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ABOUT THE AUTHOR

With more than three decades of expertise in the business of machining, Patrick
Tarvin constructs a blueprint for machining organizations of all types to achieve
success and growth. He completed the machinist training program from one of the
all-time great machine tool builders - Cincinnati Milacron. He financed his engi-
neering education as a machinist and went on to earn an MBA and complete nu-
merous Lean and Six Sigma programs. He has been a customer and supplier of
machined components at both large and small organizations. He has led numerous
acquisitions and turnarounds of machining facilities, and he has held every man-
agement and engineering position from machinist to plant manager. He is a ma-
chining industry expert who has proven experience integrating technology with
lean processes and traditional machining fundamentals to create strong, agile, and
winning organizations, a veteran of the aerospace, medical, automotive, and capi-
tal equipment industries. His exposure to nearly all types of machine processes, all
levels of volume, push/pull, and five-ERP installations, provides the platform for
Mr. Tarvin to bridge theoretical business practices with the real world problems
faced by machining organizations in a hyper-competitive global economy. His pas-
sion is to help Western machining companies succeed and anchor a revitalized
manufacturing sector based on innovation and technology.



INTRODUCTION

While some manufacturing processes simply disappear or glacially creep forward
due to changing technology, machining has displayed more than a century of evo-
lutionary and revolutionary progress. Just as manual machine tools gave way to NC
machine tools, which led to CNC machine tools, the machining industry is now
entering its next generation. Only this time, the technological advancements are as
much outside the machine tool as within.

The intent of all technological advancements in the machining universe is to
increase productivity and precision with less involvement of the endangered spe-
cies known as the machinist. Connectivity, data, and digitization are providing
opportunities for significant improvements in modeling, programming, simulation,
machine/people productivity, and real-time decision making. Advances in chip
technology and processing speeds yield more sophisticated controls. Software en-
hancements create advanced CAM systems, which interpret more complex models
and produce higher precision programs.

This book demonstrates how to integrate these technological advancements with
Lean /Six Sigma, CNC programming, quality, and machining best practices to cre-
ate an agile machining organization, capable of winning against competition any-
where in the world. Technology by itself is not the answer. It is an enabler.

This book is not about cutting speeds or vibration analysis. It is about the business
of machining and how to develop the infrastructure and people to provide not only
profits and growth, but long-term sustainability.

Whether machining is just part of your business or “all” of your business, this
book is for those at all levels of the company who must develop the machining
strategy or execute the machining strategy.

While most publications are written for only executives, I have deliberately de-
signed this publication for the entire organization. The role of everyone on the or-
ganizational chart or in the shop is discussed and reviewed. The premise of the
book is that the demands of global competition on the modern machining organiza-
tion are so great that success requires a foundation of leadership, people, equip-
ment, quality, IT, robust processes, and all employees executing to yield excep-
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tional quality, delivery, and profits. Since I examine the soft skills, hard skills,
software, hardware, and all the business processes that winning machining organ-
izations must integrate, I do not go a mile deep into any single topic. Other authors
have created books for Lean, Six Sigma, supply chain, information technology, etc.
I provide the reader with an overview of these topics and over how the varying
types of machining companies should employ them to create the architecture and
blueprint for high performance.

There are experts in every field that I discuss who possess extreme knowledge in
their specific area of focus. There are companies, mostly large organizations with
extensive resources, which already successfully apply some or many of my recom-
mendations. Most experts ignore or minimize other functional areas of the machin-
ing organization outside of their niche. What I present is a holistic approach to real
world machining problems, gained from decades of servicing the most demanding
customers in multiple industries. There is no replacement for remaining in a lead-
ership position for five-plus years at a machining facility and living through the
successes and failures that result from the decisions you made. I have had this
opportunity on four occasions in four different industries: capital equipment, tool
and die, medical, and aerospace. Leaders hire, develop, and mentor technical
teams. They lead teams that acquire and install complex equipment, processes,
and software, and they answer to unhappy customers, suppliers, and employees. It
is easy for consultants and academia to preach zero inventory, but when the supply
chain falters, it is the plant manager who is responsible for enacting recovery
plans, it is the plant manager who is responsible for fixing the problem, it is the
plant manager who forces overtime, it is the plant manager on daily calls with the
customer, and the plant manager is responsible for poor P&L due to expediting
costs and schedule disruptions. These experiences develop the wisdom to decide
when to carry inventory, whom to hire, how to develop teams, how to motivate peo-
ple, when to create lean cells, how to improve CPk, how to manage a supply chain,
and how to focus on customers.

Human learning, technology, and productivity have surged throughout history, as
new forms of communication have been introduced: writing, printing, photogra-
phy, radio, TV, and the internet. Will connectivity through the Internet of Things
(IoT) and Industry 4.0 be the next catalyst? Through these mediums and with our
personal experiences we all stand on the shoulders of those who came before us.
I am no exception. For all those listed in my bibliography and all my peers through-
out my career, who will recognize many of the topics and solutions I discuss—thank
you!

If you are in the machining business, you are running two races at the same time.
You are running the 100-meter sprint at this very moment to deliver to your cus-
tomer this week, and you are running a marathon to develop the people, software,
and processes your customers will require in the coming years. Let us get started.
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I believe that machining is the most challenging type of manufacturing process
from a technical and managerial perspective. Contributing to this is a lengthy era
of rapid change, constant pressure to innovate in order to reduce cost, and erratic
global markets. From a technical perspective, the high number of input variables
that must be controlled to produce complex geometries, precision tolerances, and
flawless surface finishes exceeds the demands from other manufacturing pro-
cesses. A die or mold will produce thousands and possibly millions of components
with no appreciable wear. Assembly processes, by nature, have no wear and little
variation other than the variation driven by the lower-level components. Con-
versely, during machining the cutting tools begin to wear on the first part, and
there may be dozens of cutting tools on any given operation. Developing economies
consistently begin with assembly, fabrication, and continuous process industries
(chemical, food) because of these facts. Only later do they begin repetitive machin-
ing of high-volume components with simple geometry and open tolerances.
Low-volume or batch-volume machining of medium to high complexity is still the
domain of advanced economies in Western Europe, North America, and Japan.
Often overlooked are the infrastructure requirements to produce critical aerospace,
medical, and energy-related products. In low-cost regions, the integrity of the raw
materials, heat treat, and chemical coatings is a grave concern.

Manufacturing has evolved in Western developed economies. We started with craft
production, moved to the replaceable components of Eli Whitney, through the
assembly lines of Henry Ford, and finally onto the Toyota Production System, and
now, mass customization. Over the last two decades, machining, or more accu-
rately, Computer Numerical Controlled (CNC) machining and its family of support
technologies, have further evolved to the level that we need a new approach to
management and technology implementation.

The ability to collect and share real-time data, store and retrieve mass amounts of
process documentation, and advances in CAD/CAM accompanied by game-chang-
ing metrology and machine tool developments have created a data-connected fac-
tory far surpassing productivity and quality potential of past years. Gone are the
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days of problems building undetected and, once detected, waiting for a team to be
assigned until the problem could generate a large enough savings to justify resolv-
ing. The new model is people, equipment, and data to create robust processes on
day one and the breadth of talent and detection to sustain and continuously im-
prove processes 24/7.1 call this management system for modern machining organ-
izations the machining pyramid (see Figure 1.1).

The Machining Pyramid that I am going to discuss is a holistic approach to organi-
zational success for a manufacturing company, with specific emphasis on machin-
ing. It is an integration of many business and technical practices combined with
my 30 years of success in diverse machining facilities. Many organizations fail to
achieve expected results despite management changes, consultants, lean imple-
mentation, capital investments and other initiatives. Understanding the Machining
Pyramid will display the management system and infrastructure that must be in
position to optimize and connect upstream and downstream machining activities.

We learned about pyramids as children. We drew pyramids, we saw them on TV
and in cartoons, and most of us have made human pyramids at one time. We cer-
tainly still see them today formed by cheerleaders at basketball games. More im-
portantly, we know that the ancient Egyptian pyramids remain well preserved and
standing strong after several thousand years.

What you have never seen at the basketball game is the top cheerleader placed in
position prior to all the base layers. It is highly probable that when drawing a pyr-
amid you will draw the base layer first. It only seems to be in business that we seek
to build the pyramid from the top. In manufacturing, especially machining, we
need to build from the bottom and not the top. How many times has someone in
your organization stated, “we need to improve our on-time shipments”, or “we need
to reduce scrap”, or the ultimate construction-from-the-top-of-the-pyramid pro-
nouncement, “we need to increase profit margins”. The simple reason that these
wishes (scrap, on-time deliveries, profits) are upside-down construction is that
they are not actions that any given employee or group of employees can perform.
They are, in reality, percentages.

Each one is a metric with a numerator and a denominator that represents thou-
sands of outcomes and is influenced by dozens of variables. They are, in fact, by-
products of performing other tasks. They are not themselves tasks which can be
performed. If you seek improved cost of quality, delivery, or profit, you must per-
form all the tasks better that aggregate into the numerator or denominator.

For example, profit margin for a given month is an average of the profit for each
product shipped during the month. This can be hundreds or thousands of unique
components, assemblies, fabrications, etc. The profit on any one item is influenced
by the sale price (or for some organizations an internal transfer price) and the total
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actual cost to produce the item. The sales price can frequently vary and is particu-
larly subject to swings at contract shops and design/build organizations. Total ac-
tual cost will vary due to the cost of the material, expediting outside processes, any
scrap or rework incurred, and the amount of direct labor at each operation. If your
company shipped 100 unique items during the month, and each item required an
average of six manufacturing steps (also called operations), then you performed
six hundred operations during the month. Each operation was an opportunity to
scrap the items or to significantly overrun the expected labor. Each operation also
required some level of setup, first piece inspection, tooling changes, and possibly a
handoff between shifts. You may have been successful on 575 operations, but the
other 25 operations generated enough scrap/rework or additional labor to reduce
the profit margin.

Let us look a little deeper at the “tasks” that have to go right to be successful on
“each” of the six hundred machining operations performed each month. The ma-
chine tool needs to be available and capable of holding the tolerance on the print;
the cutting tools, fixtures, and inspection devices need to be located, accurate, and
set up correctly; the machinist needs to be properly trained and must not commit
errors or spend excess time; the CNC program needs to be accurate and provide
enough documentation for the machinist to understand how to set up holders, tool-
ing and fixtures without creating scrap or using excess time; the parts have to be
correct from each preceding operation, and in general the overall process created
by your engineering or processing group needs to be lean and statistically capable
of producing parts within tolerance. All this is challenging when you are machin-
ing the same or similar product each month—sometimes referred to as high vol-
ume/low mix. For organizations that are producing new components, that have
varying quantities and little visibility to customer demand—sometimes called low
volume/high mix—managing these tasks is extremely challenging.

As a result, to improve the profit margin you not only need to improve the underly-
ing tasks discussed above, but the tasks must be executed on all shifts, for all oper-
ations, on new or old parts, and with experienced or new machinists.

On-time shipments and scrap/rework have completely other sets of tasks which
must be executed for each operation, each shift, each day, and each month. These
“tasks” are the execution level of building blocks on our Machining Pyramid.

Lean Manufacturing and Six Sigma are an important part of our Machining Pyra-
mid. Your product mix, volume, and overall business model will determine the de-
gree to which you can employ these tools to manage your operations. I believe
there exists a separate foundation to your business that, if strong, will allow you to
develop and optimize lean tools and Six Sigma tools.

So, our Machining Pyramid begins with a bottom layer that I call the foundation
layer (see Figure 1.1). This consists of five strong blocks that, when properly estab-
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lished, will support all organizational activities in good times and in bad times. We
are building our pyramid to last for decades. We are building our pyramid to sur-
vive earthquakes, storms, and time. Our layers are not just blocks sitting on top of
each other. We are building a Machining Pyramid with three-dimensional inter-
locking blocks. The foundation layer consists of people, equipment, information
technology, quality system, and leadership.

There are many ups and downs to owning and operating any business. Manufac-
turing organizations encounter additional challenges. In addition to the typical
economic cycle of boom and bust, the ordinary manufacturing enterprise will peri-
odically lose a key customer, key personnel, or perhaps a key supplier. The manu-
facturer also periodically must reinvent their products or services, face recalls or
serious quality escapes, and other man-made or natural catastrophes. Through it
all, a properly instituted foundation layer will provide the strength, wisdom, depth,
and breadth essential to negotiate troubles with minimal disruption and stress.

Resting above and interlocked with the foundation layer is the skill layer. These are
the tools that will be employed to create processes superior to your competitors,
innovative processes that yield better quality and productivity, processes that are
easier to manage, simpler, and more reliable. This layer consists of CNC program
validation, routing integrity, lean manufacturing, and Six Sigma. In the machining
industry, it is not enough to have robust processes that are innovative. All methods
and steps must be documented, controlled, and repeatable, so that months or years
later the same results can be achieved without additional setup, debug, or scrap.
According to the SIC data, there are more than 35,000 organizations performing
machining in the U.S. alone. These companies employ diverse business models to
satisfy their customer requirements and compete within their niche. I explain how
to tailor lean manufacturing and Six Sigma to the various types of machining or-
ganizations: original equipment manufacturers, contract machine shops, machin-
ing job shops, and high-volume machining.

Now that our foundation layer has provided the human and material elements and
the skill layer has created our robust processes, we are ready to manufacture our
parts every shift, month, and year. Hence, the next layer is our execution layer. It
consists of scheduling and capacity management, operations management, and the
supply chain. The execution layer is where we convert the raw material into fin-
ished products.

The fourth and fifth layers of our Machining Pyramid are the result layers. If we
have been successful on our lower levels, our results will yield low scrap/rework,
on-time deliveries, and profits. I will review how to create appropriate metrics to
drive improvement further, interpret trends and the relationship of the three re-
sult layer blocks.
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There will be a chapter devoted to each building block. We will discuss why each of
these building blocks is essential, examine the nuances of each, and determine
how to measure and optimize for your organization.

A successful company establishes the base layer of their Machining Pyramid as
the foundation for success. By executing the functions on the middle layers of the
Machining Pyramid your team is positively influencing the individual data points
that aggregate into success on the upper layers—low scrap, better on-time delivery,
and higher profits.

There are no shortcuts to success in the competitive machining world. You may
have some of the building blocks in position, but without your entire Machining
Pyramid in place you will limit your growth and profits. The Machining Pyramid is
an architectural structure that incorporates hierarchical requirements. A building
will not stand with missing columns or missing floors. Your machining operation
is the same. Good machine tools without the corresponding metrology equipment
or adequate CNC programming will not perform to expectations. People and tech-
nology will be thwarted by a lack of scheduling and capacity management capabil-
ities. You cannot be strong in some areas and weak in others—it just does not work
in machining.

If our chosen profession was the restaurant industry, we could purchase a fran-
chise and would be provided with a menu, building architecture, dining layout,
kitchen equipment, advertising, daily raw-material deliveries as well as training
programs, and we would have every business function planned and standardized.
There are no franchises in manufacturing, but for machining organizations the
Machining Pyramid provides a customizable framework that delivers as close to a
franchise as feasible.



A

account manager 181, 199, 200, 201
acquisition 11, 38, 52, 55, 60, 63, 67, 71,
75,78, 79, 106, 139, 162, 164, 200, 205,

206, 208, 209, 103

Adam Smith 225

Adaptive Machining 47, 105

additive 47, 218

Advanced Planning 125, 130

aerospace 11,74, 15, 26, 118, 124, 139, 145,
147,167, 173, 178, 200, 205, 218, 220

agile 11,13, 148, 162, 219

Airbus 205

A-players 46, 55, 56, 158, 210

APS 125, 131

Artifact /5

AS9100 26, 124, 180

assignable variation 99

attending ratio /0

automation 60, 64, 68, 69, 71, 84, 118,
124, 148, 153, 154, 173, 197, 216

B

baby boomer 671, 108, 143, 192

Belgium 222

bill of material (BOM)

black hole 77, 136, 187

Boeing 205

borderline quality 24, 25, 30, 93, 94,
155, 156, 159, 214

bottlenecked 23

12,118

bottlenecks 67, 88, 107, 123, 137, 139,
146, 147, 148, 149, 175

c

CAD/CAM 15, 64, 79, 84, 157

Canada 222

CAPA 40

carnivore 202

ccount manager 201

cellular manufacturing 90, 121, 129

China 222

CMM 33, 34, 35, 41, 51, 52, 53, 68, 78,
82, 84,102, 173

CNC programming
105, 108, 177

Company L 121, 123, 165

Company L. Quality 765

continuous improvement 25, 26, 39, 55,
57,87, 90, 91,109, 111, 113, 125, 126, 139,
142, 150, 154, 155, 157, 161, 167, 187, 214,
216, 224

coordinate measuring machine 33, 52,
82,102

core competency 63, 76, 81, 95, 161, 162

corrective and preventative actions 26,
40

cost of quality 16, 155, 172, 173, 189

Council of Supply Chain Management
Professionals (CSCMP) 763

CPk 14, 24, 28, 30, 56, 75, 93, 95, 97,
99, 100, 155, 219

Critical to Quality (CTQ)

13, 20, 51, 78, 79, 82,

30, 93, 97



cross-training

CSCMP 163

CTQ 93, 97

culture 25, 39, 40, 46, 57, 60, 88, 90,
105, 106, 123, 142, 143, 144, 155, 162, 177,
179,187, 103, 103

138, 144, 180, 193, 214

D

datum 30, 32, 93, 94, 99

defects 43, 91, 93, 94, 97, 171

Designated Quality Representatives 41

Design for Manufacturability 38, 92, 118,
166

digitization 13, 84

Dimicco 221, 223, 230

DMAIC 97

DQR 41

E

ecosystem 217, 218, 220, 227

EDM 48, 65, 66, 72, 79, 148, 215

efficiency 43, 149, 151

Electronic pull signals

Embraer 206

emotional intelligence 55, 142, 143

Enterprise Resource Planning 80

ERP 25, 59, 60, 81, 112, 125, 126, 130, 131,
136, 137, 152, 176, 210

ERP scheduling 84

Exchange Rate 217, 223, 224

126, 127

F

First articles 41

floor programming 67, 194
Forbes 192, 229, 231, 232
Fraunhofer Institute 226
frozen processes 147

G

Gage R&R 41, 101, 155

Geometric Dimensioning & Toleran-
cing 24, 36, 48, 92

geometry 15, 36, 50, 65, 66, 102, 139,
191,192, 219

Germany 59, 226

glass scales 66

Goldratt 748, 230

Good Manufacturing Practices 29

Grob Industries 792

gross profit 185, 186, 188, 189

H

hard mill 65

Harvard 217, 221, 231, 232

Henry Ford 226

herbivore 202

hiring 46, 90, 142, 143, 157, 172, 206
horizontal machining 64

horizontal machining center 69, 112, 117

industrial commons 217

Industrial Internet of Things 35, /77, 84

Industry 4.0 14, 61, 77, 84, 218, 229, 230,
232

innovate 15, 45, 65, 215, 219

innovation 71, 46, 51, 57, 59, 69, /1, 135,
153, 154, 187, 195, 199, 214, 217, 218

intellectual capacity 743

intellectual property 80, 108, 129

ISO procedures 27, 42, 91, 111

ISO standard 26, 27

J

Japan 15, 36, 59, 136, 164, 222, 223, 227
Japanese 171

jiggrind 65

Jobs 67



K

Kaizen 27, 39, 66, 71, 72, 108, 123, 144,
215, 230
Kanban
128
kinematics 57
Kodak 764

120, 121, 122, 123, 124, 125, 126,

L

laser 68, 72, 191, 218
lathe 50, 65, 66, 148
Lean 11,13,17, 70, 71, 72, 87, 88, 89, 120,
127, 134, 141
Lean advocates
Lean all 87,120
Lean application 87
Lean aspiring 120
Lean cell 74, 111, 121, 213
Lean challenges 87
Lean concepts /72
Lean doctrine 83
Lean experts 60, 136
Lean flow 135
Lean fundamentals

19, 124

87, 88

Lean implementation 16, 87
Lean initiatives 137

Lean journey. 137

Lean little 88, 120

Lean Manufacturing 18, 19
Lean philosophy 724, 135
Lean practitioners 97, 119, 149
Lean principles 125, 127

lean processes 11, 2/

Lean techniques 52

Lean tenants 90

Lean tools 18

learning organization

letter of intent 206

leverage 28, 56, 64, 75, 81, 84, 118, 166,
178, 186, 200, 231

long-term agreement 118

LTAs 128

40, 162, 214, 230

M

machinability 50

machine tool 11, 13, 20, 33, 51, 55, 56,
64, 68, 70, 72, 75, 76, 77, 78, 82, 95, 98,
105, 106, 107, 112, 118, 122

Machine tool accuracy 98

Machining Pyramid 16, 23, 25, 42, 46,
52, 55, 65, 84, 89, 94, 95, 97, 111, 113,
120, 130, 137, 145, 189, 197, 206, 208, 217

Machinist 49

macro-capacity 746

maintenance 46, 48, 63, 64, 65, 75, 78,
83, 88, 106, 107, 141, 144, 147, 149, 150,
159, 192, 206, 207

manufacturing 57

manufacturing assessment 208, 209

manufacturing due diligence 208

manufacturing engineer 52, 72, 93, 94,
m, 14

manufacturing engineering 166

manufacturing engineers 192

math 37, 191, 192, 220

mathematical 57, 52, 135

measurement error 32, 82, 99, 102

Mega-data 279

mercantilist trade practices 223

metrics 19, 24, 25, 40, 42, 43, 77, 84, 94,
95, 113, 129, 150, 152, 153, 155, 157, 160,
167,172, 173, 189, 206, 208, 210, 213

metrology 15, 20, 28, 34, 36, 41, 42, 5],
53, 56, 64, 77, 82, 100, 117, 152, 154, 157,
177,189, 191, 208, 213, 215, 218

Mexico 221

micro-capacity 746, 175

mill/turn 65, 154

Mission Impaired Capability Awaiting
Parts 791

N

NAFTA 221

non-conformance 23, 24, 26, 39, 40, 42,
155, 156, 172, 197



o

Ohno 128

Oliver Cromwell 743

OMNIVORES 202

one-piece flow 135

on-time delivery 17, 20, 23, 26, 129, 131,
171,175, 177, 179, 181

organizational 210

organizational niche 56

organizational structure 60, 181, 210

original equipment manufacturer 79, 118,
119, 120

orthopedic 29, 38, 173

overdesign 92, 94

P

pharmaceutical

Pisano 217, 218

plant manager
192, 202

post processors 83

precision 13, 25, 28, 29, 63, 64, 95, 100,
101, 137, 146, 147, 148, 191, 192

precision metrology 28

precision tolerances 15, 100

process data /7, 152

Producing Prosperity 217

Product Data Management /9

production control 117, 128, 141, 179

productivity 13, 15, 19, 23, 33, 46, 53, 59,
63, 69, 71, 74, 77, 81, 88, 93, 129, 136,
139, 148, 157, 159, 173, 189, 195, 197, 213,
218

productivity multiplier 46, 47, 153, 154

product lifecycles 80, 130, 163

pull system 119, 120, 121, 123, 124, 125,
126, 127, 128, 130

208, 220

11,14, 59,119, 177, 179,

Q

quality 13,74, 17,19, 23, 24, 25, 26, 30,
37, 38, 40, 43, 45, 52, 53, 55, 59, 60,
64, 65, 66, 68, 73, 74, 77, 80, 88, 90, 93,
97,101, 108, 111, 113, 120, 127, 132, 136,
139, 141, 142, 147, 148, 152, 158, 159, 161,
164, 171,172, 173, 174, 175, 177, 181, 186,
191, 195, 199, 207, 208, 211, 213, 216, 218

quality at the source 28, 42, 53, 214

quality culture 23, 159

quality department 33, 82, 154

quality engineer 41, 51, 52, 53, 93, 192

quality escape 19, 23, 27, 45, 56, 111, 159,
174, 103

quality improvements 35, 90
quality lab 41, 42
quality level 46, 97, 100

quality liaison 53
quality management
quality organization
quality professionals 26, 27

quality requirements 39, 201

quality risk 37, 38, 107, 146

quality system 19, 42, 60, 171, 173, 208

23, 26, 42, 154
27,42

R

raw material 15, 19, 20, 28, 30, 56, 72,
75,79, 81, 83, 94, 98, 112, 118, 119, 122,
123,126, 127, 128, 132, 141, 146, 164, 167,
176, 177, 218, 219, 221

renminbi 223

repeatability 32, 94, 98, 102

repeatability error 99

reproducibility error 99

rescheduling 130

reverse engineer 80

reverse engineering 129

rigidity 52, 65, 74, 94, 99

robust process 13, 16, 19, 25, 28, 35, 42,
45, 95, 148, 152, 159, 173, 213, 214, 215

roduct Lifecycle Management /9



root cause 24, 32, 35, 37, 38, 39, 40,
90, 93, 106, 107, 114, 149, 150, 158, 166,
174, 176, 180, 186, 187

routing integrity 19, 90, 111, 112, 113, 114,
137, 141, 148

runtime-intensive 779

S

scheduling 17,19, 20, 81, 90, 112, 117, 118,
124, 126, 130, 132, 136, 139, 141, 142, 145,
146, 150, 153, 157, 165, 175, 181, 189

setup-intensive 107, 119

Shainin 700, 101, 102

Shih 217, 218

simulation 13, 51, 56, 64, 82, 83, 99, 125,
130, 157, 189

Singapore 217, 226

Six Sigma 11,13, 14, 17,18, 19, 28, 60, 72,
95, 97, 141, 214

Six Sigma community 700

Six Sigma concepts /2

Six Sigma DMAIC 102

Six Sigma DMAIC problem-solving 7100

Six Sigma management 97, 103

Six Sigma methodology 33, 97, 103

Six Sigma problem-solving 97, 100, 102

Six Sigma project , 103

Six Sigma quality level 97, 100
Six Sigma team 103

Six Sigma techniques 24, 52

Six Sigma variants 97, 98

SMED 120

Software 125, 130

solid model 51, 52, 77, 78, 82, 129

SPC 33, 35, 56, 82, 97, 155, 156

spindle probe 66, /72, 83, 99, 125, 173,
194

stakeholders

standardization 67, 69, 82, 109, 148, 166

Statistical Process Control 33, 82, 97

strategy 13, 60, 70, 117, 130, 141, 145, 161,
167,177, 195, 200, 210

Strategy Execution 161, 210

structure 210

108, 161

Index

supervisor 24, 51, 53, 79, 122, 150, 151,
155, 192
supply chain 74, 17, 19, 41, 43, 53, 80, 92,

93, 118, 120, 121, 128, 130, 131, 141, 145,
148, 161, 163, 164, 165, 166, 167, 175, 178,
203, 206, 219

supply chain leverage 178

supply chain strategy 164

surge capacity 179, 180

Switzerland 220

T
Taiwan 217
tolerance 18, 24, 28, 31, 32, 33, 34, 36,

47,48, 49, 50, 52, 60, 65, 68, 75, 82, 92,
97, 99, 100, 101, 102, 180, 196, 214

toleranced 53

tolerances 15, 37

tool life 65, 66, 69

tool wear 37, 32, 68, 93, 94, 98, 100, 109,
156, 214

Total Quality Management 24, 25

Toyota 15, 87, 120, 126, 136, 158
TaM 25
u

unattended 24, 68, 69, /1, 214, 215

unattended cycle time 72

unattended machining 52, 69, 72

utilization 24, 27, 43, 68, 70, 88, 137,
149, 150, 152, 153

\'%

vendor-managed inventory 118
Vericut 82
VMIs 128

237




w

wander 749

Whitney 75

workholding 32, 33, 45, 48, 51, 60, 65,
68, 71, 74, 75, 94, 99, 100, 108, 113, 117,
119, 135, 136, 215

work setting error compensation 66

wormhole 787

WTO 221, 225

Y
yen 223
Z
Zeiss 35



	CONTENTS
	About the Author
	INTRODUCTION
	1 PYRAMID
	LAYER 1: FOUNDATION
	2 QUALITY SYSTEM
	BORDERLINE QUALITY
	TOTAL QUALITY MANAGEMENT
	ISO COMPLIANCE
	QUALITY AT THE SOURCE
	GEOMETRIC DIMENSIONING & TOLERANCING
	RISK ANALYSIS
	ROOT CAUSE AND CORRECTIVE ACTION
	FINAL INSPECTION
	METRICS

	3 PEOPLE
	MACHINISTS’ SKILL LEVEL
	TECHNICAL POSITIONS

	4 LEADERSHIP
	FAST-TRACK LEADERSHIP
	INTERNAL LEADERSHIP DEVELOPMENT
	EXTERNAL LEADERSHIP SEARCH
	LEADERSHIP SUMMARY

	5 EQUIPMENT
	MACHINE ACCESSORIES
	AUTOMATION
	ACQUISITION TEAM
	INSTALLATION
	CONCLUSION

	6 INFORMATION TECHNOLOGY
	COMPUTER-AIDED DESIGN (CAD)
	COMPUTER-AIDED MANUFACTURING (CAM)
	ERP
	TOOL CRIB
	QUALITY RELATED SOFTWARE
	CNC PROGRAMMING AUXILIARY SOFTWARE
	OTHER SOFTWARE
	DOCUMENT STORAGE
	IT SUMMARY


	LAYER 2: SKILL LEVEL
	7 LEAN
	WASTE

	8 SIX SIGMA
	SIX SIGMA QUALITY LEVEL
	SIX SIGMA PROBLEM SOLVING
	SIX SIGMA MANAGEMENT

	9 CNC PROGRAM VALIDATION
	10 ROUTING INTEGRITY

	LAYER 3: EXECUTION LEVEL
	11 SCHEDULING/CAPACITY MANAGEMENT
	CHARACTERISTICS OF A GOOD PULL ENVIRONMENT
	COMPANY L
	CHARACTERISTICS OF A BAD PULL ENVIRONMENT
	HYBRID ELECTRONIC PULL SYSTEM
	ADVANCED PLANNING SOFTWARE
	SCHEDULING – LOT QUANTITY
	CAPACITY MANAGEMENT

	12 OPERATIONS MANAGEMENT
	PERSONNEL DEVELOPMENT
	SCHEDULE ATTAINMENT
	PRODUCTIVITY
	QUALITY MANAGEMENT
	CONTINUOUS IMPROVEMENT
	CULTURE
	WALK THE FLOOR/TALK THE FLOOR
	STRATEGY EXECUTION
	OPERATIONS MANAGEMENT CONCLUSION

	13 SUPPLY CHAIN EXECUTION
	BEING A BETTER CUSTOMER
	SUPPLY CHAIN CONCLUSION


	LAYER 4: RESULTS
	14 LOW SCRAP/REWORK
	COST OF QUALITY

	15 ON-TIME DELIVERY
	ON-TIME DRIVERS
	ON-TIME STRESS


	LAYER 5: ULTIMATE RESULTS
	16 PROFIT
	PROFIT CONCLUSION

	17 FOR MACHINISTS ONLY
	CONSIDERING MACHINING
	EARLY-STAGE MACHINIST
	VETERAN MACHINIST
	EMPLOYER EXPECTATIONS

	18 SALES
	GROWTH
	MANAGING THE CUSTOMER
	OMNIVORES

	19 SELLING OR ACQUIRING A MACHINING COMPANY
	MANUFACTURING ASSESSMENT
	MANAGING THE ACQUISITION

	20 MACHINING TEN COMMANDMENTS
	ELABORATION OF MACHINING TEN COMMANDMENTS
	THE FIVE COMMANDMENTS THAT WERE LOST

	21 FUTURE
	MACHINING ECOSYSTEM
	THE INNOVATION PATH
	MACHINING CREATES WEALTH
	ECONOMIC PRIORITIES
	GLOBAL COMPETITION
	WESTERN CONSUMER MORAL RESPONSIBILITY
	TARGETED R&D


	BIBLIOGRAPHY
	Index

