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Abstract

For efficient, effective and economical operation in a manufacturing unit of an organization, it
is essential to set up and implement a good planning process for the system in it. Production
planning is an activity that is performed before the actual production process takes place. It
involves determining the schedule of production, sequence of operations, economic batch
quantities, and also the dispatching priorities for sequencing of jobs. During the manufacturing
process, some constraints may rise affecting the throughput, inventory and the operating
expenses of this process. This research concerns the implementation of theory of constraints
(TOC) philosophy, which is used to identify, analyze and eliminate those constrains that
restrict a firm’s value adding process. Although initially a manufacturing method, TOC has
now developed into a theory about management: a powerful systematic problem structuring
and problem solving methodology which can be used to develop solutions with both intuitive
power and analytical rigor. TOC is increasing being applied to situations outside the
manufacturing context, including, distribution, marketing, project management, accounting,
planning — in fact, any situation involving change to a system. The research will include a case

study about ABB Company applying TOC in its planning process.
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Chapter One
Introduction and Framework




1.1 Background

The highest efficiency in production is obtained by manufacturing the required quantity of a
product, the required quality, at the required time by the best and cheapest method. In order to
fulfill the requirements of the exploding population worldwide and to cope up the
uncertainties and opportunities in developing economies of the world; planning has become
the most important part of the organizations strategies. For any organization, its utmost
important identifying its immediate and long term objectives and formulate the strategies to
achieve them in order to sustain in the highly competitive environment. Production planning is
a tool to coordinate all manufacturing activities in a production system. It essentially consists
of planning production in a manufacturing organization before actual production activities
start and exercising control activities to ensure that the planned production is realized in terms
of quantity, quality, delivery schedule and cost of production. Organizational planning also
entails the staffing, resource allocation and responsibilities of management team.

Since the early 1970s; three important approaches have evolved for companies to achieve
competitive advantages; each challenging old assumptions and ways of doing things. These
are materials requirements planning (MRPI and MRPII), just-in-time (JIT), and theory of
constraints (TOC).

No matter what Industry you work in, there is often scope for boosting overall performance. A
great way of doing this is to identify and eliminate "bottlenecks,” or obstacles that are holding
you back. One approach which helps you identify bottlenecks in your processes and systems,
so that you can deal with it and improve performance is the theory of constraints (TOC). In
this research, TOC is clarified, and an appraisal about its application to a company’s situation

had been done.



In TOC’s brief 20-year history, TOC has been developed rapidly in terms of both
methodology and area of applications. In the late 1970’s, the founder of the theory of
constraints, Eliyahu Goldratt, a physicist turned business gru, provided a new approach for
production planning, done with software called Optimized Production Time Table or OPT.
During the mid-1980s, (TOC) evolved from the OPT system. He illustrated the concepts of
TOC in the form of a novel titled “The Goal”. By 1987, the overall concept became known as
the theory of constraints, which Goldratt viewed as “an overall theory for running an
organization”. Due to some difficulties to implement TOC concepts, a second book was
written by Goldratt and Fox: The Race (Spencer et al., 1995)

Central to the TOC was that any organization (or system) has a constraint (or small number of
constraints) which dominate the entire system. The secret to success lies with managing these
constraints, and the system as it interacts with these constraints, to get the best of the whole
system. The Drum-Buffer-Rope scheduling system, together with the general principles
espoused in the Goal, were elements of TOC that became part of successful manufacturing
management.

Given that the major constraint to improvement was the resistance to changing these measures,
it is not surprising therefore that this is the direction that TOC Thinking processes were born: a
suite of tools that allows people to learn and use the thinking processes that enable them to
develop their own solutions to complex problems. This suite of tools enables analysis of a
situation, using the rigor of cause and effect thinking following strict logic rules, combined
with the intuition and knowledge of the persons owning, or intimately involved with, the
problem.

TOC has now been developed into a powerful and versatile management theory, as a suite of

theoretical frames, methodologies, techniques and tools. It is now a systemic problem-
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structuring and problem-solving methodology which can be used to develop solutions with
both intuitive power and analytical rigor in any environment (Mabin & Balderstone, 2003)
Theory of constraints can be summarized as a solution for continuous improvement including
operations strategy tools, performance measurement systems, and thinking process tools (Cox
and Spencer 1998, Gupta 2003). The operations strategy tools include the five focusing steps,
VAT analysis, and specific applications such as production management (drum-buffer rope,
buffer management, batching, and product mix analysis), distribution management, and
project management. TOC performance measurement systems are based on the principles of
throughput accounting which are incorporated through the implementation of concepts such as
throughput, inventory, operating expense, throughput dollar days, and inventory dollar days
(Umble et al., 2006). The thinking process tools include the five logic-based tree diagrams
(current reality tree, evaporating cloud, future reality tree, prerequisite tree, and transition
tree).

The application of TOC was started in production planning and scheduling, which is the focus
in this research. From this perspective, the goal of TOC is to maximize output, which is
achieved by identifying and exploiting the bottleneck resource. Although the goal, principles
and rules of TOC are clear, people use their own ad hoc heuristics to analyze each practical
case.

This chapter includes the research problem, objectives, questions, hypothesis, methodology,
scope and data collection and analysis; clarifying what had been explained and written in the

rest of this thesis.



1.2 Research Problem

The globalization of business is driving many manufacturers to try optimizing the total
systems (Min,H. and Zhou, G., 2003). This trend brings the idea of supply chain, which is to
optimize not only the plant operations but also the whole activities from suppliers
to customers. Production planning process in the manufacturing firms involves the
organization of an overall manufacturing/ operating system to produce a product.
Manufacturing companies are migrating from separated planning processes toward more
integrated planning processes to provide high quality products, on time and at lower costs
(Stadtler, 2005). So the availability of a constraint in the production planning process of the
firm; which is of a great importance and integrated with the overall activities in the firm’s
operations and supply chain; will highly affect the firm’s performance through increasing
costs, time, and inventory, leading to decreasing its throughput and efficiency as well, which
will be reflected on the performance of the whole chain.

In Egypt, manufacturing firms are trying to adopt these new trends of integration and
globalization. Due to the main role of the production planning process in the whole operations
of the firm, production planners are facing high pressures to plan for the manufacturing
process efficiently and effectively to be able to achieve the company’s goal and compete
locally and internationally.

The general research problem is enabling managers by using TOC techniques to improve
performance and throughput in their processes, through assisting them finding and exploiting
the constraint that the company is facing in its planning for manufacturing operations, and

which limits its goals. So the problem statement is “How to apply the TOC philosophy in the



production planning process, and what is the influence of its application on the efficiency of

the production planning process and the company’s goals?”

1.3

1.4

Research Questions

What is the theory of constraints, its main purpose and the strategy tools and
mechanisms used in it?

What are the performance measurements that the theory of constraints is focusing on?
How is the TOC technique applied in production planning process?

What is the effect of applying TOC philosophy on the company’s goals?

Research Objectives

The objectives of the proposed research are as follows:

1.5

Introduce the TOC technique and its strengths, weaknesses and limitations;

Disclose how to apply TOC technique, and how to overcome the problems faced
during its application.

Add to the literature of TOC as well as provide the scientific community a case study

that uses the TOC-framework in its production planning process.

Research Hypothesis

By using the TOC the efficiency of the production planning process will increase.

By eliminating the constraint the throughput will increase, and the inventory and
operating expenses will decrease.

By increasing the throughput and decreasing costs the company’s performance will be

improved and its ability to compete will increase.
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1.6 Research Importance

It is generally accepted that a successful process of improving the performance of any system
must start with identifying the right constraint(s) to solve. However, identifying core systems
constraints remain a challenge for most modern organizations, because of the complexity of
their systems. Techniques are available for identifying systems’ constraints, such as the
Theory of constraint. TOC seeks to identify the system’s constraint and then improve some
objective functions based on management of that constraint. Once the constraint is no longer a
constraint, the method will automatically seek out the next constraint and seek to improve that
using the five focusing steps.

The research addresses the development of a fast and easy-to-use technique for identifying
constraints and improving the system’s performance in ABB Company’s production planning
process and perhaps any process for that matter. The technique will be valuable to improve the
efficiency of the performance. In addition, the time, effort and the number of personnel
involved in the process of identifying process’s constraints will be reduced.

It must however be mentioned that the scope of this research stops at the implementation of
the TOC at a planning process, and as such, it can be applied in many different areas as what
will be mentioned in the literature review.

The proposed research also makes a contribution to spread scientific knowledge. The research
generates valuable information about TOC especially with regard to its application in the

production planning process. Such information may lead to a better understanding of TOC.



1.7 Dependent and Independent VVariables

In this research the independent variable is the constraint or the bottleneck elimination that
will be eliminated using the TOC technique. The constraint is defined as anything that
prevents the system from achieving its goal.

The dependent variable is the company’s performance that will be affected by eliminating that
constraint. Under TOC these performance measures are:

(1) Throughput (T): the rate at which the system generates money through sales.

(2) Inventory (1): all the money invested in purchasing things the system intends to sell.

(3) Operating Expense (OE): all the money the system spends in turning inventory into
throughput. Those measures of performance are to be used to indicate the system's

performance relative to its goal.

1.8 Research Methodoloqgy

The methodology being followed in this research involves using a deductive approach with a
qualitative strategy. The research design includes a case study reflecting the application of the
TOC in the production planning process of ABB Company for producing power products. And

the type of this research being written is an illustrative one.

1.9 Research Method

According to the Theory of constraints, the capacity of a production plant is ultimately
determined by the constraint resource and its capacity.
First, we conduct a thorough literature review on the Theory of constraints as well as the

production planning process. We also review the history, operations and products of ABB



Company. Then we analyze the company’s production planning constraint using the Theory of
constraints —framework.

Finally, we review the application of TOC to the company’s planning process: (1) to
determine the extent to which it can be used and (2) to determine the potential benefits of

using TOC.

1.10 Data Collection

This research is based on both primary and secondary data. The primary data is collected from
an on-site visit to the location of ABB factory to interview a team of managers working there
to answer the questions covering how the TOC technique is applied on their production
planning and its effects. This team consists of the production manager, the industrial manager,
the production planning manager and the material planning manager. The company’s
information systems are used as a key source of data about the case study applied at the
company to find indications about its influence on the company’s performance. The secondary
data which is used to answer the questions about the theory itself and its literature review is
collected from other researches, articles, papers and online scientific websites such as: Google

scholar, Emerald and science direct.

1.11 Data Analysis

The analysis of the application of TOC is made through comparing the planning process
before and after the application of TOC and also through comparing some indicators within
the company before and after applying the theory. These indicators include throughput, lead
time, inventory level, operating expenses etc. In addition to an evaluation for the application

of the TOC within the company, and representing the problems faced by the company in the



implementation process of that theory accompanied by illustrating the changes occurred to the

managers’ roles.

1.12 Research Scope and Limitations

The scope covers how TOC philosophy is applied to solve problems in ABB’S production
planning process and its related context. The company is located at 10™ of Ramadan city and
the case study taken is covering the period from August 2009 to April 2010, at which the
theory has been implemented for more than one time within the firm’s processes, and still
being used till now for different cases.

Although TOC can be viewed as three separate but interrelated areas: operations strategy,
performance measurement, and logical thinking including more than one methodology and
tool within each area, but the research will focus only upon those TOC’s interrelated areas: 1)
operations strategy tools including drum-buffer-rope, the five focusing steps; 2) performance
measurement including throughput, inventory and operating expenses; and 3) logical thinking
including thinking process tools including current reality tree, evaporating cloud, future reality

tree, prerequisite tree, and transition tree.

1.13 Equipment and Resources

The equipment and resources that is required for the proposed research project are outlined in

Table 1.1 together with their respective uses.
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Table 1.1: Equipment and Resources for the research

Equipment /resource

Purpose

Office

Provide safe and conducive environment to carry

out the research project.

Computer and disc storage Space

Literature search, communication, data storage,
data manipulation, data analysis, reports writing,

and thesis writing.

Books and stationery

Reference, note taking, photocopying and

printing.

Printer, photocopier, scanner

Printing, photocopying and scanning.

Telephone

Communication.

Vehicles

Local travel.

1.14 Research Structure

Chapter One: Introduction and Framework

Chapter Two: Literature Review

Chapter Three: Body of Knowledge “Theory of Constraints”

Chapter Four: Case Study “ABB Company”

Chapter Five: Analysis & Conclusion & Recommendations
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Chapter Two
Literature Review




2.1 Introduction

Today’s business environment has become highly competitive. Manufacturing firms have
started recognizing the importance of manufacturing strategy in their businesses. Firms are
increasingly facing external pressures to improve customer response time, increase product
offerings, manage demand variability and be price competitive. In order to meet these
challenges, firms often find themselves in situations with critical shortages of some products
and excess inventories of other products; which in turn raises the issue of finding the right
balance between cutting costs and maintaining customer responsiveness. On another note,
firms are facing internal pressures to increase profitability through improvements in
manufacturing efficiency and reductions in operational costs. Goldratt says the goal of an
organization is to make more money now and in the future. In order to make money,
throughput of an operating system should be increased while its inventory and operating
expenses are being reduced. Production planning helps considerably in reducing operational
costs, improving customer service and utilizing the resources optimally.

The performance of any system is limited by the rate of throughput at the system’s constraint;
identifying the system’s constraint as the weakest link of the chain and eliminating it is the
main idea behind the TOC. As can be observed, it actually focuses on continuous system
improvement by dealing with constraints; the theory can be implemented to almost every
sector and almost every size of companies. Since it has been first put forward by Eliyahu
Goldratt in the early 1980s, TOC has found acceptance as a management philosophy and has
drawn wide attention from practitioners and academic researchers. In literature it is possible to
find several studies to understand this in detail. With the motivation of searching historical

background of this management philosophy and basic concepts of TOC, this study includes a
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literature review that aims to see how this philosophy evolved through time with regarding
benefits and the grounds it creates for further studies. In addition to theoretical search that
aims to highlight important findings on practice of TOC and to mark gaps in application fields
through that extensive search of literature.

This chapter is presenting the literature review of the production planning and its objectives,
and the TOC with some previous success cases and researches that applied the theory with its

results.

2.2 Production Planning

Production planning represents the beating heart of any manufacturing process. Its purpose is
to minimize production time and costs, efficiently organize the use of resources and maximize
efficiency in the workplace. The objective of production planning is to provide a physical
system together with a set of operating guidelines for efficient conversion of raw materials,
human skills and other inputs into finished products (Hemant, 2007). It entails the acquisition
and allocation of limited resources to production activities so as to satisfy customer demand
over a specified time horizon (Graves, 1999). Production planning incorporates a multiplicity
of production elements, ranging from the everyday activities of staff to the ability to realize
accurate delivery times for the customer. The various activities involved in the production
planning are designing the product, determining the equipment and capacity requirement,
designing the layout of physical facilities and material handling system, determining the
sequence of operations and the nature of the operations to be performed along with time
requirements and specifying certain production quantity and quality levels (Hemant, 2007).
With an effective production planning operation at its nucleus, any form of manufacturing

process has the capability to exploit its full potential.
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In other words production planning is a managerial function which is mainly concerned with
the following important issues:

e What production facilities are required?

e How these production facilities should be laid down in the space available for
production? and
e How they should be used to produce the desired products at the desired rate of
production?
Broadly speaking, production planning is concerned with two main aspects: (i) routing or
planning work tasks (ii) layout or spatial relationship between the resources. Production
planning is dynamic in nature and always remains in fluid state as plans may have to be
changed according to the changes in circumstances (Samuel, 1999).
Production planning addresses decisions on the acquisition, utilization and allocation of
production resources to satisfy customer requirements in the most efficient and effective way.
Typical decisions include work force levels, production lot sizes, assignment of overtime and
sequencing of production runs (Graves, 1999). These decisions are aggregate decisions and
tactical in nature. One of the production planning decisions is to determine the production
quantity of intermediate products and finished goods in each time period of the planning
horizon. Production planning also determines the aggregate capacity of resources required to
meet the production plan in each time period to be determined. The production planning costs
are the inventory costs of products and setup costs incurred over the planning horizon. The
production-planning problem is to determine the decisions discussed above at minimum cost

(Mehta, 2004).
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Any planning problem starts with a specification of customer demand that is to be met by the
production plan. Planning problems are inherently optimization problems, where the objective
is either to develop a plan that meets demand at minimum cost or to fill the demand that
maximizes profit. Also planning problem might exist because there are limited production
resources that cannot be stored from period to period. Choices must be made as to which
resources to include and how to model their capacity and behavior, and their costs. Also, there
may be uncertainty associated with the production function, such as uncertain yields or lead
times. One might only include the most critical or limiting resource in the planning problem,
e.g., a bottleneck. Alternatively, when there is not a dominant resource, then one must model
the resources that could limit production (Graves, 1999).

In many planning contexts, an important construct is to set a planning hierarchy. Namely, one
structures the planning process in a hierarchical way by ordering the decisions according to
their relative importance (Graves, 1999). Hax and Meal (1975) introduced the notion of
hierarchical production planning and provide a specific framework for this, whereby there is
an optimization model with each level of the hierarchy. Each optimization model imposes a
constraint on the model at the next level of the hierarchy. Bitran and Tirupati (1993) provide a
comprehensive survey of hierarchical planning methods and models.

The identification of the relevant costs is also an important issue. For production planning, one
typically needs to determine the variable production costs, including setup related costs,
inventory holding costs, and any relevant resource acquisition costs. There might also be costs
associated with imperfect customer service, such as when demand is backordered (Graves,
1999).

The selection of the time period and planning horizon is a must in the production planning

process. The planning literature distinguishes between “big bucket” and “small bucket” time
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periods. A time period is a big bucket if multiple items are typically produced within a time
period; a small bucket is such that at most one item would be produced in the time period. For
big bucket models, one has to worry about how to schedule or sequence the production runs
assigned to any time period. The choice of planning horizon is dictated by the lead times to
enact production and resource-related decisions, as well as the quality of knowledge about
future demand (Graves, 1999).

Planning is typically done in a rolling horizon fashion. A plan is created for the planning
horizon, but only the decisions in the first few periods are implemented before a revised plan
is issued. Indeed, as noted above, the plan must be periodically revised due to the uncertainties
in the demand forecasts and production. For instance a firm might plan for the next 26 weeks,
but then revise this once a month to incorporate new information on demand and production
(Graves, 1999).

Production planning is usually done at an aggregate level, for both products and resources.
Distinct but similar products are combined into aggregate product families that can be planned
together so as to reduce planning complexity. Similarly production resources, such as distinct
machines or labor pools, are aggregated into an aggregate machine or labor resource. Care is
required when specifying these aggregates to assure that the resulting aggregate plan can be

reasonably disaggregated into feasible production schedules (Graves, 1999).

2.2.1 Objectives of Production Planning (Hemant, 2007)

e To deliver quality goods in required quantities to the customer in the required delivery
schedule to achieve maximum customer satisfaction and minimum possible cost.
e To ensure maximum utilization of all resources.

e To ensure production of quality products.
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e To minimize the product throughput time or production/ manufacturing cycle time.

e To maintain optimum inventory levels.

e To maintain flexibility in manufacturing operation.

e To co-ordinate between labor and machines and various supporting departments.

e To plan for plant capacities for future requirements.

e To remove bottleneck at all stages of production and to solve problems related to
production.

e To ensure effective cost reduction and cost control.

2.3 Theory of Constraints

An extensive search of the literature was conducted using both hard-copy and Web-based
resources, uncovered many books, journal articles, conference papers and Web articles on
TOC in the 1990s. A list of summaries of these items, together with an overview of the
published literature, trends and issues, is already available (Mabin and Balderstone, 2000).

The most famous book from Goldratt was written together with Jeff Cox: “The Goal”. The
Goal was published in 1984 and it examines the case of a fictional failing American
production plant that turns itself from being close to shut down into the best plant in the
organization by following the principles of TOC. Another book, published in 1986 and written
together with Robert E. Fox called “The Race” goes into more detail about the specific tools
and techniques that are part of the TOC, focusing on the difficulties that are likely to surface in
the implementation process. It also introduces Goldratt’s logistical system for the material
flow called the drum-buffer-rope (DBR) system. A more detailed account on the evolution of

TOC can be found e.g. in Watson et al. (2007).
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The literature search indicates a considerable growth in publications in recent years. In
particular, since the beginning of 1998, we have seen a dramatic increase in the number of
books published on TOC, with more than 20 books including Corbett (1998); Cox and
Spencer (1998); Kendall (1998); Newbold (1998); Scheinkopf (1999); Schragenheim (1999);
Leach (2000); Ptak and Schragenheim (2000); Smith (2000); Lepore and Cohen (1999);
Mabin and Balderstone (2000); Goldratt et al. (2000). This takes the total number of books on
TOC to nearly over 50 since the first release of The Goal (Goldratt and Cox, 1984), indicating
growing recognition of the area.

Publications have appeared in about 60 journals which has featured a single article on TOC,
accounting for about one-sixth of the articles. These “solo” articles appear to have a
significant element of outreach, aiming to introduce TOC to readers in disparate areas. At the
other extreme, a significant number of articles have been concentrated in a few journals,
mostly influential industry journals. For instance, APICS publications have carried more than
90 papers about TOC, and Industry Week has published over 15 articles. Prominent academic
journals, such as the Harvard Business Review, have contributed to the body of literature on
TOC to a lesser — but growing — extent, perhaps paralleling TOC’s inclusion in hundreds of
university courses.

Watson et al. (2007) studied the evolution of TOC in their article, where they reviewed over
400 books, dissertations, academic articles, magazine articles, conference proceedings, reports
etc. They reported that over half of them had been written since 1998, so the theory has clearly
generated more interest as time has passed, suggesting that the philosophy and core concepts
are sound.

The theory of constraints (TOC) has been widely known as a management philosophy coined

by Goldratt (1990a) that aims to initiate and implement breakthrough improvement through
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focusing on a constraint that prevents a system from achieving a higher level of performance.
Theory of constraints has a wide range of implementation scale; it can be applied in
production, logistics, supply chain, distribution, project management, accounting, research and
development, sales and marketing and so on. The TOC paradigm essentially states that every
firm must have at least one constraint. Goldratt and Cox (1992) define a constraint as any
element or factor that limits the system from doing more of what it was designed to
accomplish (i.e., achieving its goal).

The fundamental goal of most business entities is to make money now and in the future. The
TOC thus encourages managers to identify what is preventing them from moving towards
their goals - as well as necessary conditions - and find solutions to overcome these limitations.
The TOC comprises a set of three separate but interrelated areas — namely, operations strategy,
performance measurement, and logical thinking (Cox and Spencer, 1998; Simatupang et al.,
1997). The TOC applications to operations strategy include the drum-buffer-rope scheduling
method, buffer management, and the VAT analysis. Measurements are required to determine
whether or not the system is accomplishing its goal of making money. Performance
measurement includes operating measures (i.e., throughput, inventory, operating expenses)
and local performance measures (i.e., throughput dollar- days and inventory-dollar-days).
Logical thinking comprises the five step focusing process and the thinking processes.

The TOC solutions initially attempted to resolve core problems in production systems using
methods such as the drum-buffer-rope scheduling, constraint-focused performance
measurement, and buffer management (Goldratt and Cox, 1992). Further development of the
TOC incorporates solutions for marketing and sales (Goldratt, 1994), project management
(Goldratt, 1997), and supply chain management (Goldratt et al., 2000). Blackstone (2001)

provides an exhaustive review of the latest developments of the TOC applications.
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Over the past decades the development of the TOC and accounts of its application have
burgeoned with the publication of a considerable number of articles, proceedings, and books
based on the TOC approach (Mabin and Balderstone, 1999). Rahman (1998) reviews the TOC
approach on manufacturing firms. Siha (1999) applies the TOC approach to addressing
problems in different types of service organizations. Beyond business firms, Klein and
Debruine (1995) and Dettmer (1998) used the TOC thinking processes to identify core
problems in public policies. Womack and Flowers (1999) applied the TOC approach to the
healthcare system to improve its performance.

Literature on TOC supply chain solutions deals mainly with managing the supply chain from a
single enterprise perspective (Cox and Spencer, 1998; Jackson and Low, 1993). Umble et al.
(2001), for instance, described how a manufacturing firm applied the TOC approach to direct
the implementation of enterprise resource planning (ERP).

Gupta (1997) also recognizes that the TOC approach can be used to guide a single firm to
concentrate on exploiting resources based on different logistics cost along the supply chain.
Little attention has been given, within the literature, to the application of the TOC concepts to
the management of supply chains where collaboration must be fostered between independent
firms. Covington (1996) applied the TOC thinking process to identify problems in the apparel
supply chain and describes the bringing together of managers from different firms to cooperate
in improving the overall supply chain profit. Stein (1997) proposed a conceptual model of
locating the time buffer at different positions of participating members to protect actual sales
from demand and supply uncertainty. Goldratt et al. (2000) conceptualized performance

measures to maintain trust amongst the participating members.
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Additional articles and papers mentioned the TOC and applied it in various sectors such as
(Simatupang, Wright, & Sridharan, 2004), (Golmohammadi & Ghazanfari, 2009), (Ukey &
Sawaitul, 2014) and (Zivaljevic, 2015).

TOC needs more case studies that prove a connection between implementation and improved
financial performance. Nave (2002) argues that TOC does not take employees into account
and fails to empower them in the production process. This research being reviewed follows up
the previous researches through clarifying how participating members can benefit from
applying the TOC to their production planning process and devising strategies to improve the

firm’s performance as a whole.

2.3.1 Success Stories

2.3.1.1 Casel

A paper was made by Steven J. Balderstone and Victoria J. Mabin (2003) that briefly outline
the background of TOC and then reported a survey of published applications and the findings.
This survey had been made to collect quantitative data on the application of TOC to a sample
of 81 cases from different companies, were no failures or disappointing results were reported.
The types of organizations covered by these cases varied from giant multi-national
corporations and industry leaders like Boeing and GM, to military organizations like the US
Air Force, to small town bakeries. Some substantial improvements in operational variables as
well as financial variables were reported. The measures used are essentially measuring the
same effect: e.g. Lead-time, Cycle Time and Due Date performance all measure the
company’s ability to respond speedily to customer orders. The results of the analysis of
reported changes in operational and financial performance, resulting from the application of

TOC, are summarized by Mabin & Balderstone below:
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Lead-Times: Mean Reduction 69%

A mean reduction in lead-time of 69% emerged from the sample of thirty-two observations, all
of which reported reductions. Over three quarters of the sample experienced reductions in
lead-time greater than 50%

Cycle-Times: Mean Reduction 66%

In every case where changes in cycle-time were reported, the reports showed a decrease, or
improvement in cycle-time. Fourteen observations made up the sample for change in cycle-
times.

Due-Date-Performance: Mean Improvement 60%

Improving due-date-performance is synonymous with meeting delivery promises to customers.
A mean improvement of 60% emerged from the sample. Twelve observations made up the
sample for change in due-date-performance. Several organizations experienced improvements
of over 100%.

Inventory Levels: Mean Reduction 50%

Reducing inventory is associated with reducing lead-times in a DBR system. A mean
inventory reduction of 50% resulted from the sample of 28 observations.

Lead-Time and Inventory Reduction: Correlation 0.77

Goldratt and Fox (1986) claimed that when DBR is applied to a manufacturing system, the
reduction in lead-time is strongly correlated with the reduction of inventory level. This
research verified the claims of Goldratt and Fox, as shown by a 0.77 Spearman’s Rank
Correlation. This analysis was conducted on a sample of thirteen observations where

organizations provided data on changes to both lead-times and inventory levels.
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Revenue / Throughput: Mean Increase 68% (outlier exclusive)

This variable represents the amount of money coming into the organization. All reports
represented increases in revenue or throughput. The impressive mean increase of 68%
excludes one outlier, a 600% increase at Lucent Technologies achieved within one year. Five
organizations, from the sample of eighteen, reported increases in revenues in excess of 100%,
within one financial year.

Combined Financial VVariable: Mean Increase 82%

A sample of twenty-five observations for the combine revenue / throughput / profit variable
revealed a mean increase of 82%, excluding the 600% increase at Lucent Technologies.

So what is concluded that on average, inventories were reduced by 50%, production times
(measured by lead-times, cycle times or due date performance) improved by over 60%, and
financial measures improved by over 80%. In addition, inventory reductions were
accompanied by lead-time reductions. Based on this survey of published applications, TOC
appears to work very well, even with only partial application of methodology. TOC is not a
panacea, not a recipe, but is a philosophy that helps lead to success.

One of the best reported cases, according to the authors, is a case study by Andrews and
Becker (1992), who describe the way the Alkco Lighting Company implemented the TOC
philosophy. Among other findings, Andrews and Becker (1992) report that the company
increased their sales volume by 20%, profit before tax by 42% and ROA by 39% by applying
Goldratt’s methods.

2.3.1.2 Case 2

Several examples of the successful application of the theory of constraints to both commercial
and not-for-profit organizations and sectors attest to its effectiveness. A review made by

Sanjika (2010) indicates that the theory of constraints is effective in improving the
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performance of systems, regardless of their complexity. The South African sugar industry
needs to minimize its production cost when it is competing with world-leading low-cost sugar
producing countries. An opportunity exists for the South African sugar industry to
significantly reduce its production costs by improving the efficiency of its sugarcane supply
chains, especially at the mill area level. However, the complexity of sugarcane supply chain
systems requires that only those techniques capable of accommodating systems’ complexity
issues should be used for improving their efficiency, if at all any success can be achieved.
Such techniques must possess the capability to (1) capture, study and analyze the complexity
in the sugarcane supply chains, (2) identify core problem areas that need improvement, (3)
develop solutions that address the core problems, and (4) develop management strategies for
implementing the developed solutions. The theory of constraints has thus been extensively
reviewed to assess its effectiveness for improving the performance of complex production
systems and to investigate the possibility of applying some of its approaches for improving the
performance of South African sugarcane supply chains.

It is nonetheless concluded that many of the fundamental approaches of the theory of
constraints can successfully be used, albeit its limitations, for improving the performance of
South Africa’s sugarcane supply chains. However, the limitations need to be addressed in
order for the theory of constraints to bring about the greatest positive impact on the
performance of South Africa’s sugarcane supply chains.

2.3.1.3 Case 3

A case unit in a previous research made by a group of researchers Liberlato, Lacerda,
Rodrigues and Veit (2013) was facing problems in its productive process that resulted in a
non-reliable, inflexible, unpredictable and slow production cycle, having elevated stocks and

delivery delays as a consequence. Thus, the objective of that research paper was to analyze the
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productive process of this company and propose an improvement plan. The study had
presented improvements that made the reduction of the total lead time possible, as well as a
more reliable and predictable productive process in terms of delivery, having a reduction of
the stock in process as a consequence. Therefore, the suggested improvements — although not
intended to resolve all the production problems of the company or to implement a complete
production model proposed by the TPS or the TOC — represent small steps toward a mentality
for lean process improvement. From the analyzed organization point-of-view, the approach
has proved to be sufficient for the creation of a consensus of the problems to be resolved. In
this way, it has been possible to concentrate the improvement efforts to the topics that will
potentiate the elimination of the observed undesired effects.

In theoretical terms, that paper had contributed by illustrating a combination of the VSM and
the TP-TOC. On the one hand, VSM contributes for the structuring of the productive process
and for the identification of losses that occur in its implementation. Another important aspect
is the representation of the information flow that mobilizes the productive process in order to
implement its objectives. On the other hand, the TP-TOC contributes for the analysis of this
productive process in various aspects. First, the collective elaboration of the CRT allowed the
construction of a common vision of the associated problems in the analyzed productive
process. Second, the construction of effect-cause-effect relationships allowed a wide
understanding of the perceived problems. Third, starting from the identification and
measurement of wastes through the VSM, it has been possible to comprehend which are the
basic causes that sustained the problems. In this way, if VSM was used in an isolated way, the
real causes that sustained the wastes would not have been revealed.

In order to highlight the results and implications of that research some points have to be

considered which are relevant in that work. The first point deals with the convergence
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structure of CRT. According to Cox and Schleier (2010), there are innumerous actions in the
system that will contribute for the improvement of its performance; however, there is not
enough time, money or available resources to implement all these actions. Furthermore, for
Cox and Schleier (2010), this vision was broken by Pareto with his 80-20 rule in which he
proved that 20 percent of the elements contribute for 80 percent of incidences. In this way, as
not all action can be implemented, it is important to have focus.

It is important to note that the Pareto rule is only correct when there is no interdependence and
variability among the elements of the system. In organizations there are innumerous
interdependent and variable relations among elements however, only a small part of these
elements define their functioning: the restrictions. Using Pareto’s vocabulary (Goldratt,
1990b) and Cox and Schleier (2010) affirm that in organizations, 0.1 percent of the elements
dictate 99.9 percent of the results.

It is within this context that the usage of the CRT presents itself as a useful instrument for
focus. Mapping a long value chain can result in focus loss. CRT has the power to evidence the
political or managerial restrictions that other traditional improvement instruments would not
identify following Goldratt’s 0.1-99.9 rule. The use of CRT without VSM would allow for the
definition of a supreme undesired effect not necessarily supported by facts and data without a
more accurate analysis of the intensity of the problem. The construction process of the CRT
has created knowledge in the group and contributed for prioritizing (focusing) and formulating
the action plan. It is interesting to notice that these aspects were not encountered in similar
work.

From VSM’s side, it offered the necessary basis for a systematic analysis of the process. This
systematic methodology of structuring the productive process allowed the identification of the

wastes to be dealt with recognized by CRT. Besides that, the measured wastes contributed for
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bringing to the surface and sustaining the undesired effects beyond individual perceptions. In
this way, the combined use of the VSM and the TP-TOC seems promising

That research represented an attempt to produce knowledge (Mode 2) as presented by
Gibbons et al. (1994). Another possibility the research offers is the evaluation of the results of
the joint application of the Thinking Process of the TOC along with other approaches. This
kind of research contributed for the improvement of the understanding of the benefits and
limitations of its use. Thereby, a research to apply the process of focusing the TOC on the
design of the VSM future state map seems relevant.

The concluded results of that research are larger easiness to plan and control operations that
helps to rapidly and reliably plan the whole flow in accordance with the mix of defined
products. Having stock replenishment limited by the kanban, the purchase of materials should
occur when it is really necessary and not as a result of a projected sale anymore. This brings a
sense of reliability in the materials area for implementing the purchasing orders along with
reducing the stock levels. This reduction contributes for the effective distribution of the
resources spent, including the reduction of the occupied area (storage), stocking costs, urgent
costs allocation requests, cargo reception costs and other expenses such as insurance. The
elimination of cross flow, reducing the distance to go through, minimizes the transfer and the
waiting time of sequentially dependent operations.

2.3.1.4 Case4

The objective of this case study made by Pegels and Watrous (2004) was to utilize the TOC
management principles to improve the performance of the manufacturing facility. TOC is a
continuous improvement process wherein a manufacturing system is viewed as a chain, and
the objective of the process is to continually strengthen the chain by identifying and

strengthening the weakest link.
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The first step was to identify the system’s constraint. This required very little effort, as it was
quite clear from the beginning of the study that the limiting factor in the production sequence
was completing the large number of injection molding set-ups in a timely manner. Due to the
high number of relatively small orders that the plant was receiving, the production mechanics
(PMs) could not complete molding set-ups at a fast enough rate, resulting in molding machine
down time and a shortage of components to downstream processes. The net result of not
having these components available for secondary processes was that orders were not being
completed by their scheduled due date.

The next step for the TOC implementation process was to exploit the system’s constraint and
to subordinate all of the other manufacturing processes to the limitations of the constraint.
This was accomplished by modifying the production manager’s previous method of
prioritizing molding set-ups. This method was modified by calculating a due date for each
order. Therefore, the priority of molding set-ups was determined by how soon the molded
components were really needed for downstream processes.

The third step in the TOC process was to find a way to complete molding changeovers at a
faster rate using the same number of PMs. Due to the required training time and cyclical
nature of the business, it did not make sense to hire additional PMs because when the rate of
incoming orders slowed down the plant would have excess capacity in this area. However, the
following action items were implemented and/or expanded in efforts to increase the PM’s
capacity to complete molding changeovers:

e PMs will continue to work overtime during busy periods;
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e A mold storage database was developed to reduce the time required to locate injection
molds in the plant: this allows mold transportation responsibility to be transferred to
the shipping department;

e Some of the required tasks of the PMs were transferred to other departments, allowing
the PMs to focus more of their time on molding set-ups; and

e The use of water manifolds on injection molds was expanded: the goal is to have
manifolds on all active molds within the next 12 months.

The final step of the TOC implementation process was to determine whether the system’s
constraints had been broken. Due to the implementation of the action items listed above, the
constraint was in fact broken. Molding set-ups no longer limit throughput within the plant.

The improvements have resulted in a 26 percent decrease in the amount of time that is
required for a PM to complete a mold change. The overall result is that the constraint that

hampered efficiency and productivity at the plant has been eliminated.

2.4 Literature Summary

As previewed above, the TOC acts preventively and effectively, by controlling the effects and
eliminating the causes of constraints, without affecting the flow, by using the existing capacity
to supply the demand. It focuses the firms’ attention on their problems, because it considers
bottleneck resources as being worthy of special attention and since, in general, there are few
bottlenecks, firms are encouraged not to waste their efforts, but rather to concentrate on
solving the problems that may jeopardize the performance of these bottleneck resources,
which in turn jeopardize the operating result of the business as a whole. It could be said that

this theory is compatible with any type of firm and market, because it manages the bottlenecks
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and cushions that affect the production flow, subordinating all the other activities to the
constraint and ensuring an increase in value added.

TOC is especially useful for helping firms to reduce their lead times and stock levels as
mentioned in the first case above, which reports reductions in the lead times of the processes
of the orders of 30% to 45% in different firms, in relation to their stocks, decreases of between
50 to 75%, and an increase in the throughput amount. This system also results in greater
flexibility of the production system through an optimization of the manufacturing mix.

Case two showed that the TOC also helps in developing and improving the complex systems
not only the small and simple ones, assisting them in competing with other parties, applying
this on the South African sugar industry.

The third case has brightened up the combination of the value stream mapping and the TOC.
By illustrating the contribution of VSM in structuring the productive process, identifying the
losses occurred in the real implementation of this process and measuring the wastes through it,
this has shown the importance and the useful use of the VSM to comprehend the basic causes
that sustained the problem and then eliminate this problem using the TOC. According to what
has been stated in that research, the VSM is being used as a tool to focus on the constraint in
the step of identifying this constraint within the five focusing steps of the TOC. This will
explain adding the exposition of VSM in the body of knowledge chapter and the use of it in
the case study in chapter four.

The last case being previewed in the success stories for using the TOC reflects the application
of the five focusing steps to break the constraint in a manufacturing process which has been
founded in the molding set-ups stage, leading to increasing the throughput of that stage,
decreasing the lead time required to complete the mold change, and at last successes in

eliminating that constraint. One of the important results that have been concluded in that study
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IS the issue of prioritizing orders in the subordinate step that is made within the five focusing
steps of the theory. As this support what ABB has made in its project presented in the case
study in chapter four to apply the theory and eliminate the constraint facing it.

The next chapter explains some of the definitions and terminologies that are used by the
company in the case study presented in chapter four, as well as the theory of constraints and

all its details.
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Chapter Three
Body of Knowledge
“Theory Of Constraints”




3.1 Introduction

The TOC methodology which the research is talking all about comprises three main streams
that can be considered as operations strategy tools, performance measurement systems, and
thinking process (TP) tools (Cox and Spencer, 1998). TOC encompassed a systematic
approach to organizational problem solving in the form of “5 focusing steps,” first providing a
means of identifying the constraining factors preventing a company from achieving its goal
through to “breaking” the constraints and repeating the process of improvement. There are
different ways in order to identify the constraint; one of these tools used in the case study by
ABB is the value stream mapping. That map out all end-to-end linked actions, processes, and
functions necessary for transforming inputs to outputs to identify and eliminate wastes and
constraints. In much the same way as the “5 focusing steps” that focus on identifying and
managing the constraints and improving performance, the TPs also focus on factors that are
currently preventing a system from achieving its goals. The TPs first identify problematic
symptoms which provide evidence that the system is not performing as well as desired. These
various TP tools are then used to deduce the causes of those symptoms, what needs to be done

to correct those causes, and how such corrective actions could be implemented.

The first choice typically faced in process management is that of process choice.
Manufacturing operations can be characterized as a project, job shop, batch flow, line flow or
a continuous flow processes. Identifying the process type is also linked with the working
system that is worked by in the firm and the volume of output being manufactured, so
determining whether the company is releasing products based on the forecast made (push
system) or the customer demand (pull system) or mix between both is important and

considered to be an essential step. The nature of the job shop process will be summarized at
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the end of the chapter, as this type specifically reflects the type of process used by ABB
Company in the case study in the next chapter, as well as the pull system and kanban worked

by in ABB.

3.2 The Theory of Constraints

This part of the chapter explains the history and the background of the TOC including the
benefits from using it, its pros and cons, in addition to the explanation of a constraint,
performance measures, the five focusing steps, the drum buffer rope as well as the thinking

process tools.

3.2.1 TOC Overview

The theory of constraints had a humble beginning when, in the late 1970°s, a neighbor of
Eliyahu Goldratt, asked him for assistance in creating a scheduling program to increase the
output of his chicken coop factory. The resulting software package, known as “Optimized
Production Timetables” (OPT) scheduling software was the first practical application of TOC.
From this simple scheduling software TOC has evolved into a set of management tools
encompassing production, logistics, and problem solving and thinking tools (Watson,

Blackstone and Gardiner 2007).

Dr. Eliyahu Goldratt then conceived the theory of constraints (TOC), and introduced it to a
wide audience through his bestselling 1984 novel, “The Goal” that is geared to help
organizations continually achieve their goals. Since then, TOC has continued to evolve and
develop, and today it is a significant factor within the world of management best practices.
Goldratt has documented his conceptual framework, ideas, and illustrated their applications

through several books.
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The theory of constraints (TOC), conceptualized as a philosophy of continuous improvement,
has evolved and expanded its methodological base over time. It is based on the concept that a
chain always has one weakest link. Similarly, in any complex system, at any point in time,
there is most often only one aspect of that system that limits its ability and stands in the way of
achieving a goal and then systematically improving that constraint until it is no longer the
limiting factor. The same is true for an organization. Thus, for any organization to attain
significant improvement the constraint must be identified and the whole system must be
managed to keep that constraint in mind. This methodology has been used as a guideline for
the application of TOC to various areas within the organization including production,
distribution, project scheduling and control. The theory of constraints takes a scientific
approach to improvement. It hypothesizes that every complex system, including
manufacturing processes, consists of multiple linked activities, one of which acts as a

constraint upon the entire system (i.e. the constraint activity is the “weakest link in the chain™).

As a systemic management philosophy, TOC is based on three interrelated premises
(Schragenheim and Dettmer, 2001):
e Every system has a goal and a set of necessary conditions that must be satisfied if its
goal is to be achieved,;
e The overall system’s performance is more than just the sum of its component
performances; and
e Very few factors or constraints, often only one, limit a system’s performance at any
given.
One of the appealing characteristics of the theory of constraints is that it inherently prioritizes

improvement activities and the top priority is always the current constraint. In environments
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where there is an urgent need to improve, TOC offers a highly focused methodology for
creating rapid improvement. For this reason, TOC can be thought of as a continuous
improvement process, because no matter how well an organization performs; there will always
be at least one constraint that limits the organization from becoming a little better. It is applied
to logically and systematically answer these three questions essential to any process of
ongoing improvement:

e “What to change?”

e “What to change t0?”

e “How to cause the change?”
TOC as a management philosophy can be viewed as three separate but interrelated areas:
operations strategy, performance measurement, and logical thinking. Operations strategies
include drum-buffer-rope scheduling, buffer management, and VAT analysis and the five
focusing steps. Performance measurement includes throughput, inventory and operating
expense. Thinking process tools are important in identifying the root problem (current reality
tree), identifying and expanding win-win solutions (evaporating cloud and future reality tree),
and developing implementation plan; (prerequisite tree and transition tree). (APICS
Dictionary, James F. Cox Il and John H. Blackstone Jr., Editors, 9th edition, Falls
Church,VA, 1998)

A successful theory of constraints implementation will have the following benefits:

e Increased profit (the primary goal of TOC for most companies)
e Fast improvement (a result of focusing all attention on one critical area — the system

constraint)
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Improved capacity and increased throughput (optimizing the constraint enables more
product to be manufactured)

Reduced lead times (optimizing the constraint results in smoother and faster product
flow)

Reduced inventory (eliminating bottlenecks means there will be less work-in-process).

Reduced operating expenses.

After presenting the theory in the previous part, some points are concluded as the main pros

and cons of applying TOC:

Pros:

Cons:

Potential for tremendous increases in productivity with minimal changes to operations.
Most powerful and cost effective tool for increasing production capacity.

Very simple to communicate and apply, making it ideal for shop floor teams.

Great for fostering teamwork, as different areas become aware of the constraint and
there is a need to work together to assist the constraint process.

Great process for kick starting improvement efforts, as it provides immediate and very
tangible benefits.

Allows growth of turnover/productivity without the need for additional space or staff.
Provides a mean to evaluate the true value of changes (using T, O, 1), utilize this to

select the best options, and drive the right behavior/decisions.

Can be difficult to apply if the constraint process is constantly moving (for example if
the nature of the work sees dramatically different and difficult to predict demands on

various production resources).
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e Can be difficult to apply in a jobbing environment (however it is still very applicable).
3.2.2 Constraint

As the constraint is mentioned in the theory as the preventative in front of the company’s
performance efficiency, it has been significant to define the constraint. A constraint is
anything that prevents the system from achieving its goal. In manufacturing processes,
constraints are often referred to as bottlenecks. Constraints or bottlenecks are processes that
limit throughput and the firm's revenue. There are many ways that constraints can show up,
but a core principle within TOC is that there are not tens or hundreds of constraints, there is at
least one but at most only a few in any given system. Umble and Srikanth list plant capacity,
market, availability of materials, logistics, management policies and work force behaviors as
examples of constraints that can limit revenue. Those work centers or workstations within the
firm that have the least capacity relative to the demand placed on them are the constraints
(assuming that demand exceeds capacity). A work center or machine with excess capacity is a
non-constraint work center or machine (Gardiner and Blackstone, 1991), capacity of a non-
constraining resource cannot be used to contribute to throughput. Additionally, the actual cost
of a bottleneck is the total expense of the system divided by the time the bottleneck produces.
So the cost of an idle bottleneck per hour is actually the cost of the entire system per hour
(Goldratt and Cox, 1992).

Constraints can be internal or external to the system. An internal constraint is in evidence
when the market demands more from the system than it can deliver. If this is the case, then the
focus of the organization should be on discovering that constraint, following the five focusing
steps to open it up and potentially remove it. An external constraint exists when the system

can produce more than the market will bear. If this is the case, then the organization should
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focus on mechanisms to create more demand for its products or services. There are different
opinions on how to best categorize constraints; a common approach is shown in table 3.1

Table 3.1: Constraints Categorization

Physical  Typically equipment, but can also be other tangible items, such as material

shortages, lack of people, or lack of space. (Internal constraint)

Policy Required or recommended ways of working. May be informal (e.g. described to
new employees as “how things are done here”). Examples include company
procedures (e.g. how lot sizes are calculated, bonus plans, overtime policy),
union contracts (e.g. a contract that prohibits cross-training), or government

regulations (e.g. mandated breaks). (Internal constraint)

Paradigm Deeply engrained beliefs or habits. For example, the belief that “we must always
keep our equipment running to lower the manufacturing cost per piece”. A close

relative of the policy constraint. (Internal constraint)

Market Occurs when production capacity exceeds sales (the external marketplace is
constraining throughput). If there is an effective ongoing application of the
theory of constraints, eventually the constraint is likely to move to the

marketplace. (External constraint)

Source: www.leanproduction.com

The concept of the constraint in theory of constraints is analogous to but differs from
the constraint that shows up in mathematical optimization. In TOC, the constraint is used as a

focusing mechanism for management of the system.
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To be noted that; organizations that have many problems with equipment, people, policies,
etc.; a breakdown is just that — a breakdown — and is not a constraint in the true sense of the
TOC concept. The constraint is the thing that is preventing the organization from getting more

throughputs typically, revenue through sales even when nothing goes wrong.
3.2.2.1 Breaking a Constraint

If a constraint's throughput capacity is elevated to the point where it is no longer the system's
limiting factor, this is said to "break" the constraint. If the limiting factor is now some other
part of the system, or may be external to the system (an external constraint), this is not to be

confused with a breakdown.

3.2.3 Core Performance Measures

Goldratt proposes a new way to measure system performance in meeting the firm's goal of
making money now and in the future. The underlying premise of theory of constraints is that
organizations and the process of ongoing improvement can be measured and controlled by
variations on three measures: throughput, operational expense, and inventory (Goldratt and

Cox, 1992).

Throughput is the rate at which the system generates money through sales. Inventory is all the
money that the system has invested in purchasing things which it intends to sell. Operational
expense is all the money the system spends in order to turn inventory into throughput. These

definitions are tabularized below in table 3.2

The above definitions are precisely worded. Throughput does not include finished goods
inventory, there is no money generated by making a product that is not sold. Also, inventory

does include the purchase of a building or capital investment since the firm does eventually
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intend to sell or amortize these things. Operating expense includes items that traditional
accounting practice disregards, such as salaries. In this way a true global picture of the system
performance can be derived, there will be nothing hidden from the bottom line (Goldratt and

Cox, 1992).

A positive impact on throughput means that throughput increases, while a positive impact on
inventory and operational expense means that these measurements decrease. TOC proposes
that these "global measurements” be adopted at each organizational level by managers
responsible for any decision that relates to the design, planning and scheduling of shop floor
operations, production and/or distribution, including information systems (Weston, 1991).

Table 3.2: Definitions of Core Performance Measures

Throughput  The rate at which customer sales are generated less truly variable costs

typically raw materials, sales commissions, and freight. Labor is not

considered a truly variable cost unless pay is 100% tied to pieces produced.

Investment Money that is tied up in physical things: product inventory, machinery and

equipment, real estate, etc. Formerly referred to in TOC as Inventory.

Operating Money spent to create throughput, other than truly variable costs e.g. payroll,

Expense utilities, taxes, etc. The cost of maintaining a given level of capacity.

Source: www.leanproduction.com

Before the goal itself can be reached, necessary conditions must first be met. These typically

include safety, quality, legal obligations, etc. For most businesses, the goal itself is to make
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money; however, for many organizations and non-profit businesses, making money is a
necessary condition for pursuing the goal. Whether it is the goal or a necessary condition,
understanding how to make sound financial decisions based on throughput, inventory, and

operating expense is a critical requirement.

3.2.4 Five Focusing Steps

The Theory of constraints advocates a continuous improvement process that enables
companies to focus on the bottlenecks of the manufacturing process. The measurements are
meant to observe, whether the company is on the right path, while the core of the improvement
process that TOC suggests comes from five basic steps. The five focusing steps were
developed to assure that management directs its attention to what is really important to
successful system performance, namely, improve the performance of the system constraint. It
guides firms through a process of continuous improvement and is suggested by Goldratt and
Cox (1992). The steps are generic in that they can be applied to any system, including service
businesses. In some respects, this sequence of steps is similar to the Deming (or Shewhart)
Plan-Do-Check/Study-Act Cycle (Deming, 1986) in that they represent an iterative approach
to managing continuous improvement (see figure 3.1). However, compared to the popular
approaches for continuous improvement such as total quality management (TQM), Toyota
production system (TPS), lean thinking, and six sigma; the TOC five-step focusing process is

more single-minded in its application.
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Figure 3.1: Flowchart for Five-Focusing Process of Ongoing System Improvement
Source: TM Sanjika (2010)
For example, TQM and TPS seek to improve quality and productivity at any and every
workstation in a process or subsystem in a system. Moreover, lean thinking and six sigma
focus on cost reduction through the elimination of waste and reduction of variability at any

and every point in a process or component of a system. In contrast, the five-step focusing
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process concentrates its improvement efforts only on the operation that is constraining a
critical process or on the weakest component that is limiting the performance of the system as
a whole. If a system is organized and managed effectively with all work-performing and
support processes aligned with its overall goal, then it stands to reason that using the five-step
focusing process will always have a direct impact on the overall performance of the system.
Thus instead of improving quality and productivity at various locations throughout the entire
system or reducing waste and variation anywhere and everywhere within a process, the TOC
five-step process is myopic in its focus on improving goal achievement for the total system.
The five focusing steps seek to:

e Identify the system’s constraint

e Decide how to exploit the system’s constraint

e Subordinate everything else to the decisions made in step two

e Elevate the system’s constraint

e Return to stepl but prevent inertia from

being the next constraint
Identify the
With this managerial framework, a real process of E—

continuous improvement can be applied to any

Repeatthe Exploit the

process constraint

process but, of course, the process we should be

most interested in is that of making money. All

Subordinate and
synchronize to
the constraint

» . . Elevat
the steps are critical but without Step five, there perf;r:::cmf

the constraint

would be no continuous improvement.
Figure 3.2: Five Focusing Steps

Source: www.leanproduction.com

45


http://www.leanproduction.com/

The Five Focusing Steps and their objectives are described briefly in table 3.3:

Table 3.3: Objectives of the Five Focusing Steps

Identify Identify the current constraint (the single part of the process that limits the rate

at which the goal is achieved).

Exploit Make quick improvements to the throughput of the constraint using existing

resources (i.e. make the most of what you have).

Subordinate Review all other activities in the process to ensure that they are aligned with

and truly support the needs of the constraint.

Elevate If the constraint still exists (i.e. it has not moved), consider what further actions
can be taken to eliminate it from being the constraint. Normally, actions are
continued at this step until the constraint has been “broken” (until it has moved

somewhere else). In some cases, capital investment may be required.

Repeat The Five Focusing Steps are a continuous improvement cycle. Therefore, once a
constraint is resolved the next constraint should immediately be addressed. This
step is a reminder to never become complacent — aggressively improve the

current constrains, and then immediately moves on to the next constraint.

Source: www.leanproduction.com

The following part is explaining deeply each step in the five focusing steps.

46


http://www.leanproduction.com/

3.2.4.1 Identify the Constraint

The first step is to determine the system’s constraint. In particular, this means identifying the
system resource that is preventing an increase in the performance of the system relative to its
goal. While occasionally there may be two constraints acting concurrently, usually there is
only a single restriction or limiting factor. Step 1 means that not only should one analyze and
define all existing bottlenecks, one should also rank the bottlenecks according to their
importance, i.e. their effect on the “goal” - increase throughput while reducing operational
expenses and inventory. One approach to determine the constraint is to answer the question:
“What, if only the system had more of, would enable it to increase its rate of goal attainment?”
(scheinkopf, 1999, p. 17). Designing and implementing strategies and tactics to overcome
these limitations is the key to improve system performance. There are three basic methods for
finding constraints// hereby:

e Data Collection Method

e Plant Type Method

e Manual Method
The clarification of these methods is founded hereby:

e Data Collection Method

The basic idea behind the Data Collection Method is to use the company's existing
management information system to find indications of demand exceeding a resource's
capacity. A similar method is also called a "Capacity Resource Profile" by Chase and
Aquilano, 1989.

In general however, a constrained resource may be said to exist if market demand is equal to

or greater than the resource capacity. In the data collection method total market demand is
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calculated and compared to the capacity each resource has available for filling the particular
demand. Current WIP is taken into account in determining resource capacity. To determine
constraints at any given time would be highly dependent on data accuracy and ease of data
manipulation, given a particular shop floor data collection system. (Chase and Aquilano,
1989)

e Plant Type Method

This identification process varies depending on the type of operations employed and the
products being manufactured in a facility. The three basic plant varieties include the
converging A-Plant, the diverging V-Plant and the manufacture- to- forecast, assemble-to-
order T-Plant. Plants that possess attributes of more than one of the three basic varieties are
called combination plants. The various types of plants are illustrated in Figure 3.3 (Fawcett &

Pearson, 1991).

V-Plant A-Plant T-Plant
Many End items Few £rd ltems Many End llems
Fina) Assembiy
;4
Inventory of
Component
Parts
Few Inputs Marry Inputs ~ inputs Vary
Principsl Divergencs Convergencs Manufacture-to-Forecast,
Characteristic: Assembie-io-Order
Number of Often only one Several Varies by plam
Constraints: {0 1o several)
Placememol  Constraint resources Constrairmt resources Constraint Resources,
Buffers: and Shipping Assembly, and Shipping Assembly, and Shipping

Figure 3.3: Alternative Plant Configurations (VAT)

Source: (Fawcett & Pearson, 1991)
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» A-Plant: characterized by a large number of raw materials or component parts that are
transformed into a small number of end items.

» V-Plant: Typically produces many end items from a relatively small number of raw
materials or component parts.

» T-Plant: characterized by a large number of raw materials transformed into a large
number of end items.

e Manual Method

The manual method of identifying constrained resources is by far the cheapest, quickest and,
since it involves workers on the shop floor, it will also encourage more proposals for methods
to reduce the bottlenecks impact. In order to determine where the constraints are located this
method relies on the experience of the workforce, from managers to production controllers to
artisans on the floor. Bottleneck resources are identified through visual inspection of the plant
to determine where the greatest levels of WIP are located. Managers will probably have a
good idea of where they could use more capacity. Production controllers should be queried as
to parts shortages. The parts most frequently in short supply are probably the ones that pass
through a bottleneck (Goldratt and Cox, 1992).

Lastly, for all these methods, once the constraints have been located they should be prioritized

according to their impact on the goal (Goldratt, 1990b).
3.2.4.2 Exploit the Constraint

This step seeks to maximize the operating efficiency of the existing configuration of the
constraining resource within the system. In other words, management must focus on
eliminating all waste or non-productive time and activities at the constraint. Managers exploit

the constraint by making every minute that a constraint is operating, as effective as possible in
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moving the system toward its goal. Exploitation will involve changes in organizational
procedures and policies that are currently used to manage the constraining factor rather than

making changes that involve significant monetary outlays.
3.2.4.3 Subordinate Everything to the Constraint

Here the focus is on managing the non-constraining system elements or resources so that their
behavior is synchronized with and fully supportive to the strategy being utilized in the
management of the constraint. While this step can be stated simply, it is the most difficult of
the focusing process steps to accomplish (Smith, 2000), because it often requires a paradigm
shift in managerial thinking. Frequently it is difficult for various managerial personnel to
accept the realization that their role and domain of responsibility is not as critical to the
successful performance of the system as some other component, namely, the constraint. In
reality, the subordination of non-constraints focuses managerial attention on utilizing their
capabilities to support performance increases in the constraint. For example, in the case of an
internal system constraint, certain resources may now be required to have significant amounts
of idle time in order for the system as a whole to function optimally. As before, usually this
step involves changes in practices or policies and can be implemented without incurring major

increases in expenses (Schragenheim and Dettmer, 2001).
3.2.4.4 Elevate the Constraint

This fourth step is often achieved by simply increasing the capacity of the constraining
resource. Whereas steps 2 and 3 frequently do not involve any out-of-pocket expenditure in
addressing an internal constraint, this step often involves an outlay of capital to acquire and/or
operate additional manpower and/or equipment to enhance the constraint’s capability. Or, in
the case of a lack of market demand, elevation might require special marketing strategies to be
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designed and implemented in order to address factors that limit demand in the marketplace for

the organization’s various product-service bundles.
3.2.45 Prevent Inertia

Unless a deliberate decision is made to keep the constraint at its current location, managerial
action taken in the previous steps will result in a new location for the system constraint. Thus,
it is necessary to return to the first step and identify the new system constraint. Preventing
inertia means examining the new system configuration to assure that the changes implemented
in managing the prior constraint, especially the policy changes instituted during steps 2 and 3,
remain appropriate. When the current constraint is alleviated and a new constraint becomes
active, prior “improvements” may now be dysfunctional relative to the performance of the
newly configured system. If these prior managerial decisions are not scrutinized, then the
possibility exists that they could unintentionally become the new constraint and thus, previous

valid actions would now be limiting the overall performance of the system.

3.2.5 Drum - Buffer - Rope

While speaking about subordinating the system’s elements and resources in the five focusing
steps to best use them and support the strategy being followed to manage and eliminate the
constraint. It is of a great importance to discuss the drum-buffer-rope method used in the
context of the TOC.

Hence the slowest station is referred to as the system constraint which dictates the throughput
rate of the line; the DBR is a methodology, which was developed to synchronize the use of
resources and flow of materials in manufacturing operations and was first introduced in the
book The Goal (Goldratt and Cox, 1984). The “Drum” represents the pace at which the

system constraint operates; Goldratt and Cox describe the throughput rate of the constraint as
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the drum beat of the line. Because the constraint dictates the throughput rate of the line it is
essential that the constraint never goes idle because it is starved of material. “Buffers” are
inventories placed at the system’s control points to protect it from unanticipated variations and
to prevent the constraint from going idle due to lack of material for it to process. It ensures
that brief interruptions and fluctuations in non-constraints do not affect the constraint. An
inventory buffer of a predetermined size is allowed to build in front of the constraint. For an
excellent description of the use of inventory buffers in TOC lines, building the buffer is not
difficult because inventory will naturally collect in front of the slowest station. However, once
the buffer is formed it is essential to restrict the release of material into the system so that
inventory does not continue to grow without bound. To prevent the unlimited growth of
inventory, material should be released at the pace of the constraint. Another form of buffers
represents time; the amount of time (usually measured in hours) that work-in-process should
arrive in advance of being used to ensure steady operation of the protected resource. The more
variation there is in the process the larger the buffers need to be. Finally, the “Rope” provides
communication among the control points to ensure system synchronization. The “rope” is a
signal generated by the constraint indicating that some amount of inventory has been
consumed. In other words, it describes the release of material into the system which is tying a
rope from the constraint to material release. This in turn triggers an identically sized release of
inventory into the process. The role of the rope is to maintain throughput without creating an
accumulation of excess inventory.

In manufacturing operations, DBR is used to protect the system from random disruptions
which could have a negative impact on the system’s throughput rate. When properly
implemented, DBR results in resource synchronization and effective material utilization with

respect to the system’s identified constraint(s).
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3.2.6 Thinking Processes

TPs will be the last topic within the TOC to be illustrated deeply. Managers must continually
assess the performance of their organizations and periodically implement positive changes.
Scoggin et al. (2003) pointed out that successful implementation of positive organizational
changes requires managers to possess the capability to; (1) measure, assess and analyze the
existing situation in line with organizational goals, (2) formulate relevant action plans to
effectively address organizational problems, and (3) successfully manage the implementation
of the formulated action plans.

The theory of constraints approach to change management (Goldratt, 1990) involves finding
answers to three basic questions; (1) what to change, (2) what to change to, and (3) how to
cause the change. Koljonen and Reid (1999) stressed that the answers to these three questions
provide managers with a roadmap on how to successfully implement positive organizational
changes. Thinking Processes (TPs) are set of theory of constraints logic-based tools that guide
managers to find answers to the three change management questions (Rahman, 1998; Mabin,
1999; Fredendall et al., 2002; Mabin and Balderstone, 2003; Scoggin et al., 2003; Kim et al.,
2008).

The Thinking Process tools comprise a suite of five cause-and-effect tree diagrams and an
ancillary tool (see Figure 3.4) that are constructed following strict logic rules to represent

situations (Mabin and Balderstone, 2003; Kim et al., 2008; Inman et al., 2009).
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Figure 3.4: Components of the Theory of Constraints

Source: TM Sanjika (2010)
The tools use either sufficiency or necessity logic to help managers or theory of constraints
users to do the following; (1) identify problematic symptoms; called undesirable effects
(UDEs); which act as indicators of the poor performance of a system relative to its goals, (2)
find the causes of the UDEs, (3) determine what to do to eliminate the causes, (4) ascertain the
impact of interventions designed to eliminate the causes, and (5) map the way forward on how
to manage the change process required to improve the performance of the system (Scoggin et
al., 2003; Kim et al., 2008; Inman et al., 2009). TP tools thus provide a framework for

understanding existing situations in systems, identifying effective strategies to achieve goals

54



and implementing improvements within systems. Mabin (1999) described TP tools as a

roadmap that is used through the process of structuring and identifying problems, developing

solutions to problems, identifying the barriers likely to be encountered while implementing a

solution, and ultimately implementing the solution. Table 3.4 is a summary of the respective

roles of theory of constraints TP tools in change management.

Table 3.4: Change sequence and Theory of Constraints Tools and Managerial Utility

Relationships

(After Scoggin et al., 2003)

Change SEqUEnCe

question

Thinking Process tools

Management purposes

What to change?

What to change to?

How to cause the

change?

[t

[t

[t

_ Evaporating Cloud

. Current Reality Tree

_ Future Reality Tree
. Negative Branch Analysis

. Prerequisiie Tree

. Transition Tree

Establish a basis for understanding system
patterns that currently exist

Identify basic conflicts. core problem(s) or the
drivers for undesirable effects

Provide entity linkages between the core
problem(s) and undesirable effects

WValidate the effectiveness of the proposed
solutions

Identify undesirable side-effects of proposed

solutions and their corrections

Identify obstacles preventing achievement of a
desired course of action

Denote necessary conditions relationships
involved in objective attainment

Provide a step-by-step tactical action plan for
implementation

Communicate action rationales to others

Source: TM Sanjika (2010)
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3.2.6.1 Current Reality Trees (CRT)

Goldratt (1990b) calls an existing condition a reality. The tools he has designed are intended to
be used to analyze and deal with a system condition, or reality, with which the TOC
practitioner is unhappy. Dettmer (1997) defines a Current Reality Tree as a logical structure
which has been designed to depict that state of reality as it currently exists in a given system.
The CRT represents the most probable chain of cause and effect; given a specific; fixed set of
circumstances. It is constructed from top-down: from observed undesirable effects, postulating
likely causes for those effects, which are then tested via the CLR. One such test is to predict
and check for other effects that would also arise if this cause did exist - hence the term Effect-
Cause-Effect.

Dettmer (1997) states that the CRT is designed to achieve the following objectives:

e Provide the basis for understanding complex systems

Identify undesirable effects (UDES) exhibited by a system

e Relate UDEs through a logical chain of cause and effect to root causes

e ldentify, where possible, a core problem that eventually produces 70% or more of the
system’s UDEs

e Determine at what points the root causes and/or core problem lie beyond one's span of
control or sphere of influence

e |Isolate those few causative factors (constraints) that must be addressed in order to
realize the maximum improvement of the system

e ldentify the one simplest change to make that will have the greatest positive impact on

the system
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Dettmer describes the CRT as functional rather than organizational and as such is blind to
internal and external system boundaries.

CRT's may also include positive feedback loops; generally there will be at least one feedback
loop which constitutes a vicious cycle. The existence of a loop usually opens up more
possibilities for the sitting of remedial action; a change in or below a loop will have a

significant effect.
3.2.6.2 Evaporating Clouds (EC)

Once TOC practitioners have identified what to change, the second step in the process deals
with the search for a plausible solution to the root cause; that is, what to change to. This task is
accomplished with the aid of the Evaporating Cloud (EC) and the Future Reality Tree (FRT).
Unlike the trees, the EC has a set format with 5 boxes. The practitioner identifies two
opposing wants, that represent the conflict, the need that each want is trying to satisfy, and a
common objective or goal that both needs are trying to fulfill. Then the practitioner surfaces
the assumptions that underlie the connections between objectives and needs, needs and wants,
and in the process, uncover the reasons for the conflict that exists in their reality and prevents
them from achieving the desired objective. This direct conflict is often the same as that
underlying the CRT. Goldratt (1990b) states that traditionally in resolving these conflicts,
managers have sought compromise solutions. He says that his approach lends itself most often
to resolve the conflict altogether without resorting to compromise. The EC is intended to
achieve the following purposes:

e Confirm that the conflict exists

o Identify the conflict perpetuating a major problem

e Resolve conflict
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e Avoid compromise

e Create solutions in which both sides win

e Create new ‘breakthrough’ solutions to problems

e Explain in depth why a problem exists

e ldentify all assumptions underlying problems and conflicting relationships (Dettmer,

1997, p. 122).
3.2.6.3 Future Reality Trees (FRT)

Once a solution, called an injection, has been identified via the EC method practitioners
assume for the next exercise that it has been achieved and start to build the Future Reality Tree
(FRT). The tree is constructed and scrutinized to test the solution, once again using an effect-
cause-effect method. The FRT identifies what to change as well as considering its impact on
the future of the organization. Scrutinizing each step of the FRT as a group minimizes the
probability that participants may overlook significant negative branch effects or overlooked
problems. This process is referred to as trimming negative branches. The resulting tree
originates in one or more injections and ends in desirable effects which really reflect the
opposite of the UDEs in the CRT. Klein & DeBruine (1995) state that the process of
synthesizing the total organization; fosters and nurtures communication, understanding and
acceptance. This is because one of the components Legitimate Reservation (CLR) provide
guidelines for communicating any reservations about the validity of the elements and
connections within the trees (see Dettmer, 1997; Balderstone, 1999).
The FRT serves the following purposes:

e Enable effectiveness testing of new ideas before committing resources to

implementation
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e Determine whether proposed system changes will produce the desired effects without
creating negative side effects

e Reveal through negative branches, whether and where proposed changes will create
new or collateral problems as they solve old problems, and what additional actions are
necessary to prevent any such negative side effects from occurring

e Provide a mean of making beneficial effects self-sustaining through deliberate
incorporation of positive reinforcing loops

e Provide a mean of assessing the impacts of localized decisions on the entire system

e Provide an effective tool for persuading decision makers to support a desired course of

action

Serve as an initial planning tool
3.2.6.4 Prerequisite Trees (PRT)

Once practitioners have identified what to change to, the next step in TOC deals with
implementing the solution. Goldratt (1990b) states that one of TOC’s principles is that “ideas
are not yet solutions”. He feels it cannot be called a solution until implementation is complete
and the system is working as intended. The PRT is intended to identify obstacles that prevent
the injection from the EC being implemented.

The PRT uses a different logic from the previous trees, both of which use sufficiency logic
which basically asks “Is this enough?” to establish cause and effect relationships. The PRT
uses necessity logic, as does the Evaporating Cloud. In the case of the PRT, it is to identify the
critical elements, or obstacles standing in the TOC practitioner's way of reaching the objective.

Dettmer (1997) advises asking the following two questions to check whether a PRT is needed:
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e |s the objective a complex condition? If so, a PRT may be needed to sequence the
intermediate steps to achieve it

e Do | already know exactly how to achieve it? If not, then a PRT will help map out the
possible obstacles, the steps involved in overcoming them, and the appropriate
sequence.

Dettmer (1997) states that the PRT is used to achieve the following objectives:

e Identify obstacles preventing achievement of a desired course of action, objective, or
injection (solution idea arising from the Evaporating Cloud)

e ldentify the remedies or conditions necessary to overcome or otherwise neutralize
obstacles to a desired course of action, objective or injection

e ldentify the required sequence of actions needed to realize a desired course of action

e ldentify and depict unknown steps to a desired end when one does not know precisely

how to achieve them
3.2.6.5 Transition Trees

The last tool in the TOC thinking process is the Transition Tree, which Klein & DeBruine
(1995) state that it allows practitioners to determine the actions necessary to implement the
solution. Practitioners use the effect-cause-effect method to construct and scrutinize the details
of the action plan, called the Transition Tree. As in construction of the FRT, each step is
scrutinized using CLRs for negative branches.

Dettmer (1997) sees the FRT as a strategic tool in which major changes can be outlined. The
implementation of these, however, will require complex interventions needing greater detail of
actions to be taken, which is the intended use for the Transition Tree. As such he sees the

Transition Tree as an operational or tactical tool.
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Dettmer (1997) states that the purpose of a Transition Tree is to implement change. He says
that the Transition Tree structure started off as a four-element tree, with a fifth element being
added later. Dettmer feels that the use of the four or five element tree is situational. He states
that the five-element tree is the preferred methodology when constructing step by step
procedures and there is a need to explain to others exactly why each step is required. Dettmer
(1997) outlines the original four elements of the Transition Tree as:

e A condition of existing reality,

e Anunfulfilled need,

e A specific action to be taken, and,

e An expected effect of the integration of the preceding three.
Each succeeding level of the Tree is built upon the previous level, with the expected effect
taking the place of the unfulfilled need. These build progressively upward to an overall
objective or desired effect.
The fifth element added to the Transition Tree is:

e The rationale for a need at the next higher level of the tree
This change was devised to better assist buy-in from those whom the TOC practitioner
requires assistance. People are often inclined to resist change without a good explanation for
the background to it. Also, the implementation of major change frequently falls outside the
span of control of the person designing the change initiative, so that it is important to obtain
the commitment of those who have the required power to ensure implementation. The fifth
element that Goldratt has added appears to address these issues.
Dettmer (1997) states that the Transition Tree has nine basic purposes, these are:

e Provide a step by step method for action implementation
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e Enable effective navigation through a change process

e Detect deviation in progress toward a limited objective

e Adapt or redirect effort, should plans change

e Communicate the reasons for action to others

e Execute the injections developed in the EC or FRT

e Attain the intermediate objectives identified in a PRT

e Develop tactical action plans for conceptual or strategic plans

e Preclude undesirable effects from arising out of implementation
To summarize the thinking process tools it has been founded that the relationship of the tools
with each other is shown in figure (3.5), which shows the five diagrams and the usual way
they interconnect if used in sequence to solve a complex problem. The five stage theory of
constraints thinking process begins with a Current Reality Tree, which diagnoses what; in the
system; needs to be changed. The Evaporating Cloud is then used to gain an understanding of
the conflict within the system environment or, as Goldratt prefers to call it, the reality that is
causing the conflict. The Evaporating Cloud also provides ideas of what can be changed to
break the conflict and resolve the core problem. The Future Reality Tree takes these ideas for
change and ensures the new reality created that would in fact resolve the unsatisfactory
systems conditions and not cause new ones. The Prerequisite Tree determines obstacles to
implementation and ways to overcome them and the Transition Tree is a mean by which create
a step-by-step implementation plan. All of Goldratt’s tools are designed to overcome

resistance to change by creating a logical path which can be followed.
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The five tools can be used individually or in concert depending on the complexity of the

situation that is being faced. The process allows practitioners to logically and thoroughly

prepare themselves to successfully develop and implement change solutions.
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3.3 Related Topics

This part of the chapter addresses the topics used by the company in the case study in chapter
four. At first it describes the process type of the firm and explains it, then the pull system and
kanban which the company is working by, and at last the value stream mapping tool and the
cause-and-effect diagram that the company has used in the process of identifying the

constraint.

3.3.1 Job Shop Process

A job shop is a type of manufacturing process that creates the flexibility in which small lots of
a variety of custom products are made. In this process flow, most of the products produced
require a unique set-up and sequencing of process steps. Job shops are usually businesses that
perform custom parts manufacturing for other businesses, so the customization is relatively
high and the volume for any one product or service is low. However, volumes aren't as low as
for a project process, which by definition doesn't produce in quantity. The work force and
equipment are flexible and handle various tasks. As with a project process, companies
choosing a job shop process often bid for work. Typically, they make products to order and
don't produce them ahead of time. The specific needs of the next customer are unknown, and
the timing of repeat orders from the same customer is unpredictable. Each new order is
handled as a single unit “as a job”. A job shop process primarily involves the use of flexible
flow strategy, with resources organized around the process, in which most jobs have a
different sequence of processing steps. Examples of job shops include a wide range of
businesses such as: a machine tool shop, a machining center, a paint shop, a commercial

printing shop, and other manufacturers that make custom products in small lot sizes. These
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businesses deal in customization and relatively small production runs, not volume and

standardization. The following points explain the characteristics of a job shop:
3.3.1.1 Layout

In the job shop, similar equipment or functions are grouped together, such as all drill presses
in one area and the grinding machines in another area in a process layout. The layout is
designed to minimize material handling, cost, and work in process inventories. Job shops use
general purpose equipment rather than specialty, dedicated product-specific equipment.
Digital numerically controlled equipment is often used to give job shops the flexibility to
change set-ups on the various machines very quickly. Because economies of scale are usually
not a part of a job shop's competitive edge, they compete on factors other than price. They

compete on quality, speed of product delivery, customization, and new product introduction.

3.3.1.2 Routing

When an order arrives in the job shop; the part being worked on travels throughout the various
areas according to a sequence of operations. Not all jobs will use every machine in the plant.
Jobs often travel in a jumbled routing and may return to the same machine for processing

several times.

3.3.1.3 Employees

Employees in a job shop are typically highly skilled craft employees who can operate several
different classes of machinery. These workers are paid higher wages for their skill levels and
due to their high skill level; job shop employees need less supervision. Workers may be paid a

standard hourly wage or by an incentive system. The role of management is to bid on jobs and
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to establish prices for customer orders. The key activity in a job shop is processing

information.

3.3.1.4 Information

Information is the most critical aspect of a job shop. Information is needed to quote a price,
bid on a job, route an order through the shop, and specify the exact work to be done.
Information begins with quoting and then a job sheet and blueprint are prepared before the job
is released to the floor. Once on the production floor, employees complete job sheets and time
cards for labor cost calculations and to update records for quoting future jobs when variances

are present.

While it is often easy to bid on jobs the shop has manufactured before, new jobs require
accurate costing of labor, materials, and equipment as well as accurate assigning of overhead
to the job. Tickets follow each job through the shop, where time and activities are recorded.
Because the job shop makes specialty; custom items; it competes on quality and customer
service and not on price. The job shop has little if any raw materials inventory because
customers bring in the parts and materials to be worked on. The job shop has work-in-process
inventory while jobs are being completed, but typically the customer is waiting on the order
and expects prompt delivery, so there is no finished goods inventory in this make-to-order
environment. Some job shops; like many small businesses; thrive on managing cash flow.
They may work on small jobs to complete them by the end of the month so they can bill

customers for the work.
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Figure 3.6: Job Shop Process Example

Source: www.oho.edu

332  Pull System

The concept of pull in production means to respond to the pull or needs of customers. It is a
customer-order driven production schedules based on actual demand and consumption rather
than forecasting, in other words it is called make to order. A company should not make large
amounts of stock and then try to sell it. Companies need to be aware of the market place and
what the customers want. The pull system uses visuals to signal when parts need to be
replaced. It controls the flow of resources in a production process by replacing only what has
been consumed. It is the center of any synchronized factory; that works by working
backwards; using signals or cards to trigger or start production. The process starts at the

finished products warehouse or the shipping area. When a customer orders a product, the
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process triggers the previous operation to replace it; signaling more products is needed. The
process continues backward through the factory to where raw materials are withdrawn which
in turn triggers the supplier to ship the raw materials.
Advantages of pull system:
e Low Unit Cost
» High throughput
» Low inventory
> Little rework

e Good Customer Service

» Short cycle times
» Steady, predictable output stream
e Flexibility
» Avoids committing jobs too early
» Tolerate mix changes (within limits)
» Encourages floating capacity

e High External Quality

» High internal quality
» Pressure for good quality

» Promotion of good quality (e.g. defect detection)

333 Kanban

The kanban is used to signal the need for replacing or refilling materials necessary for
production. There are a variety of ways that the signal can be sent. Actual cards, accompany

goods though the production process can be used to keep track of current inventory. However,
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something as simple as the arrival of an empty container at an upstream processing station is a
clear signal that the parts that were in the container have been used and more are needed.
Kanban can be used in manufacturing systems where the product is manufactured to the pull
of market demand. A kanban card can be generated to identify production of part(s) to
replenish in-house inventories, a withdrawal of product for shipment to a customer, or to

signal the replacement of raw materials and components.
334 CONWIP

Effective production control systems are those that produce the right parts, at the right time, at
a competitive cost. CONWIP (CONstant Work In Process) is a new pull-based production
system appears to share the benefits of Kanban (e.g. shorter flow times and reduced inventory
levels) while being applicable to a wider variety of production environments.

The CONWIP control policy has been developed as an easily implementable alternative to
pure pull policies for shop floor control, under its development; a planning procedure to set the
constant level of work in process (WIP) for each product type in a job shop is operated. In
addition, the development and analysis of this control policy has focused on flow lines or
assembly systems. Many of the benefits of CONWIP can also be expected to accrue in job
shops; in which multiple products with distinct processing requirements compete for the same
set of resources; however, in order to implement it, one must determine the total amount of
WIP allowed in the system, as well as the quantity for each product (the WIP mix).

By specifying the number of production authorizations (kanbans) in circulation on a
manufacturing shop floor, pull control policies establish an upper bound for the work in
process (WIP) since a fixed number of parts are associated with each kanban. Limiting the

WIP in a manufacturing system potentially reduces jobs’ flow times and storage space, and
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permits a rapid response to quality problems encountered on the shop floor. In addition, pull

policies let demand govern the production system.

3.35 Value Stream Mapping

Value stream mapping (VSM) is the process of mapping the material and information flows;
which is mapped to signal and control the material flows; required to coordinate the activities
performed by manufacturers, suppliers and distributors to deliver products to customers. It is
defined as all the actions that are required to bring a product, or group of products that use
many of the same resources in much the same way, through the main flow essential to every
product; from raw material to the arms of the customer (Browning, 1998; Rother and Shook,
1999). This enhanced visual representation facilitates the identification of the value-adding
steps in a value stream and the elimination of the non-value adding steps, or wastes (muda).
Using VSM, many OEM’s and their top-tier suppliers have changed their existing facility
layout as well as existing systems for material handling, inventory control, purchasing and
scheduling; to reduce the total throughput times of orders and current levels of work-in-
process (WIP) inventories; as it helps visualize sources of waste and bottlenecks.

A typical VSM project involves the developments of maps: (1) Current State Map and (2)
one or more Future State Map that represents progressive improvements in the current state

map.

3.3.5.1 Pros of VSM

e Relates the manufacturing process to supply chains, distribution channels and

information flows

¢ Integrates material and information flows
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e Provides important descriptive information for the operation and storage icons in
standard flow process charts

e Provides a common language for the different parties, as it is a highly effective
communication tool

e Provides a company with a “blueprint” for strategic planning, to deploy the principles

of lean thinking and to facilitate their transformation into a lean enterprise

3.3.5.2 Cons of VSM

Fails to map multiple products that do not have identical manufacturing routings or

assembly process flows

e Lacks an economic measure for “value”, such as profit, throughput, operating costs,
inventory expenses, etc. unlike other techniques

e Fails to consider the allocation and utilization of an important resource; factory floor
space; for WIP storage, production support, material handling aisles, etc.

e Fails to factor queuing delays, sequencing rules for multiple orders, capacity
constraints, etc. in any map

e Fails to handle the complete BOM (Bill of Material) of a product, since that usually

results in a branched and multi-level value stream

336 Cause-and-Effect Diagram

Cause and Effect Diagram is a visualization tool for categorizing the potential causes of a
problem in order to identify its root causes. It was devised by Professor Kaoru Ishikawa; a
Japanese pioneer of quality management; in the 1960s. The technique was then published in

his 1990 book "Introduction to Quality Control." The diagrams that are created with it are
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known as Ishikawa Diagrams or Fishbone Diagrams; because a completed diagram can look

like the skeleton of a fish. Although it was originally developed as a quality control tool; you

can use the technique just as well in other ways, for instance, it can be used to:

Discover the root cause of a problem

Identify possible causes for a problem

Uncover bottlenecks in processes

Identify where and why a process isn't working

When there is a serious problem; it's important to explore all of the things that could cause it;

before starting to think about a solution. It identifies many possible causes for an effect or

problem and can be used to structure a brainstorming session, as it immediately sorts ideas

into useful categories.
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Figure 3.7: Cause and Effect Example

Source:_http://reliabilityweb.com
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3.3.6.1 Cause and Effect Diagram Procedure

The materials needed are a flipchart or whiteboard and marking pens.

e Agree on a problem statement (effect), write it at the center right of the flipchart or
whiteboard then draw a box around it and draw a horizontal arrow running to it
e Brainstorm the major categories of causes of the problem. If this is difficult use

generic headings:
> Methods
> Machines (Equipment)
> People (Manpower)
> Materials
> Measurement
> Environment
e Write the categories of causes as branches from the main arrow

e Brainstorm all the possible causes of the problem. Ask: “Why does this happen?” As
each idea is given, and the facilitator writes it as a branch from the appropriate

category. Causes can be written in several places if they relate to several categories

e Again ask “why does this happen?” about each cause. Write sub—causes branching
off the causes. Continue to ask “Why?”” and generate deeper levels of causes. Layers

of branches indicate causal relationships

e When the group runs out of ideas, focus attention to places on the chart where ideas

are few.

73



Chapter Four
ABB Egypt Company
Case Study




4.1 Introduction

ABB is a global leader in power and automation technologies. Based in Zurich, Switzerland,
the company employs 140,000 people and operates in approximately 100 countries, achieving
revenues of $40 billion in 2014. The firm’s shares are traded on the stock exchanges of Zurich,
Stockholm and New York. ABB is the product of many acquisitions and mergers; but
primarily the 1988 coming together of ASEA of Sweden (1883) and Switzerland's BBC
(1891); formerly known as Brown Boveri; two of the proudest and best known names in
European electrical engineering history. In subsequent years, the combined business; which
once included products as diverse as turbines and railway engines; was streamlined to focus on

today's priorities of power and automation.

As one of the world’s leading power and automation engineering companies that provide
solutions for secure, energy-efficient transmission and distribution of electricity; the
productivity in industrial, commercial and utility operations is increased. The group is
particularly proud of its record for innovation; widely recognized through countless awards
and scientific accolades. Many of the technologies which are taken for granted today; from
ultra efficient high-voltage direct current power transmission to a revolutionary approach to
ship propulsion; were developed or commercialized by ABB. The company’s portfolio covers
electrical, automation, controls and instrumentation for power generation and industrial
processes, power transmission, distribution solutions, low-voltage products, motors and drives,
intelligent building systems, robots and robot systems and services to improve customers’
productivity and reliability. Today ABB is the largest supplier of industrial motors and drives,
the largest provider of generators to the wind industry and the largest supplier of power grids

in the world.
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ABB’s business is comprised of five divisions that are in turn organized in relation to the
customers and industries they serve. These divisions and their revenues on 2010 compared to

the increase that occurred in the revenues in 2013 are:

a

: — '
!?’Hjie"%ﬁ

=

Discrete
Power Power Systems Automation Low Vohage Shece
Products = Products Automation
and Motion

$10 billion $6.8 billion $5.6 billion $4.5 billion $7.4 billion
32,500 17,500 25,500 20,000 26,500
employees employees employees employees employees
3% 7% 5% 16% 4%
$11 billion $8.4billion $9.9 billion $7.7 billion $8.5 billion

Figure 4.1: Business Divisions with their Revenues
Source: ABB Company’s Presentation

ABB has been present across North Africa since 1926, with its first office in Cairo, Egypt.
Eighty years later, it has major offices in key countries across the region. It can be founded in
Algeria, Morocco, Tunisia, Libya, Cote d’Ivoire, Cameroon, Nigeria, Mali, Ghana
and Senegal. The company’s project teams in engineering centers across North Africa are hard
at work designing and delivering a range of complex solutions from substations to serve new
cities, oil and gas electrification, to electrical infrastructure for some of the most exciting new

property developments globally.
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4.2 ABB Egypt

ABB has been present in Egypt since 1926. The first manufacturing facility has been
established in 1979 for the assembly of MV (medium voltage) and LV (low voltage)
switchgear. The newest investment that took place for the dry type transformers production

line at 10" of Ramadan City was in 2010.

The head office is located in Cairo. Its branch office is in Alexandria. ABB has five
manufacturing facilities in 10" of Ramadan City over an area of greater than 100,000 sq.
meter, a free zone export assembling unit in Cairo, a regional engineering center and machines
service workshop in Al Obour City, two turbo charging service centers one in Suez and one in
Alexandria, besides ABB University in Egypt for training on ABB products, processes and

applications and it has 2000 employees in Egypt.

ABB manufactures a range of power and automation products in Egypt to serve the rising
local demand for increased electrical infrastructure. Manufacturing facilities include: medium
and low voltage switchgear, high and medium voltage breakers and switches, oil and dry-type
transformers, miniature and molded case circuit breakers, switch fuses, feeding industries.
Service covers all portfolios and full
service; it also covers industries like oil
and gas, minerals, metals, pulp and paper

etc.

Figure 4.2: ABB’s Locations Map

Source: ABB Company’s Presentation
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4.2.1 ABB’s Egypt Current Market for Export

e North Africa & ME countries (11)

Algeria, Jordan, Lebanon, Libya, Morocco, Pakistan, Saudi Arabia, Syria, Tunisia, UAE,

Yemen.

e Eastern Africa & South Africa (11)

Eritrea, Ethiopia, Ghana, Kenya, Mauritius, Nigeria, Tanzania, Uganda, Niger, Seychelles, Sri

Lanka.

e Europe (4)

Cyprus, Ireland, Malta, UK

e Americas (1)

Mexico
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4.2.2 Structure of ABB’s Business Five Divisions

Table 4.1: ABB’s Five Business Divisions

Discrete Automation

Low Voltage Products Process Automation

Power Products Power Systems

and Motion

Low Voltage Systems Motors and Generators

Low Voltage Products

Minerals and mining

=

Transformers Automation and Control

1
i

Substations Power Conversion

]
]

|

Turboc

§

Oll and gas

Source: ABB Company’s Presentation

Figure 4.3 shows the categorization of LPED (low voltage products din-rail and enclosures),
these products are requested and the markets served by it include OEMs, distributors,
wholesalers, installers, systems integrators, panel builders, end-users within building
automation, marine, transportation, power utility, process industries and manufacturing
industries. The selected product that the case study will focus on is called Protecta and will be

highlighted below in figure 4.3.
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LPED
BU
Empty Enclosures Ready Made
Plant Plant

MDB SMDB DB
(Main Distribution (Subdistribution (Distribution
Boards) Boards) Boards)

L ARTUK System

Consumer Units

Minicenter

Unikit

Protecta

Twin Line = Power Pack

Figure 4.3: Low Voltage Din-rail and Enclosures Hierarchy

Source: ABB Company’s Presentation

4.2.3 Protecta Product’s Description

The Protecta consists of the housing part that is put internally beneath the pan assembly and
the cover, the door which is the external part that protects all the internal items and is closed
by locks. The pan assembly is the part charged by electricity and volts as per requested from

the customer. There are other internal parts such as Kits and isolated copper terminal bar.
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Figure 4.4: Protecta Description

Source: ABB Company’s Presentation

4.2.4 ABB’s Overall Order Cycle Process

The process in the company starts with the customer request which is sent to the sales team by
mail, then is entered by them on the system “SAP”, then transformed to the production and
material planning department to check for materials availability and the capacity of the
production line, and prepares the production order to sent it to the production department to

start the manufacturing process. After being produced as a semi finished product, it is being
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assembled in the assembly plants then being packed to get ready for being stored in the
shipping area to be shipped (see figure 4.5). The previous explanation clarifies that the

company is working by a pull system.

Creating
sales order

\/

Sales Department

\ 4

(<£>¢\* Production order |y
,/7777
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Figure 4.5: Order Cycle Flow Diagram

Source: ABB Company’s Presentation

4.2.5 Production Process

The diagram in figure 4.6 shows in details the production mechanical workshop with its all

stages, and also identify where the WIP (Work In Process) is located within the process.
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Figure 4.6: Production Process Diagram

Source: ABB Company’s Presentation

ABB is producing a variety of products in significant quantities, that’s why the type of its
process is designed as a job shop process. Some of the products being produced are
standardized products and others are customized according to the customers’ required design.
All the products being manufactured are composed of three main parts: housing, cover and
door, what may differ from one product to another are the locks, gaskets, the inner design of
the electric plates being assembled to the semi finished products and the electric voltage being

charged to the final products.

The three main parts of the products pass through different stages in production start with
being sheets stored in the raw materials warehouse, then enter to the shearing and the
punching processes, then stopped at the WIP area before accessing to the bending process,

then the welding and the painting processes, after that these semi finished parts are stored in
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the buffer area located before the two assembly plants of the empty enclosures (to produce

standardized products) and the readymade assembly plant (for customized projects products).

4.2.5.1 Shearing

The sheet metal; after being brought from the raw materials warehouse; pass by the first stage
in the manufacturing process which is the shearing. However this process is not used for all
the products, but only some of them such as the Unikit and some parts of the Mirage product.

Shearing involves cutting the sheets metal into two parts.

4.2.5.2 Punching

For those items which do not get sheared at first, they are brought directly from the warehouse
to be punched. In this operation the sheets are cut according to the drawings inserted and are
required upon the product design. This stage is being done by four CNC machines, in which
the products’ specifications and punching dimensions are entered to computers, and the

machines accomplish automatically according to these data.

4.2.5.3 Bending
After the sheets metal being punched or sheared, they stop at the WIP area waiting to be
bended through one of the six machines available at the factory. Bending has been made to

make the edges required in the products’ housing, covers, or doors. The full product takes 1.30

minutes to be made.
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4.2.5.4 Welding

Welding means that the studs are welded in the housing parts produced as demanded, either
automatically; where there is only one automated machine; or manually by the twelve labors

employed by the company.

4.2.5.5 Painting

Once the parts are welded, they are hung on hooks on the automatic moving belt to enter to the
painting process. The company has only one production line for painting the items that have
been passed through the previous three production stages. This moving line passes into a
furnace, then coated by a coat against rust, washed and left to be dried, then painted by a
standard color, enters into a furnace again to dry and the color be fixed and then be ready to
get removed from the moving belt for storing in the buffer area, waiting to access one of the
two assembly plants. Standardized products access the empty enclosures assembly plant, while
the customized products requested for specific projects access the readymade assembly plant.
Before storing in the mentioned buffer area located before the assembly lines, some products
may enter to a workshop for putting gaskets in it; this part is added upon customer request to

protect the product from weather circumstances.

4.2.6 Machines Capacity and Operating Time

All the machines used in the production process in ABB work for 7.5 hours per shift; which
means a total of 450 minutes. The rate of products output; produced from all the machines; is

around 400 units.
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4.2.7 Manufacturing Process and Factory Layout
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Figure 4.7: Factory Layout

Source: ABB Company’s Presentation

Operation No. Operations Description
1 Punching of Covers, Doors and Pan Assembly
2 Staying in Supermarket for Order’s Penetration
3 Moving to bending station according to production orders
4 Welding station
5 Painting Station
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4.3 Applying TOC in ABB

ABB as a multinational company is always seeking for the continuous improvements and
developments of its products and processes. Meeting customer demand and satisfaction is the
main objective of the company’s strategy to help in reaching its goals and making profit now
and in the future. To achieve this ABB is offering trainings to its employees to help them
develop their skills and increase their knowledge of the latest tools which will assist them in
improving work. By asking the company representatives in the interview about how did they
know the theory of constrains; especially that TOC is not widely used in companies in Egypt;
the answer was that they knew about it from a training they obtained called “lean
manufacturing green belt”. The company then uses the theory more than once to eliminate

different constraints within its processes and still using it till now for future improvements.

The Protecta product; the research focus; is one of the newly developed products by ABB. It is
manufactured to be sold to the local market in Egypt and also is exported to UK, Ireland,
Mexico, Dubai and Greece. The reason for choosing the planning process of this product
specifically to apply an improvement on; returns back to the complaint from the “A” class
customer (United Kingdom) about the long lead time of the order. The normal lead time for
delivering the orders was eight weeks for manufacturing and three weeks for shipping. As the
shipping time is being difficult to be controlled and reduced; the solution was to reduce the

time taken for manufacturing and packing the product within the company’s factory.

The top management in the company strongly supports and encourages the team of the
production planners to rapidly improve the process of production generally, and to improve
the process of manufacturing the Protecta product specifically; not only because of the

complaints reported from UK, which is an important regular importer for this product; but also
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for the continuous development of its processes. A team was made and organized to establish
the project of improving the production planning process using the theory of constraints. They
started by identifying the vision and objectives of this project, setting the key performance
indicators before and after using the theory, and finally limiting the scope and time of this
project to the empty enclosure products (Protecta), and to the period from August 2009 to

April 2010.

4.3.1 Project’s Vision

To deliver the products to the customers with the shortest delivery lead time and establish as a

preferred supplier in the market with a flexible value chain.

4.3.2 Project’s Objectives from Using TOC

To Improve the Customer Order Delivery Process by improving the following Parameters:

e Order Delivery Lead Time from 8 weeks to 3 weeks
e Customer on Time Delivery (OTD) to 95%
e Reduction in Inventory from 16% to 13%

e Increase capacity to the level of 20,000/month (5000/week, 910/day)

4.3.3 Key Performance Indicators

Are a set of indicators to measure data against a sort-of enterprise success gauge. Ultimately,
they help an organization assess progress toward declared goals, in other words it is a
business metric used to evaluate factors that are crucial to the success of an organization.

ABB’s KPIs are clarified in table (4.2)
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Table 4.2: KPIs Baseline and Targeted Level with Definitions

Average daily 523 910 [ Average of daily production over a period of one month.

production

Order delivery 8.0 3 Mean value of Total Throughput Time (TTPT) from receiving
lead time sales orders to dispatch (invoice). TTPT refers to the time span
(Weeks) (elapsed time measured in calendar days) between the receipt of

the order to the shipment (Ex-Works).

Manufacturing 4 2 Mean value of Throughput Time (TPT) of all production orders
lead time (order lines) ready for shipment last month. TPT refers to the
(Weeks) time span (elapsed time measured in calendar days) between

when the work on each production order starts at the first
processing operations to its completion status as ready for
shipment (ready for shipment = last operation in the
manufacturing site). Also called manufacturing lead time.
Customer 20% 95% | Number of on time deliveries (order lines) / Number of deliveries
OoTD to customer (order lines). Number of on time deliveries =
Number of order lines delivered to customer on time and with
documentation. On time means within the window (-any: +0
days) compared to the original committed delivery date.
Inventory / 16% 13% | Inventory value / Revenue
Revenue %
Quality 83.7 95% | Total orders first passed / Total no of orders inspected
performance

Source: ABB’s Company’s Presentation

The following step that had been done after that; was the implementation of the TOC which

starts by developing the five focusing steps; to identify and eliminate the constraint.
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4.3.4 Attaining the Five Focusing Steps

43.4.1

Identify the Constraint

In order to reach to the constraint that is preventing the process from being accomplished efficiently,

the team established a VSM to the planning and production process that maps the material flow and

identifies the value adding, non-value adding activities and steps within the process.

The

observation is made on a lot size of one hundred pieces, as this represents the optimum order size as

per the company’s data and calculations.

11
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Wip in days 14 days 3.5 8 4 2 4 27.5 NVAin manufacturing
Cycle time in sec 2000 3000 6000 3100 2000 2700 1500
Cycle time in min 33 50 100 52 33 45 25 338 VA in manufacturing

Figure 4.8: Model of VSM for the Old Situation

Source: ABB Company’s Presentation

The previous figure (4.8) shows a model of the real VSM done by the project team. The non-

value adding time is represented in the WIP calculated in days in the VSM, while the value

adding time means the cycle time truly processed, and it’s calculated in both seconds and

minutes. What was concluded from the VSM s that the process which is the slowest and has
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the longest buffer is representing a bottleneck which impedes the process flow. The bending
workstation has been founded to have the biggest throughput time and the biggest buffer
which is held before it; also the critical constraint resource has been founded in the assembly
work station. The team not only made a VSM to identify the constraint, but also constructs a
root cause analysis to know well the main reasons and root causes behind the long throughput

time.
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Figure 4.9: Root Cause Analysis

Source: ABB Company’s Presentation

The root cause analysis in figure 4.9 identifies the different causes for the long throughput

time. The main cause that was observed was the many changeovers of machine which
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increases the non value added time; furthermore the utilization of that machine highly affects
the whole process efficiency. The team chose this cause specifically to work on other than the
other causes, as it decreases the utilization of the bottleneck determined in the VSM,;
according to what is known and logic that one minute lateness in the bottleneck affects the
whole system by one minute as well. Another reason for choosing this cause specifically
returned back to the nature of the company’s production process; which is a job shop or makes
to order process; that involves a variety of orders which resulted in many changeovers during

production.
4.3.4.2 Exploit the Constraint

In this stage the existing resources are used in order to make quick improvements to the
throughput of the constraint. The team managed to make a pilot for two weeks in order to
prioritize the buffer before the bending line and working on the maximum available time (3

shifts/ day), staging for the breaks (24 hours).

4.3.4.3 Subordinate to the Constraint

A review of all the other activities in the process is made to subordinate them to the constraint
followed by an implementation of a simplified drum-buffer-rope concept. Subordinating all
the processes to the bending point was done by:
e Creating a supermarket Kanban from fast moving codes representing 75% from the total
demand
e Make order penetration point at the bending station, and releasing orders on the exit
rate of the bending
e Once the order is released from assembly, the planning department should release new

order to the bending station which represents the drum.
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4.3.4.3.1 Supermarket Kanban

Creating a supermarket before the bottleneck (bending) requires creating a plan for that
supermarket and executes to fill the stock in supermarket as per that plan. The supermarket
operates based on 2 Bin methodology. Bin Quantity works out based on average past 12
months demand & replenishment lead times which were brought from the SAP. The value of
material in supermarket amounted to ~200KEGP and consists of 26 end items out of 81. The
supermarket kanban is filled according to the equations mentioned below. The daily demand
has been presented as hundred units; with a supply lead time two days; the safety stock is

based on calculated Output Reliability 95% and the total number of working days is eleven.

BIN= ROP/2

= ROP=DDLT + SS

4.3.43.2 CONWIP

The goal from making the CONWIP board showed in figure 4.10 is to control WIP in the
shop floor and to establish clear focus on completing the orders in pipeline. The number of
orders in the CONWIP board is arrived based on maximum production rate and
manufacturing cycle time (TPT) — Little’s law. At any given point of time, there can be a
minimum of 12 open orders and a maximum of 15 open orders. In exceptional situation, a
new order can be released in addition to 15, if the bending (bottleneck) workstation starves
for material. There is one provision given for Rush orders, work shop wouldn’t have more
than one rush order at a time and this puts a curtain to the number of rush orders flowing
into the system. Focus of execution should be strictly limited to completing the orders in
pipeline as fast as possible. No new order would be released unless an order in the pipeline
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is completed. The status of each order should be tracked against time available using
percentage work content completion. The discussion during daily quick corner meeting
should be limited to the orders running behind time (delays), starting from orders with
high priority to low priority. For easy identification, the delayed orders in the board will be

marked with a red label before a meeting would begin with the team.

|
TITTILT

B Delay [ Ontime

Figure 4.10: CONWIP Board

1]
1, 2015 582 13

ADD

Source: ABB’s Company Presentation

Standard operating procedures:

e Release the top one priority order from the critical ratio priority planning for the week

(At top left corner)

e Commit all the required resources (man, material and machines) to the orders starting
from bottom right to top left (from order 1 to 15)

e Update the status of order, plan versus actual and indicate the delays in red

e Review order delays starting from order 1 — 15

e Write reasons for the delay in the remarks column, along with the date of review
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e Compile order delay reasons and assign action plan, responsibility and due date
(Intimate logistics department about any delay in deliveries)

e Remove orders from bottom right once finished and release a new order
e At any point of time there should be nine released orders in shop floor

e 10™ 11" and 12™ orders should be released only when there is nothing to work on at

the bottleneck (Bending)

e The release of 13" 14™ and 15" orders would mean alarm to the planner that some
orders in the pipeline have delays and planner and production team should take

immediate actions on delays
e No more than 15 orders to be released at any point of time

e Rush orders to be put on bottom right first position and should get the first priority
over other orders. No more than one rush order can be in CONWIP board at any point

of time.
4.3.4.4 Elevate the Constraint

In this step further actions can be taken to eliminate the constraint, it is often achieved by
simply increasing the capacity of the constraining resource, involving an outlay of capital
to acquire and/or operate additional manpower and/or equipment to enhance the
constraint’s capability. This couldn’t have been done by the company at that time and
situation, as the investment budget couldn’t afford buying a new machine to elevate the

bottleneck.
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4.3.45 Repeat and Prevent Inertia

An examination for the new system configurations has been made by the team to make
sure that the changes implemented in managing the prior constraint are appropriate, the
current constraint is alleviated and the team will look forward for the continuous

improvement of the new constraint.

The results of the application of the TOC on the company’s process and performance are

discussed in the next chapter.
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Chapter Five
Analysis and Conclusion and
Recommendations




5.1 Introduction

This chapter is analyzing what the company has reached after adopting “TOC” principles,
implementing the simplified drum buffer rope, building a strategic supermarket kanban,
implementing CONWIP and critical ratio to prioritize the shop floor planning. All the

planning and scheduling actions were based at critical constraint resource.

The analysis is made by comparing the company’s planning process before and after adopting
the TOC. This comparison is reviewing the differences that occurred to the planning process,
which affects its performance and real production being executed. The influence of
implementing the theory and its effects on the throughput, lead time, inventory level and
operating expenses is clarified in the analysis by reflecting the changes occurred to the
company’s results. And finally the problems faced by the company to adopt the theory and

accomplish the process efficiently are explained.

5.2 Analysis

5.2.1 Planning Process After Using TOC and DBR

After adopting the theory of constraints and obtain its five focusing steps, the team has
identified where the constraint was located and has used different methods to exploit,
subordinate and elevate it. Before using the theory, the material procurement from the
suppliers was based on forecast with a typical “push” method. Multiple Production Orders
were released to the Shop, so batching of the production is quite evident resulting in to higher
levels of WIP inventories in all the shops. When orders had been released, the planning

department released new orders to the beginning of the process at the shearing or punching
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stage based on a FIFO strategy. After all that observations a structured continuous
improvement process yet had to be established in the entire value chain. Figure (5.1)
represents a VSM for the current situation after using the TOC, the simplified drum-buffer-
rope, the strategic supermarket kanban and critical ratio priority planning; it shows that the
flow of the process and the planning for it has been changed from the old situation and
becomes completely different. The order penetration point has been changed to be at the
bending station, with a buffer being put before it and releasing orders by the planning
department are done on the exit rate of the bending station (drum); once the orders are released
from assembly (rope). Table (5.1) shows the differences observed from the old and current

VSM.
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Figure 5.1: Model of the Current Value Stream Mapping

Source: ABB Company’s Presentation
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Table 5.1: Changes of Data Before and After Using TOC

Content Old Data New Data % Improvement
VA in manufacturing 0.21 days 0.21 days NA
NVA in manufacturing 27.79 days 13.79 days 50.37%
Manufacturing TPT 28 days 14 days 50%
Total throughput time 56 days 21 days 62.5%
(TTPT)

Source: ABB’s Company’s Presentation

5.2.2 Key Performance Indicators

Table (5.2) shows the achievements and developments of the key performance indicators
through the period from August 2009 to April 2010. The company has determined that, to
improve the customer order delivery process this will require improving the following

Parameters:

Order Delivery Lead Time from 8 weeks to 3 weeks

Customer on Time Delivery (OTD) to 95%

Reduction in Inventory from 16% to 13%

Increase capacity to the level of 20,000/month (5000/week, 910/day)
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Improving these parameters hasn’t been achieved directly or improved gradually once the

theory has been adopted, but it moves upwards and downwards until it reaches the desired

level. These changes occurred due to the new methodology being adopted in the firm and

being faced by the employees working with it and the management in the firm as well.

Table 5.2: Changes of KPIs Monthly

Jan -

No KPI's July Aug | Sept | Oct | Nov | Dec | Jan | Feb | Mar | Apr éac';gi;
2009 09 | 09 | 09 | 09 | 09 | 10 | 10 | 10 | 10 :
Baseline
Average
1 | daily 523 579 | 754 | 546 | 625 | 700 | 742 | 789 | 870 | 925 | 910
Production
Order
, | Delivery 8.0 54 | 81 | 83|89 | 36 | 33| 30/ 30| 28 3
Lead Time
Weeks
Manufacturi
3 | -ng lead time 4 46 | 51 | 34 | 20| 13| 20 | 23 | 25 | 22 2
Weeks
Customer 195 | 17.2 | 20.4 | 20.7 | 21.8 | 34.9 | 57.6 | 63.8 | 88.6
4 oD 20% 1 o oe | % | 0% | % | % | % | % | % | 27
Inventory / . 18.0 | 12.8 | 146 | 11.0 | 11.0 | 10.8 | 13.1 | 11.9 | 13.2 .
5 Revenue % 16% % % % % % % % % % 13%
g | Quality 837 | 837|837 |837|837|837|%%2| 89 |89.7| 91 | 95%
Performance 5

Source: ABB’s Company’s Presentation
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5.2.3 Problems Faced While Adopting TOC

Implementing any new theory or methodology within a firm may be accompanied by some
difficulties arise due to changing the culture and way of working being used by the employees
and the management as a whole. After asking the representatives of ABB about the problems
faced them through implementing the theory, it had been concluded that the problems

considered by them were:

Changing the way of working through fulfilling the orders demanded from the

supermarket rather than starting from scratch

e Refusing the financial department for increasing the stock level

e Shifting the pattern of work plus breaking over lapping, in addition to optimizing the

order quantity to maximize the utilization of the bottleneck

e Keeping the management on following up the targeted KPI’s and reacting to any

deviations, as well maintaining the spirit among the employees

Although these problems were faced and were prevalent at the beginning of applying the
theory, the top management and the project team insisted to continue and force these

challenges. The steps that have been taken to face these problems are:

e Trainings to the project team completed as planned, especially for the workmen on
shop for waste identification
e Monitoring the availability of skilled resources and ensured timelines on the actions

planned in each of the work packages
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e Steering a communication plan and ensuring effective communication within the teams
and all the work packages

e Timely appreciation for the activities completed and results achieved

So the main results to these steps taken are employees’ motivation to change and participation
i.e. reduce resistance to change, secure that the change is sustainable, and reduce the

implementation time.

5.2.4 Performance Measures

The core performance measures proposed by Goldratt in the theory to measure the variations
occurred after using the theory are the throughput, the inventory and the operational expenses.
ABB focuses mainly on the total throughput time which will automatically influence the three
other measures in addition to the customer service level. Explained below with graphs the

effect of using the TOC on the company’s performance:
5.2.4.1 Total Throughput Time (TTPT)

As mentioned before in the previous chapter, that adopting TOC is referred back to improving
the order delivery lead time of the Protecta product, which is needed to be implemented due to
the complaints received to the company from the “A-class” customers of that product. The
target of the company was to decrease the order delivery lead time from eight weeks to three
weeks. Figure (5.2) shows the monthly changes occurred to the TTPT from the beginning of
adopting the theory till it reaches the desired target level at the end of the project period April

2010.
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Figure 5.2: TTPT
Source: ABB Company’s Documents

5.2.4.2 Inventory Investment

Inventory for any company means the money that the system has invested in items purchased

and intended to be sold in addition to the WIP items stored between the production stages. For

that reason, ABB is
measuring the inventory
value per its revenue
percentage and worked
on decreasing that value.
Before implementing the
theory of constraints the
company was suffering

from the high WIP
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Figure 3.3: Inventory Level
Source: ABB Companv’s Documents

inventory located before the bending process. After using the theory and changing the

planning process for its product; using the simplified drum buffer rope and supermarket
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kanban; the inventory level has changed and decreased from 16% to 13% nowadays passing

through different variations as shown in graph (5.3).

5.2.4.3 Average Units Produced (Throughput)

From the core performance measures of TOC is increasing the throughput of the company
after using the theory. From ABB’s point of view, focusing only on increasing the throughput
rate may not be effective enough; as increasing throughput quantity with the same demand
level will be useless, and increasing the throughput rate with a long lead time for that

throughput will not be

beneficial for the Average of Daily Production

company as well. 1000 —&— Average daily Production =~ —ll—target
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production line. So the 2000 09 09 09 09 09 10 10 10 10
Baseline
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company was on Figure 5.4: Average of Daily Production

Source: ABB Company’s Documents
decreasing the throughput time which will lead to the possibility of increasing the throughput

rate now; if the current demand increases over the normal rate required and in the future if
needed. Figure (5.4) clarifies the throughput rate changes from 500 panels per day before
adopting the TOC until reaching higher than the target of 910 panels per day after TOC’s

implementation, to be 925 panels per day.
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5.2.4.4 Operational Expenses

Operational expenses for the company lie in the money spent to create the throughput and
maintain the given level of capacity. Diminishing the operational cost is considered a main

objective of the

OPERATING EXPENSES IN HOURS
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Figure 5.5: Operating Expenses
affecting their Source: ABB Company’s Documents

operational expenses within their production process. In the past, the company might have a
maximum of one hundred and five overtime hours per person; meaning that an average of
three thousands hours for the thirty persons needed by the company to attain its production
level; which is costing the company too much expenses. The implementation of the theory by
identifying the constraint and increasing the utilization of the bottleneck influences the issue
of the overtime and reduce the number of workers needed within the production process from
thirty workers to nine workers only; which leads to diminishing the operational expenses as a

whole as shown in figure (5.5).
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5.2.45 Customer Service Level

The service level is recognized from the company’s ability to meet customer requirements and
deliver the orders demanded on time and with the best quality; to achieve the highest
customer satisfaction. As per what has been mentioned previously that the reason behind all
the improvements and re-planning of the process occurred due to the customer complaints and

dissatisfaction, so it is of
CUSTOMER SERVICE LEVEL IN %
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What has been observed

company increases its

customer service level to Figure 5.6: Customer Service Level

almost 88%: which is Source: ABB Company’s Documents

close to the target level determined. The company is still working on improving its planning

process and performance as well, to reach the desired target level of 95%.

5.3 Conclusion

The theory of constraints with its five focusing steps is an effective method of improving any
process, as they act preventively and effectively to eliminate the constraints available in the

process and exploit it using the existing capacity. The theory is compatible with any type of
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firm and market, because it manages the bottlenecks and cushions that affect the production
flow, subordinating all the other activities to the constraint and ensuring an increase in value
added. The goal of the TOC is to increase throughput and at the same time reduce inventory
and operating expenses. As a prerequisite to ensuring profitability, the entity’s members must
be able to quickly identify and remove the constraint(s) and ensure that they can continue to
meet changing customer requirements accurately.

It is concluded that the TOC approach is very beneficial for the production planning because
of its potential improvements. One can also benefit from TOC, not only by implementing its
software, but also by using its philosophy.

The objective of the case study mentioned in the previous chapter is to utilize the TOC
management principles to improve the performance of the manufacturing planning process for
one of the products that are manufactured by ABB Company in Egypt as well as eliminating
the constraint that would has been determined. TOC is a continuous improvement process
wherein a planning process is viewed as a chain, and the objective of the process is to
continually strengthen the chain by identifying and strengthening the weakest link.

The first step taken was to identify the process’s constraint. This was done by constructing a
VSM to observe the value added and non-value added activities, followed by using the root
cause analysis to identify the main cause of the constraint that had been determined. The
constraint was at the bending process where the biggest throughput time and buffer before it
was available; because of the many changeovers of the machine.

The second step for the TOC implementation process; was to exploit the system’s constraint
by prioritizing the buffer before the bending line and working on with the maximum available
time. The following step is to subordinate all of the other processes to the limitations of the

constraint and this was done by using the simplified drum buffer rope method, creating a
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supermarket kanban before the bottleneck and use CONWIP board to control the WIP and
prioritize the working flow.

The fourth step in the TOC process was to elevate the constraint and the final step of its
implementation process was to determine whether the system’s constraint had been broken or
not; if yes; then ABB has to continue improving the process by repeating the implementation
of the theory to identify a new constraint within its process and eliminate it.

It’s concluded from the analysis prepared above by comparing the performance measures and
the situation of the company before and after adopting the theory; that the implementation of
the theory causes changes to the production planning process, influences the performance
efficiency of the whole system and eliminated the determined the constraint, leading to the
best achievement of the company’s goals. According to what is fulfilled from the analysis; that
reducing the throughput lead time, the inventory level and the operating expenses, while on
the other hand increasing the average daily production, the customer service level, and the
performance quality; greatly improves that company’s performance than before, causing a
higher level of customer satisfaction, increasing the profitability and increasing the company’s
ability to hardly compete, leading to achieving the company’s goals.

It can be observed that the production planners in ABB didn’t use all the components of the
theory mentioned in chapter three while implementing it on their manufacturing planning
process. They don’t use the thinking process tools to understand the existing situations in the
system and implement positive organizational changes. By the steps followed and mentioned
for implementing the TOC in the case study, they practically answer the three basic questions
of the theory: what to change? , what to change to? , How to cause the change? , but not by the
thinking process tools. They understood the existing situation using other methods such as the

VSM and the root cause analysis, and they solve the problem and subordinate the constraint by
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a method such as the supermarket kanban and the CONWIP board. The production planners
know what to change, what to change to and they virtually cause the change by mixing the
implementation of the TOC with other methods and approaches.

Finally, and after completing the whole research it could be said that the research objectives
from introducing the theory of constraints with its strengths and weaknesses, and adding to its
literature review a case study that disclose the way of applying the TOC in the manufacturing
planning process have been reached and accomplished. Thus the research hypotheses have
been proved and achieved; as the efficiency of the manufacturing planning process has been
increased using the TOC, the throughput has been increased while the inventory and operating
expenses have been decreased by eliminating the constraint, the company’s performance has
been improved and the company’s ability to compete has been increased as well; as an effect

of these changes.

5.4 Recommendations

TOC breaks down the ponderous task of managing a complex process into manageable steps,
thereby relieving the management of the sense of being overwhelmed. Once management
determines where to focus its improvement efforts; the next logical question is, "Which
improvement to be implemented first?” i.e., "How are the improvements prioritized?" There
are several ways to do so, but it is recommended comparing the ratios of the expected benefits
i.e., increased throughput and the expected costs for each improvement. Then rank them from
highest to lowest. The improvement with the highest value should be implemented first. This

way of prioritizing considers both benefits and costs.
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A necessary pre-condition for successful implementation of TOC is top management support.
Without it, any improvements that might result would, at best, be short-lived. Once top
management pledges its support, the initial step would be to gain understanding and
acceptance of TOC management principles from everyone involved in the process. This
includes all middle management and shop supervisors affected by the results of the program.
As an important first step before the real implementation of any theory or methodology, is
suggesting initiating a pilot program within the system. The pilot saves time, effort and
relatively guarantees the results of the implementation.

After the successful application of the theory of constraints in ABB Company in its production
planning process, and the elimination of the identified constraint, the next step that should be
performed by the company; and also based on following the principles of TOC as a continuous
improvement process; is to identify, exploit and work on the new constraint.

Future research on similar topics could include studying the pervasiveness of TOC in different
manufacturing as well as other environments and fields. Philosophies such as Just-in-time
(JIT), Total quality management (TQM) and Lean thinking have certainly made their way into
the course books of universities and into the training material of managers, however it seems
that TOC is less known, despite its rather intuitive thinking process and techniques.

Similar case studies could also be conducted, with different companies and manufacturing
environments, to determine whether the process used in this research is applicable elsewhere

and whether TOC suits different types of manufacturing environments or not.
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Appendix

The list of questions that had been asked to ABB Company’s team involving Mr. Ahmed
Kabil the production manager, Mr. Islam Masry the industrial manager, Mr. Ahmed Hegazy
the production planning manager, and Mr. Ahmed EI Sayed the material planning manager are

mentioned below:

e What is the history of ABB worldwide, its market in Egypt and its business divisions?

e What is the company’s products hierarchy?

e What was the reason behind the company’s desire to improve its process, and why
they choose the Protecta product specifically?

e What is the description of the Protecta product?

e From where the company knew about TOC, and why they choose it specifically to
improve its process?

e What are the company’s production process and its factory layout?

e What are the objectives of using TOC?

e How the company applied the TOC and what are the techniques used through its
implementation?

e What are the obstacles faced the company in identifying the constraint?

e [sthere any changes occurred to the company’s processes after applying the theory?

> Yes, what are these changes?

> No

e Are there any improvements occurred after applying the theory?

» Yes, what are these improvements?
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> No

e What are the performance measures used by the company to evaluate the application of

the TOC?

e Are there any problems faced the company while applying the theory?
> Yes, what are these problems?

> No
e How the top management supports the team in applying TOC?

e |s the company recommending using the theory in other companies and processes?

The answers of all these questions have been clarified and reflected within the explanation of

chapter four and chapter five.

119



