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Charles Oakley, one of the Six Sigma Champions was brought in to provide an overview of Six Sigma to the team.  He explained, “Six Sigma as a data-driven business strategy has really turned into the hot-button issue of the day.  The term itself has turned into the financial equivalent of a Good Housekeeping seal of approval.  First advanced by Motorola around 1986 and advantageously adapted by many organizations, the strategy involves rigorous training in the use of specialized measurement and statistical tools to help improve customer satisfaction by reducing defects in products, processes, and services, cutting costs which are passed on to the customer, and reducing the cycle time and its variation, which translates to on-time delivery.  The list of enterprises adapting the Six Sigma strategy is almost endless and continues to grow, embracing many Fortune 500 companies and their suppliers.  However, those organizations that have deployed it successfully, where it has become part of the corporate culture are relatively few.  GE and Allied Signal fall into this category, which has resulted in a significant increase in their shareholder value.

In order to understand Six Sigma as a business strategy, we need to address several key questions:

· What is it?

· Why do it?

· How can the company get to Six Sigma?

· What is the underlying methodology and tools?

· How should it be deployed?

· Where can it be applied?

Reading material has been provided on these questions, but permit me to summarize it for you and then let you self assess yourselves on your understanding of the concept.

As you already know, a key aspect of the Six Sigma strategy is the DMAIC methodology, a scientific/disciplined approach to problem/solving, which includes the following steps or phases…define, measure, analyze, improve, and control.  Each of these steps, which are summarized below requires a fundamental understanding of the business process being investigated.

Define.  Define and collect facts regarding a problem or opportunity.  This requires first understanding customer needs (critical to customer requirements) and their relative importance, and translating these needs into critical organizational requirements (critical to quality requirements).

Measure.  Develop process input and output measures/metrics that will enable a process owner to understand, monitor, and improve the performance of a process.

Analyze.  Establish relationships between process inputs and outputs to determine most causes; identify opportunities as well as develop a strategy and prioritization for process improvement.

Improve.  Generate, select, and implement process improvements, as well as assess their impact on process performance and customer satisfaction.

Control.  Institutionalize improvement, monitor appropriate process inputs and outputs, to ensure process gain is sustained.

Each of these phases and their associated tools will be elaborated upon in detail subsequently, as you apply the DMAIC process.”

What is Six Sigma?

Oakley continued, “Six Sigma has several facets.  It is:  (a) a business strategy, (b) a measurement, and (c) a problem prevention or problem solving process.  Sigma is a letter in the Greek alphabet.  As a strategy, Six Sigma is a data-driven philosophy and process resulting in paradigm shifts in the way a company behaves, treats its customers, and produces its products or provides its services.  From a measurement perspective, sigma is defined as the standard deviation, which is a measure of the variation of a process.  For a business or manufacturing process, the sigma value is a metric that reveals how well the process is performing.  It’s a measure of how many defects or failures are likely to occur per million opportunities.  The higher the sigma value of a process, the fewer the defects.  Thus it measures the capability of a process to perform defect-free work, where a defect can be defined as anything that results in customer dissatisfaction.  The average product or process defect rate at most major companies hovers around four sigma, or more than 6,000 defects per million (dpm) (63 dpm if process is centered).  At the Six Sigma level, by contrast, the expectation is just 3.4 dpm (2 dpb, defects per billion if process is centered).  Establishing a goal of Six Sigma would be a huge leap forward for NACE, indeed for any company.

Lastly, it is a problem prevention/problem solving process for achieving the goal.  It involves the following five steps, which we have already stated and will be elaborated upon later…define, measure, analyze, improve, and control.

As a measurement, the Sigma of a process can be easily related to dpm, assuming the process is normally distributed.  This can be determined using Excel or Minitab, assuming the specifications are known.  For example, Figure 1, shows the relationship between the short-term (centered) and long-term (1.5 Sigma shift) sigma of a process and dpm.

As a problem prevention/problem solving process, the idea is to reduce variation in our processes/products.

Why Do It?

“So what,” Jack Mitchell, the in-resident design engineer blurted out.  Oakley responded, “Variation reduction in our processes/products leads to (a) improved quality (e.g., higher yields, lower dpm), (b) lower cost (e.g., reduction in the cost of poor quality), (c) improved productivity (shorter cycle times) and (d) increased capacity.  In sum, the goals of Six Sigma are (a) the improvement of process capability and (b) the elimination of waste.

Process capability measures the ability of a process to conform to specifications.  The less variation in a process, the greater its ability to meet specifications.  Hence, we say it has a higher process capability.  In concept, process capability is the ratio of the specification range (for two-specification limits)…upper specification limit (USL) minus lower specification limit (LSL)…divided by the process variation, i.e., 


Process Capability =  What the Customer Wants =
USL-LSL





    What the Customer Gets       Process Variation


Note that the lower the process variation, the greater the process capability.  This results in lower dpm, since there is a smaller chance of the output from a process exceeding the specification limits. There are precise metrics for measuring process capability, which we shall explore later (e.g., a process capability index is Cp = (USL-LSL)/6( where ( is the process standard deviation.  The Sigma of a process can then be determined by multiplying Cp by 3.  This can be converted to dpm if the process distribution is known.  

Improvement in process capability and waste reduction are correlated.  Namely, if process capability increases, then dpm decreases, which results in less rework and scrap.  Rework can be viewed as waste, in the sense that it really would be virtually unnecessary (non-value added) if process quality was high.  Things would be done right the first time.  Hence, rework can be viewed as a ‘hidden factory’ within a factory, which needs to be minimized.  Moreover, process capability and cycle time are also correlated; namely, higher quality translates into lower cycle time, since rework and scrap would be reduced or eliminated.  Hence, extra work or over production would be unnecessary to meet a customer order.

In sum, Six Sigma is about (a) satisfying customers…by providing product, transactional, and service quality and on-time delivery; (b) making money…eliminating waste, inventory, delays, i.e., non-value added activities…everywhere.  To comprehend the magnitude of potential savings, the cost of poor quality for a typical company is 15-25% of sales.  For General Electric, this presented a $4 billion dollar annual savings opportunity at the time they embarked on its Six Sigma strategy.

To make sure we all understand the relationship between the sigma of a process, process capability, and dpm let’s do an exercise (Exercise 1).”

Macro & Micro Economics of Quality

“Let’s now turn our attention to money,” Oakley stated.  “More importantly, at this point, it would be useful to attempt to quantify the Cost of Quality (COQ), both from a macroeconomic and microeconomic perspective.”

Macroeconomics of Quality

“We begin by raising and attempting to answer the three following issues:  (1) Why estimate the COQ? (2) Do you know that quality costs are a greater than those that are readily identifiable (Iceberg Principle)? (3) What are the gains to be made if measured quality losses were cut in half?

I’ve summarized the answer to issue 1 (Figure 2).  The answer to issue 2 can be determined by making a list of the measured versus unmeasured costs associated with poor quality.  I have made such a listing for you (Figure 3).  Observe how much more hidden or unmeasured costs there are to measured costs.  In fact, the actual COQ has been estimated to be 6 to 50 times the measured cost.  We call this the Iceberg Multiplier.  I have also provided an example of the COQ of a major consumer electronics firm and indicated the dollar savings if measured quality costs were cut in half (Figure 4).  The average savings ($168 million) turns out to be more than their estimated earnings ($125 million), i.e.


Average Savings = (6 + 50) x $6 million





    2




       = $168 million


Estimated Earnings = $125 million.

For purposes of practice, let’s do an exercise on this (Exercise 2).”

Microeconomics of Quality
“The microeconomics of quality takes things down to the process level and focuses on variation and bias,” Oakley continued.” To see how this works we first need to state the components of quality at the operating level:

· Performance measure (Y)

· Performance target (T)

· Process mean (()

· Process variation ((  )

· Expected COQ (E(Y-T)2)

Quality Cost is defined as some constant times the square of the difference between the performance measure (Y) and the target (T); i.e. k(Y-T)2 .  Namely, the further the process output is from the target, the COQ increases not linearly, but as the square of the deviation from target.  The expected COQ (viz, average cost of quality) turns out to be the following:



E (COQ) = k * ((2 + (( - T)2 )

where



(2 = process variance



(( - T)2 = bias



k = constant, which is unique to a given product/process.  

In general, it is unnecessary to determine k if one focuses on relative financial improvement, since the k’s would cancel.  To illustrate the computations, consider a process whose average cost per unit = $100, (2 = 9, ( = 90, and T = 100.  The E(COQ) = k* (9+102 ) = 109 * k.  If the process variance was reduced to 1, then E(COQ) = 100*k.  The E(COQ) improvement would thus be 

(109-100)/109 = 8.26%.”

Let’s now do an exercise to determine the COQ for variance processes (Exercise 5).”

Getting to Six Sigma

“How can a company such as NACE get to Six Sigma?”  Sarah Miller, the equipment and facilities engineer asked.  Charles Oakley responded, “To answer this question we need to address the following:

· Where does industry stand?

· Where does NACE stand?

· Strategies that don’t work…clinging to old habits

· Changing habits

· A strategy that does work

Let’s examine each in turn.”

Where does industry stand?  Oakley pointed to a figure that depicts dpm as a function of Sigma for various types of industrial processes (Figure 5).  It also shows the Sigma of the average company.  Clearly, the team agreed, there is much room for improvement.

Where does NACE stand?  Embarrasingly, no one at NACE knew specifically.  Processes were not being measured and monitored to the extent they should be.  Everyone had a different answer, but none had any facts.  However, on one thing they did agree.  Quality was not at all the level it should be and that processes needed to be measured and monitored.  “We need to become a fact-based organization; approach things scientifically.  We also must change our mindset…think in terms of dpm, not in terms of % defectives or defects.  Two percent defective is 20,000 dpm!  Behaviorally, I might accept 2% defectives as reasonable, but 20,000 dpm, no way?”

Strategies that don’t work…clinging to old habits.  Oakley continued, “Let’s talk about our habitual ways of doing things at NACE.  In fact, let me state two examples of traditional strategies we continue to use that don’t work, which we shall later illustrate with exercises.  These are (a) using inspection (defect detection) as the primary means of controlling quality and (b) driving processes through numbers.  Inspection is now recognized as a costly and ineffective means for controlling quality.  Moreover, it doesn’t get at the root cause of the problem.  There are other drawbacks as well which we shall illustrate with an exercise (Exercise 4 and Exhibit 1).

The second example is driving processes by recent performance by putting pressure on operations to improve.  Such tactics can be highly counterproductive and violate many of Deming’s 14 principles of management.  Again, we shall illustrate this with an exercise (Exercise 5 and Exhibits 2 & 3).”

Changing habits.  As Oakley mentioned earlier, “Six Sigma is a data-driven philosophy and process resulting in paradigm shifts in the way a company behaves, treats its customers, and produces its products or provides its services.  This requires changing traditional beliefs and habits of an organization and its people.  But as we all know, we are creatures of habit and therefore, changing habitual patterns of behavior is difficult.  We shall illustrate this with an exercise (Exercise 6).

A strategy that does work.  Oakley’s final though was, “If GE and other companies have been successful using the Six Sigma strategy of DMAIC, why can’t NACE be?”  The team enthusiastically agreed and was anxious to get started.

Six Sigma Deployment

Peter Park, the factory technician then asked, “How should Six Sigma be employed?”  Charles Oakley responded, it is somewhat difficult to definitize how Six Sigma should be employed in an organization, because it is often customized to its needs.  However, there are key aspects and success factors that can be stated:

1. Emphasis on statistical science and measurement.

2. Rigorous and structured training deployment plans (e.g., Champion, Master Black Belt, Green Belt)

3. Project-focused approach with a single set of problem prevention/solving strategies (DMAIC) and tools.

4. Reinforcement of quality guru (Deming, Juran) tenets (top management leadership and support, continuous training and education, annual savings plan).

5. Incorporation of Six Sigma across the entire enterprise

Since Six Sigma is a major enterprise commitment, a key factor in gaining support for its deployment and success is to develop a business plan.  This provides a roadmap of the objectives, implementation process, benefits, risks, and resource commitments over a planning horizon.  I’ve provided you with a format for a Written Business Plan (Appendix 2).

Where Can Six Sigma be Applied?

Oakley continued, “Simply put, Six Sigma can be and has been applied to essentially every business process or function (Figure 6).  An illustration of several applications are given in an article by Thomas Bysdek in the August 2001 issue of Quality Digest (Figure 7).  Transactional processes are your choice of NACE’s Order Management Process as the focus of your Six Sigma application is a good one.”  

Exercises

Exercise 1:  Sigma, Process Capability, DPM

What is the relationship between the Sigma of a process, process capability, and dpm?  As an illustration, assume that a process is normally distributed.  The lower and upper specification limits are LSL=2 and USL=5.  The variation in the process as measured by the standard deviation is 2 and the process is centered.  Determine process capability Cp, Sigma of the process, and dpm.  If the process standard deviation was equal to 1, what would be the process capability, Sigma of the process, and dpm?  Contrast and discuss the differences in the results obtained with the two process variations.  What are the operational and financial implications?

Exercise 2:  Macro Economics of Quality

Consider the data below.  Complete the missing information.  What would be dollar savings if we could cut scrap in half?

1. Units Sold





6 million

2. Estimated Revenues (6 x $50 per unit)

$300 million

3. Estimated Earnings (5.4% of sales)

$16.2 million

4. Scrap (Measured)




$1.875 million

5. Total Cost of Quality (Measured & Hidden)
___________

6. Total Cost of Quality (M+H) per Unit Sold
___________

7. % Total Cost of Quality per Unit/Selling Price
___________

What if we cut scrap in half?

· Savings




___________

Exercise 3:  Microeconomics of Quality

Below is a set of processes whose means ( and variances (2 vary as shown.  The target setting for the process output is T=100.  Compare the COQ’s of these processes on a relative basis.
	Process
	(
	(2
	COQ

	A
	90
	9
	

	B
	100
	9
	

	C
	90
	1
	

	D
	100
	1
	


Write a brief report on your analysis and state the implications of your findings.

Exercise 4:  How far can inspection get us to Six Sigma?

Task:  Count the number of times the 6th letter of the alphabet (F) appears in the text of Exhibit 1.  You have 30 seconds to perform this exercise.

Questions:  

1. Based (in part) on the exercise results, what is wrong with using inspection…defect detection…as the primary means of controlling and improving quality?

2. What would be a better way for controlling and improving quality? Why?

3. What is the impact of added inspection on quality?  For example, if the likelihood of detecting a defect is 90%, how many consecutive inspectors with this level of capability would it take to achieve a Six Sigma level of quality?  Again, what is wrong with taking such a strategy?

Exhibit 1:  Getting to Six Sigma Via Inspection

[image: image1.jpg]




The Inspection Exercise

Task:  Count the number of times the 6th letter of the alphabet appears in the following text.

[image: image2.png]The Necessity of Training Farm Hands for First
Class Farms in the Fatherly Handling of Farm Live
Stock is Foremost in the Eyes of Farm Owners.
Since the Forefathers of the Farm Owners Trained
the Farm Hands for First Class Farms in the
Fatherly Handling of Farm Live Stock, the Farm
Owners Feel they should carry on with the Family
Tradition of Training Farm Hands of Ij"irst Class
Farmers in the Fatherly Handling of Farm Live
Stock Because they Believe it is the Basis of Good

Fundamental Farm Management.
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Exercise 5:  Driving Processes Through the Numbers

A company, which makes widgets is concerned about inventory levels at one of its plants.  The plant manager is under pressure to keep his inventory levels as low as possible.  In Exhibit 2 is presented a profile of inventory levels over a period from April 1994 to June 1995, with comments and actions by the plant manager.

Questions:  

1. What is wrong with this scenario relative to Deming’s 14 management principles (Exhibit 3).

2. What is wrong with the way the plant manager is using data?  Do you have any suggestions that would help him analyze what is going on?  What role does variation play?

Exhibit 2:  Managing In-Process Inventory

· April 1994:
The in-process inventory is at a three-year low of 15.

· Manager presents an award to Dept. 50 in honor of this achievement.
· Ceremony in the cafeteria:  pizza and refreshments for all!
· “Everyone should be proud of what you’ve accomplished”.
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July 1994:  Three consecutive months of inventory increases.

· Manager wishes he could take back the award.

· “Recognition seems to have been backfired.”

· Instead of holding the gains, Dept. 50 seems to have gotten complacent – allowing inventory to creep back to where it was previously.

· Manager decides:  “This group just needs tough management!”
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Nov. 1994:  In-process inventory rises to a value of 26!

· Manager decides to kick anatomy and take names.

· He calls everyone in and demands they do something to keep inventories down.

· Following this tantrum, everyone in Dept. 50 treads lightly.  Short of hiding material in the dark corners of the plant, they don’t know what to do.

· So, they hold their breath and hope inventories drop.
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June 1995:

· Manager has seen reduced levels of inventory since the end of last year.  “Things are looking-up!” (Although nothing had been done to change the system)

· His learning:  “Tough management style gets results!”
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Exhibit 3:  Deming’s 14 Principles of Management

[image: image10.png]1. “Create constancy of purpose toward improvement of product and
service, with the aim 10 become competitive and 1o stay in business and o
provide jobs.” For the company that wants (o stay in business, the two general
types of problems that exist arc the problems of today and the problems of
tomortow. It is easy (o become wrapped up with the problems of today;
however, the problems of the foture command first and foremost constancy
of purposc and dedication to keep the company alive. Obligations need o he
made 1o cultivate innovation, fund research and education, and improve: the
product design and service, remembering the customer is the most important
part of the production line.

2. “Adopt the new philosophy. We are in a new economic age. Western
management must awaken 10 the challenge, must learn their responsibilities,
and take on leadership for change.” Government regulations and antitrust
activities need 10 be changed to support the well-being of people (not depress
i0. Commonly accepted levels of mistakes and defects can no longer be tol-
erated. People must receive effective taining so that they understand their job
and also understand that they should not be afraid o ask for assistance when
it is nceded. Supervision must be adequate and effective. Management must
be rooted in the company and must not job hop between positions within a
company.

3. “Cease dependence on inspection 1o achieve quality. Eliminate the
need for inspection on a mass basis by building quality into the product in
the first place.” Tospection is t0o late, ineffective, and costly to improve qual-
ity 1t is too late 10 react to the quality of a product when the product leaves
the door. Quality comes from improving the production process, not inspec-
tion. Corrective actions are not inspection, scrap, downgrading, and rework
on the process.

4. “End the pracice of awarding business on the basis of price tag.
Instead, minimize total cost. Move toward a single supplier for any one item,
on a long-term relationship of loyalty and trust.” Price and quality go hand
in hand. Trying to drive down the price of anything purchased without regard
{0 quality and service can drive good suppliers and good service out of busi-
ness. Single-source suppliers arc desirable for many reasons. For example, a
single-source supplier can become innovative and develop an cconomy in the
production process that can only result from a long-term relationship with
their purchaser. Another advantage is that often the lot-to-lot variability within
the process of one supplier process is enough to disrupt the purchascr’s pro-





[image: image11.png]cess. Only additional variation can be expected with two suppliers. To qualify
2 supplier as a source for parts in & manufacturing process, perhaps it is better
o first discard manuals that may have been used as guidelines by unqualified
examiners when visiting suppliers 0 rate them. Instead suppliers could be
asked to present evidence of active involvement of management that ence
ages the application of many of the S* concepts discussed in this text. Speci
note should be given 1o the methodology used for continual process improve
ment.

S. “Improve constanily and forever the system of production and servic
1o improve quality and productivity, and thus constanily decrease cosis
There is a need for constant improvement in test methods and a better un-
derstanding of how the customer uses and misuses a product. In the past,
American companies have often worried about meeting specifications, while
the Japanese have worried about uniformity (i.c., reducing variation about the
nominal value). Continual process improvement can take many forms. For
example, never ending improvement in the manufacturing process means that
work must be done continually with suppliers to improve their processes. It
i important to note that putting out “fires” is not a process improvement.

6. “Institute training on the job.” Management needs training 1o leam
about the company from incoming materials (with an appreciation of varia-
tion) fo customer needs. Management must understand the. problems the
worker has in performing his or her tasks satisfactorily. A large obstacle exists
in training and leadership when there are flexible standards 1o acceptable
work. The standard may often be most dependent on whether a foreperson is
having difficulty in meeting a daily production quota. It should be noted that
‘money and time spent will be ineffective unless the inhibitors to good work
are removed

7. “Institute leadership. The aim of supervision should be 1o help people
and machines and gadgets to do a better job. Supervision of management is
in need of overhaul, as well s supervision of production workers." Manage-
ment i to lead, not supervise. Leaders must know the work that they super
vise. They must be empowered and directed (o communicate and act on
conditions that need correction. They must leam to fix the process, not react
to every fault as if it were a special cause, which can lead (0 a higher defect

rate.

8. “Drive out fear; so that everyone may work effectively for the com-
pany.” No one can give their best performance without feeling secure. Em-
ployees should not be aftaid to express their ideas o ask questions. Fear can
take many forms, resulting in impaired performance and padded figures. I
dustries should embrace new knowledge because it can yield better job per
formance, not be fearful of this knowledge because it could disclose some of
our failings

9. “Break down barriers between departments. People in rescarch, de-
sign, sales, and production must work as @ team 1o foresee problems of pro






[image: image12.png]duction and in use that may be encountered with the product or service.”
Teamwork is needed throughout the company. Everyone can be doing superb
work (c.g., design, sales, manufacturing), and yet the company can be failing.
Why? Functional areas are suboptimizing their own work and not working as
4 team for the company. Many types of problems can occur when comm-
nication is poor. For example, service personnel working with customers
Know a great deal about their products: however, it is unfortunate that there
s often no routine procedure for disseminating this information.

10. “Eliminate slogans, exhortations, and targets for the work force asking.
Jor zero defects and new levels of productivity. Such exhortations only create
adversary relationships, as the bulk of the causes of low quality and low
productivity belong 10 the system and thus lie beyond the power of the work
Jorce” Exhortations, posters, targets, and slogans arc dirceied at the wrong
people, causing general frustration and resentment. Posters and charts do not
consider the fact that most trouble comes from the basic process. Management
needs to leam that its main responsibility should be to improve the process
and remove any special causes found by statistical methods. Goals need to
be set by an individual for the individual, but numerical goals set for other
people without a road map 1o reach the objective have an opposite effect in
achieving the goal.

11a. “Eliminate work standards (quotas) on the factory fioor. Subsiitute
leadership.” 1t is incompatible 1o achieve never-ending improvement with &
quota. Work standards, incentive pay, rates, and picce work are manifestations
of management's lack of understanding, which leads to inappropriate super-
vision. Pride of workmanship needs o be encouraged, while the quota system
needs to be climinated. Whenever work standards are replaced with leader-
ship, quality and productivity increase substantially and people are happier
on their jobs.

11b. “Eliminate management by objective. Eliminate management by num-
bers, numerical goals. Substitute leadership.” Goals such as “improve pro-
ductivity by 4 percent next year” without a methed are a burlesque. The data
behind plots that track these targets are often questionable; however, a natural
fluctuation in the right direction is often interpreted as success, while small
fluctuation in the opposite direction causes a scurry for explanations. If there
is a stable process, a goal is not necessary because the output level will be
what the process produces. A goal beyond the capability of the process will
not be achieved. A manager must understand the work that is to be done in
order 1o lead and manage the sources for improvement. New managers often
short.circuit this and instead focus on oufcome (e.g., getting reports on qual-
ity, proportion defective, inventory, sales, and people).

12a. “Remove barriers that rob the hourly worker(s) of their righ to pride
of workmanship. The responsibility of supervisors must be changed from sheer
numbers to quality.” In many organizations the hourly worker becomes a
commodity. They may not even know whether they will be working next






[image: image13.png]week. Management can face declining sales and increased costs of almost
everything; however, it is helpless to face the problems of people. The estab-
Jishment of employee involvement and participation plans have all been a
smoke scieen. Management needs to listen and comect problems with the
process that are robbing the worker of pride of workmanship.

12b. “Remove barriers that rob peaple in management and in engineering
of their right to pride of workmanship. This means, inter alia, abolishment
of the annual or merit rating and of managing by objective.” Merit rating
rewards people that are doing well in the system; however, it does not reward
attempts to improve the system (i.¢., don’t rock the boat). The performance
appraisal erroneously focuscs on the end product, not leadership o help peo-
ple. People that are measured by counting are deprived pride of workmanship.
The indexes for these measurements can be ridiculous. For example, an in-
dividual i rated on the mumber of meetings he or she aitends; hence in
negotiating a contract, the worker extends the number of meetings needed to
reach a compromise. One can get a good rating for “firc fighting” because
‘the results are visible and quantifiable, while another person only satisficd
requitements because he or she did the job right the first time (i.c., mess up
your job and correet it later to become @ hero). A common fallacy is the
Supposition that it is possible 1o rate people by putting them in rank order
from last year's performance. There are too many combinations of forces (i.c.,
the worker, co-workers, noise, confusion, etc.). Apparent differences in people
will arise almost entirely from these actions in the system. A leader needs o
be a colleague and counselor that leads and lears with his or her people on
a day-to-day basis, not be a judge. In absence of numerical data, a leader
must make subjective judgment when discovering who, if any, of his or her
people are outside the sysiem (on the good or the bad side) or within the
system.

13, “Institute a vigorous program of education and self-improvement.” An
organization needs good people that are improving with cducation. Manage
ment should be encouraging everyone (o get additional education and self-

improvement

14. “Put everybody in the company to work 1o accomplish the transfor-
mation. The transformation is everybody's job.” Management needs to take
action to accomplish the transformation. To do this, first consider that every
job and activity is part of a process. A flow diagram breaks a process into
stages. Questions then nced to be asked about what changes could be made
t0 each stage to improve the effectiveness of other upstream or downstream
stages. An organization structure is needed to guide continual improvement
of quality. Statistical process control (SPC) charts are uscful 1o quantify
chronic problems and identify the sporadic problems. Everyone can be a part
of the team effort to improve the input and output of the stages. Everyone on
2 team has a chance to contribute ideas and plans. A team has an aim and
goal toward meeting the needs of the customer.






Exercise 6:  Changing Habits

Six Sigma is a data-driven philosophy and process resulting in paradigm shifts in the way a company behaves, treats its customers, and produces its products.  This requires changing beliefs and habits of an organization and its people.  But, as we all know, changing habitual patterns of behavior is difficult.  We shall illustrate this with a simple experiment, which was conceived by industrial engineering pioneers Frank and Lillian Gilbreth.  These have been used to train managers and college students in the principles of continuous improvement.

Task 1:  Habit

a. Ask a group to divide itself into pairs (two person teams).

b. Give each pair 15 blank cards.

c. Ask one person in each pair to write the words continuous improvement 15 times, each time on a fresh card without looking at the previous card, and the other person to time how long it takes to write each card, as well as to record the number of errors.

Task 2:  Process Simplication…Reengineering 1

a. Begin by saying to the group, “Now I am going to simplify your work by reducing your workload in half.”

b. Give each pair 15 new blank cards.

c. Ask the same person in each pair to write the words continuous improvement 15 times, but this time leaving out alternate letters.  Namely, write the first letter but not the second, then the third letter but not the fourth, and so on. Ensure that the person timing the experiment removes each card from the writer’s view as soon as it is written to avoid copying from a previous card.  The other person also records the time it takes to write each card as well as the number of errors.

Task 3:  Process Simplification and Modification…Reengineering 2

a. “This time your work will not only be simplified, but its flow will be rearranged.” 

b. Give each pair 15 blank cards.

c. Ask the same person to write the words continuous improvement backwards, as well as leaving out alternate letters.  (The two words must be written from left to right.  As before, the writer’s partner times each cycle, records the number of errors, and prevents the writer copying from previous cards.  In addition, the instructor should put a little pressure on the writers with comments like, “You’d better get it right, “ and “Don’t produce any defects.”

Task 4:  Imitation/Learning Actively

a. After about four or five tries in Task 3, provide each writer with a template, which correctly spells continuous improvement backwards leaving out alternative letters.

b. The writer’s partner again records the cycle time and number of errors.

Questions

1. What are your observations and findings in Task 1?

2. What are your initial observations and findings in Task 2?  How do they change over time?  What behavioral and managerial lessons can be gleaned from this task?

3. What are your observations and findings in Task 3?  Contrast these with respect to Task 2 in terms of the learning curve.

4. What are your observations and findings in Task 4?  What are the managerial lessons?

Figure 1:  Six Sigma – Goal
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Sigma is a statistical unit of measure that reflects process capability.  The sigma scale of measure is perfectly correlated to such characteristics as defects-per-unit, parts-per million defective, and the probability of failure/error.

Six Sigma corresponds to 2 parts per billion if process is centered.

Figure 2:  Why Estimate Cost of Quality?

· Quantify the Cost of Quality for the Business
· Identify magnitude of potential savings
· Sensitize Management to the size of the opportunity
· Help to re-expose problems we have learned to tolerate
· Identify the Highest Loss Areas
· Permit Prioritizing the Loss Areas for Corrective Action
Figure 3a:  Measured and Hidden Costs of Quality

(Iceberg Principle)
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Figure 3b: Cost of Quality Failures Worksheet

	Failure Cost Categories
	Estimated Annual Costs

	
	

	Measured Cost of Quality
	

	
	

	   Internal
	

	        Waste, Scrap
	___________________

	        Rework
	___________________

	        Reinspect
	___________________

	   External
	

	       Warranties
	___________________

	       Guarantees
	___________________

	       Concessions
	___________________

	
	

	Hidden Cost of Quality
	

	
	

	Internal
	

	   Troubleshooting and failure analysis
	___________________

	   Evaluation to determine usability of off 

      specification material
	___________________

	   Engineering changes, redesign, buy-offs
	___________________

	   Costs of reviewing quality problems (i.e.,    

      replanning, meetings, expediting, 

      firefighting, reports, etc.)
	___________________

	   Inventory costs on held material
	___________________

	   Overtime because of quality problems
	___________________

	   Late shipment premiums (delayed  

       collections)
	___________________

	   Material handling
	___________________

	   Tool & fixture redesign
	___________________

	   Machine wear
	___________________

	   Fringe benefits on labor
	___________________

	   Loss of productivity due to rework, scrap
	___________________

	
	

	External
	

	   Loss of market share due to poor quality 

      reputation
	___________________

	   Loss of profitability
	___________________

	   Loss of bond credit rating
	___________________

	   Other
	___________________

	
	___________________

	
	___________________

	
	___________________






Total Hidden

___________________




Grand Total

___________________
Figure 4:  Economics of Quality – Example 1

	
	

	TV Units Sold
	5 million



	Estimated Revenues (5 x $500 per set)
	$2.5 billion



	Estimated Earnings (5% of sales)
	$125 million



	Scrap (Measured)
	$12 million



	Total Cost of Quality (Measured & Hidden)
	$72-600 million



	Cost of Scrap per TV (12M/5M)
	$2.40 per unit



	Total Cost of Quality

    (M+H) per TV Sold

    (6/1 to 50/1 Iceberg)


	$14.40 - $120

	% Total Cost of Quality

    per TV/Selling Price

    (14.40/500 – 120/500)


	3% - 24%

	What if we could cut losses in half?
	

	½ x $12,000,000
	$6,000,000

	If Iceberg is between 6/1 to 50/1
	$36,000,000 to $300,000,000

	
	

	Recall:  Total net earnings were?
	$125 million


Figure 5:  Where does U.S. Industry stand?
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Figure 6.  Six Sigma Can Be Applied To Every Business Function
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Figure 7:  Six Sigma and Beyond
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57 for the control group. The difference
was highly significant, both financially
and stristically

Next, the team contacted randomly
chosen customers who had paid latc and
asked why they had been late. Fully 70
percent of the reasons for late payment
were factors under the company's ontrol
(e invoice enors o the bill being sent
wrong address). The team constucted a
Pareto disgram and st about orrectng the
biggest problem areas. Within six months,
the average age of uncollected invoices
dropped 1o 37 days. The resuling sav.
ings were substantial
W Printed wiring board componens
The Six Sigma team received its project
from the material reviess board. The MRE.
dentified the project as a significant and
chromic contributor 10 the problem of
failures at final product tes. The asscmbly
was a complicated picce of hardware and
final test failures caused shipping delays.
resulting in penaltes and loss of customer
goodwill. The eam’s project focused i the
PWB asscmbly area. There were three
major subprojects: erors at manual inser-
tion, errors at automated insertion and
errors at semi-automated insertion. A few
examples of the issucs addressed include
Kiting errors, the layout of the manual
insertion workstatio, the positioning of
axial lead parts on the automatic insertion
machine’s parts tape and the speed at
which semi-automated inserton was per-
formed. Problems were prioritized and
addressed, leading (0 2 dramatic eduction
of test failures.
W Cycle time-—The team was chartered
by a program manager (o help the com
pany introduce new programs more
quickly. The company would often intro-
duce a new design into manufacturing
only to find that it couldn't be produccd,
which resulted in quality and schedule
problems. The team’s project-—one of
several—involved establishing the capa-
bty of complex numerically controled
‘machining equipment. This was impor
tant because the company manufactured a

tremendous variety of complex parts in
very low volume. Standard SPC was dif-
ficult hecase production runs were both
short in duration and small in quantity.
The Six Sigma team wanted to develop
the ability 1o de cifa
particular engineering design could be
produced at all and. if so, which CNC
machine should produce it To solve their
problem, team members designed a spe
cial test part that put each CNC machine
through a complete series of tasks. The
parts were then inspected and the results
used to determine machine capability for
each type of machine movement (c.g.,
drilling small holes, milling a surface or
machining a groove). This data was used
to evaluate proposed engineering designs
for manufacturability, for make-by deci
sions and 1o select CNC machines 10 pro.
duce specific paits.

W Injection molded parts—Th
Sigma team was chartered 1o evaluate a
problem with field failures of molded
plastic pars. Members began by repli
cating the problem with production pars
The problems were resolved within a few
weeks when the team identified a new
process as the cause of the core problem.
“The process mixed two differcnt plastic
components at the injection-molding.
machine, as opposed 1o the single hopper
and pre-mixed matcrial of the previous

process. If not properly mixed, the carbon
black component would stratify and the
product would fracture atthe stratification
when exposed to low temperatures

For more examples, visi the expand-
ed online version of this column at
www qualitydigest.com/currentmag/himl/

sixsigma himl.
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