon, her talent and her dedication to providing quality products made her shop, Priya’s
Cakes, one of the most popular local cake shops. In the first two years of operations, she
focused primarily on make-to-stock standard cake orders. She also supplied her friends
and family with uniquely designed cakes on special occasions such as baby showers,
wedding ceremonies, anniversaries, and birthdays. This triggered positive word-of-mouth
advertising for her business, resulting in frequent requests for custom cakes. In the third
year, she finally introduced make-to-order custom cakes as a formal product offering.
Since then, her business has grown substantially, and revenue from custom cakes now
makes half of her total revenue. But introducing custom cakes has also brought numer-
ous unanticipated challenges for her business. She pondered over how to deal with these
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challenges, intending to take the necessary actions immediately in order to be ready for an
upcoming busy wedding season. The following are some of the major issues she wanted to
discuss with her business consultant in the next meeting.

Business Strategy: From the beginning, she had aimed to provide quality products by
ensuring that there would be superior ingredients, expert chefs, and the latest equipment.
Twelve varieties of cakes were offered each day: eight standard flavors and four flavors
that changed on a daily basis. All of these cakes were prepared by focusing on make-to-
stock arrangements, with minor decorations and a message or name added at the time of
purchase. Most of the orders were walk-in purchases. The orders for sugar-free, gluten-
free, and eggless cakes were pre-booked and delivered in limited flavors. High-product
quality, good variety, competitive pricing, short lead time, and nice hospitality soon made
Priya’s Cakes a preferred “cakery” among the locals.

As this business segment appealed to her creative and artistic abilities and had higher
profit margins, she started offering make-to-order custom cakes too. She viewed this as
an opportunity to create and deliver a delicious centerpiece that everyone would rave
about. This required her thorough involvement with the customers to finalize various
cake features, such as seasonal ingredients, tailored pictures, new flavor combinations,
types of cream, the choice of available tier shapes (round, square, hexagonal, oval, and
heart-shaped), decorations, and fruit toppings. All tailored cakes were baked freshly
against order. The majority of these orders were for wedding cakes. She also started of-
fering various types of cupcakes and chocolate brownies on order, especially for wedding
ceremonies. In a short time, she had a good relationship with many happy customers, and
this business segment grew substantially. However, the growth also caused several dif-
ficulties due to the following business characteristics:

a. One of the special attractions of her custom cakes was the option of having sculpted
pictures, such as cartoons and toys for kids and romantic images for couples. These
premium cakes were initially baked by her personally. As the orders for custom
cakes increased, Priya hired Megha, another skilled artist and an old friend, to work
with her. Over the time, they used their creativity and various Internet and print
sources to develop a catalog of picture cakes. However, things didn’t work out the
way they anticipated. Several customers complained about the brightness of the
colors and the 3D presentation of the handmade figures and pictures on the deliv-
ered cakes. When Megha and Priya looked into the problem, they realized how this
situation arose: because of high demand, the regular chefs were made to work on
the picture cakes while the two of them were busy dealing with the new customers.
Further, the demand for these premium cakes was uncertain and having additional
full-time artists could mean an increase in fixed labor cost. Later, she tried hir-
ing some part-time skilled artists during rush orders. This proved satisfactory but
reduced her profit margins significantly. She knew that she needed to address this
issue urgently because not delivering what had been promised could mean the per-
manent loss of a good potential customer as well as negative word-of-mouth.

b. The pricing of custom cakes had become a headache for her as well. The price of
these cakes varied depending on the design and flavor, seasonal and tailored cake
flavors, choice of tier shapes, icing design work, decorations and toppings, and
choice of sculpted pictures and figures. As these cakes required more time to be
made and were labor-intensive, their prices were highly variable. She and Megha
decided the prices based on their experience, but the absence of a standard pricing
procedure meant that negotiating with customers took much of their time. Further,
she and Megha were also required to assist various customers in designing custom
cakes, which frequently pulled them away from working on their existing orders.
Scheduling an appointment with customers had also become an issue due to their
busy schedule.

c. Many customers suggested that Priya launch a website where they could order
standard cakes and schedule their pickups, as they often found it quite inconvenient
to visit her shop more than once. Another group of customers wanted to explore
the available cake flavors, custom designs, and various product offerings from their






