
Copyright 2020 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-208



Precision Machining 
Technology

Copyright 2020 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-208



Copyright 2020 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-208



Precision Machining 
Technology

Peter J. Hoffman
Berks Career & Technology Center, West Campus, Leesport, PA

Eric S. Hopewell
Berks Career & Technology Center, West Campus, Leesport, PA

Third Edition

Australia ● Brazil ● Mexico ● Singapore ● United Kingdom ● United States

Copyright 2020 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-208



For product information and technology assistance, contact us at  

Cengage Customer & Sales Support, 1-800-354-9706 or  

support.cengage.com.

For permission to use material from this text or product, submit all  

requests online at www.cengage.com/permissions.

Precision Machining Technology,  

Third Edition

Peter Hoffman/Eric Hopewell

SVP, GM Skills & Global Product Management: 

Jonathan Lau

Product Director: Matthew Seeley

Senior Product Manager: Katie McGuire

Product Assistant: Kimberly Klotz

Executive Director of Development: Marah 

Bellegarde

Learning Design Director: Juliet Steiner

Senior Learning Designer: Mary Clyne

Vice President Strategic Marketing Services: 

Jennifer Ann Baker

Marketing Director: Sean Chamberland

Marketing Manager: Andrew Ouimet

Senior Director Content Delivery: Wendy Troeger

Manager, Content Delivery: Alexis Ferraro

Senior Content Manager: Sharon Chambliss

Senior Digital Delivery Lead: Amanda Ryan

Design Director: Jack Pendleton

Senior Designer: Angela Sheehan

Cover image(s): Dmitry Kalinovsky/ShutterStock.com

© 2020, 2015 Cengage Learning, Inc.

Unless otherwise noted, all content is © Cengage.

ALL RIGHTS RESERVED. No part of this work covered by the copyright herein 

may be reproduced or distributed in any form or by any means, except as 

permitted by U.S. copyright law, without the prior written permission of the 

copyright owner.

Library of Congress Control Number: 2018960474

Book Only ISBN: 978-1-3377-9530-2 

Cengage 

20 Channel Center Street

Boston, MA 02210

USA

Cengage is a leading provider of customized learning solutions with 

employees residing in nearly 40 different countries and sales in more  

than 125 countries around the world. Find your local representative at 

www.cengage.com.

Cengage products are represented in Canada by Nelson Education, Ltd.

To learn more about Cengage platforms and services, register or access 

your online learning solution, or purchase materials for your course,  

visit www.cengage.com.

NOTICE TO THE READER

Publisher does not warrant or guarantee any of the products described 

herein or perform any independent analysis in connection with any of the 

product information contained herein. Publisher does not assume, and 

expressly disclaims, any obligation to obtain and include information other 

than that provided to it by the manufacturer. The reader is expressly warned 

to consider and adopt all safety precautions that might be indicated by the 

activities described herein and to avoid all potential hazards. By following 

the instructions contained herein, the reader willingly assumes all risks in 

connection with such instructions. The publisher makes no representations 

or warranties of any kind, including but not limited to, the warranties of fit-

ness for particular purpose or merchantability, nor are any such representa-

tions implied with respect to the material set forth herein, and the publisher 

takes no responsibility with respect to such material. The publisher shall not 

be liable for any special, consequential, or exemplary damages resulting, in 

whole or part, from the readers’ use of, or reliance upon, this material.

Printed in the United States of America 

Print Number: 01  Print Year: 2018

Copyright 2020 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-208



Preface ................................................................xv

Acknowledgments ............................................ xviii

From the Authors ................................................xix

About the Authors ...............................................xx

SECTION 1

Introduction to Machining ................ 1

Unit 1 Introduction to Machining ...........2

Learning Objectives ...............................................2

Key Terms ..............................................................2

Introduction ..........................................................3

Machining Defined ................................................3

History of Machining .............................................3

Simple Machine Tools ........................................3

Industrial Revolution ......................................... 4

20th-Century Machining .................................. 4

The Role of Machining in Society ............................5

People, Manufacturing, and Machining .............5

Major Machine Tools ..............................................7

Sawing Machines ............................................. 8

The Drill Press ................................................... 8

The Lathe ......................................................... 8

The Milling Machine ........................................ 10

Abrasive Machining ......................................... 10

Electrical Discharge Machining ......................... 12

Laser Machining .............................................. 14

Water Jet Machining ....................................... 14

Summary ............................................................. 14

Review Questions ................................................ 15

Unit 2 Careers in Machining ................... 16

Learning Objectives ............................................. 16

Key Terms ............................................................ 16

Introduction .........................................................17

Modern Machining Careers ...................................17

Operator ..........................................................17

Set-up Technician .............................................17

Conventional Machinist ................................... 18

CNC Machinist................................................. 18

Programmer ....................................................20

C O N T E N T S

Die Maker, Mold Maker, Toolmaker .................20

Supervisory Positions ....................................... 21

Related Careers .................................................... 21

Mechanical Designer ....................................... 21

Engineering Positions....................................... 21

Machine Tool Service Technician ......................22

Quality Control Technician/Inspector ................22

Industrial Salesperson ......................................23

Summary .............................................................23

Review Questions ................................................23

Unit 3 Workplace Skills ............................24

Learning Objectives .............................................24

Key Terms ............................................................24

Introduction ........................................................25

Personal Skills ......................................................25

Mechanical Aptitude .......................................25

Manual Dexterity and Eye-Hand Coordination....25

Problem-Solving, Troubleshooting, and  
Decision-Making Skills .....................................25

Focus and Concentration with Attention to Detail ...25

Persistence and Patience ..................................26

Personal Responsibility and Reliability ...............26

Ability to Perform Multi-Step Processes ............26

Ability to Use Technical Reference Materials .....26

Interpersonal Skills ...........................................26

Significant Memory Use ...................................26

Technical Skills .....................................................26

Ability to Interpret Engineering Drawings .........26

Knowledge of English and Metric Systems  
of Measurement .............................................. 27

Proficient Math Skills ....................................... 27

Use of Hand Tools, Measuring Tools, and  
Machine and Cutting Tools .............................. 27

Understanding of Metals and Other  
Materials and Their Properties .......................... 27

Knowledge and Skill in the Use of  
Computer Technology ..................................... 27

Training Opportunities/Methods .......................... 27

Secondary School (High School) Programs ....... 27

Post-Secondary Training ...................................28

Employer-Provided Training ..............................28

Apprenticeships ...............................................28

Copyright 2020 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-208



vi  Contents

NIMS ...................................................................29

Job Seeking .........................................................29

Career Plan ......................................................29

Resume ...........................................................29

References.......................................................32

Cover Letter.....................................................32

Career Portfolio ...............................................33

Finding Opportunities ......................................34

Interviewing ....................................................34

Summary .............................................................35

Review Questions ................................................36

SECTION 2

Measurement, Materials,  

and Safety .................................................. 37

Unit 1 Introduction to Safety..................39

Learning Objectives .............................................39

Key Terms ............................................................39

Introduction ....................................................... 40

General Safety Guidelines ................................... 40

OSHA and NIOSH ................................................ 40

General Clothing for a Machining Environment ...... 41

Personal Protective Equipment (PPE) ....................42

Eye Protection .................................................42

Hearing Protection...........................................42

Respirators ......................................................43

Gloves .............................................................43

Hard Hats ........................................................44

Housekeeping .....................................................44

Guards and Barriers ..............................................45

Handling and Lifting ............................................45

Compressed Air Safety ........................................ 46

Lockout/Tagout .................................................. 46

Tagout .............................................................47

Lockout ...........................................................47

Hazardous Materials ............................................47

Hazardous Material Labeling ........................... 48

SDS .................................................................50

Fire Safety ............................................................54

The Fire Triangle ..............................................54

Fire Extinguishers .............................................55

Safety Documentation .........................................55

Summary .............................................................56

Review Questions ................................................ 57

Unit 2  Measurement Systems and  

Machine Tool Math Overview ......58

Learning Objectives .............................................58

Key Terms ............................................................59

Introduction ........................................................59

Measurement Systems of the Machining World ....59

The English System (Inches) .............................59

The Metric System or SI ...................................59

Machining Mathematic Concepts and Operations ....59

Fractional Operations .......................................59

Fractional/Decimal Conversion .........................62

Basic Algebra...................................................62

Ratios and Proportions.................................... 64

English/Metric and Metric/English Conversions .... 64

Basic Geometry ...............................................65

Angles .............................................................67

Cartesian Coordinates...................................... 71

Polar Coordinates ............................................ 71

Basic Trigonometry .......................................... 71

Summary ............................................................. 77

Review Questions ................................................ 77

Unit 3 Semi-Precision Measurement ...79

Learning Objectives .............................................79

Key Terms ............................................................79

Introduction ....................................................... 80

What is Semi-Precision Measurement? ................ 80

Rules .................................................................. 80

Reading English Rules ...................................... 81

Reading Metric Rules .......................................82

Calipers .............................................................. 84

Adjustable Squares ..............................................87

The Combination Set .......................................87

Angular Measurement ........................................ 88

Protractors...................................................... 88

Bevels ............................................................. 88

Die Maker’s Square.......................................... 91

Fixed Gages ......................................................... 91

Radius and Fillet Gages .................................... 91

Angle Gages....................................................92

Screw Pitch Gage ............................................92

Summary .............................................................93

Review Questions ................................................93

Unit 4 Precision Measurement ............. 94

Learning Objectives ............................................ 94

Key Terms ............................................................95

Introduction ........................................................95

Copyright 2020 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-208



Contents  vii

Unit 5  Quality Assurance, Process  

Planning, and Quality Control ... 148

Learning Objectives ........................................... 148

Key Terms .......................................................... 148

Introduction ...................................................... 149

Quality Assurance .............................................. 149

The Process Plan ................................................ 149

Material Selection .......................................... 149

Machine Selection and Workholding ............. 149

Tooling Selection ........................................... 149

Speed and Feed Calculation ............................ 151

Other Information .......................................... 151

Quality Control ................................................... 151

Sampling Plan................................................. 151

Inspection Plan ............................................... 151

Statistical Process Control (SPC) ...................... 151

Summary ............................................................157

Review Questions ...............................................157

Unit 6  Metal Composition 

and Classification ....................... 158

Learning Objectives ........................................... 158

Key Terms .......................................................... 158

Introduction ...................................................... 159

Ferrous Metals ................................................... 159

Wrought Iron ................................................ 159

Plain Carbon Steels ........................................ 159

Alloy Steels .................................................... 160

Tool Steels ...................................................... 161

Cast Iron........................................................ 165

Stainless Steels .............................................. 165

Nonferrous Metals ..............................................167

Aluminum Alloys ............................................167

Magnesium Alloys ......................................... 169

Copper Alloys ................................................ 169

Titanium Alloys ............................................... 171

Superalloys .....................................................172

Summary ............................................................174

Review Questions ...............................................174

Unit 7 Heat Treatment of Metals ..........175

Learning Objectives ............................................175

Key Terms ...........................................................175

Introduction .......................................................176

Hardening ..........................................................176

Direct Hardening ............................................176

Surface Hardening ..........................................176

Case Hardening ..............................................176

What is Precision Measurement? ..........................95

General Care and Use of Precision Tools ............... 96

Straight Edges .................................................... 96

Precision Fixed Gages ......................................... 96

Thickness Gages ..............................................97

Pin or Plug Gages ............................................97

Ring Gages ..................................................... 99

Snap Gages .................................................... 101

Surface Plates ..................................................... 101

Solid Squares ..................................................... 102

Gage Blocks ....................................................... 104

Selecting Gage Blocks for Builds .................... 105

Vernier Measuring Tools ......................................107

Vernier Calipers ..............................................107

Vernier Height Gage ...................................... 108

Vernier Depth Gage ....................................... 108

Vernier Gear Tooth Caliper ............................. 109

Vernier Protractor .......................................... 109

Reading Vernier Scales ................................... 109

Micrometers ....................................................... 113

Outside Micrometer ........................................ 113

Reading Outside Micrometers ......................... 117

Calibration of the Outside Micrometer ............ 118

Inside Micrometers ......................................... 121

Depth Micrometers.........................................124

Dial and Digital Measuring Tools ........................ 126

Dial and Digital Calipers ................................. 126

Dial and Digital Height Gages .........................127

Dial and Digital Depth Gages ......................... 129

Dial and Digital Bore Gages ........................... 129

Precision Transfer or Helper-Type Measuring Tools ... 129

Small Hole Gages .......................................... 129

Telescoping Gages ......................................... 130

Adjustable Parallels ........................................ 130

Dial and Digital Indicators .................................. 130

Applications of Plunge-Type Indicators ............132

Applications of Test Indicators ........................134

Sine Tools ...........................................................137

Sine Bars and Sine Blocks............................... 138

Sine Plates ..................................................... 138

Sine Vises ...................................................... 138

Surface Finish Measurement .............................. 138

Surface Roughness Comparator ..................... 139

Profilometer ................................................... 141

Optical Comparators ........................................... 141

Toolmaker’s Microscope ..................................... 144

Coordinate Measuring Machine ......................... 145

Summary ........................................................... 146

Review Questions .............................................. 146

Copyright 2020 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-208



viii  Contents

Components of Engineering Drawings ............... 203

Title Block ...................................................... 203

Orthographic Projection ................................. 203

Line Types ...................................................... 207

Assembly Drawings ............................................212

Basic Symbols and Notation ................................212

Tolerance ............................................................213

Bilateral Tolerances .........................................213

Unilateral Tolerances .......................................213

Limit Tolerances ..............................................214

Feature of Size, MMC, and LMC .....................214

Tolerance Specifications ..................................217

Reference Dimensions ....................................217

Classes of Fit ...................................................... 218

Allowances .................................................... 218

Classifications of Fits .......................................219

Geometric Dimensioning and Tolerancing (GD&T) .... 223

Datum ........................................................... 223

Feature Control Frame ................................... 223

Interpretation of Geometric Tolerances .......... 223

Summary ............................................................231

Review Questions .............................................. 232

Unit 2 Layout ............................................. 234

Learning Objectives ........................................... 234

Key Terms .......................................................... 234

Introduction ...................................................... 235

Layout Fluid (Layout Dye)................................... 235

Layout Fluid Remover .................................... 235

Semi-Precision Layout ........................................ 236

Scribers ......................................................... 236

Layout with a Combination Set ...................... 237

Divider........................................................... 237

Trammel ........................................................ 238

Prick and Center Punches .............................. 238

Hermaphrodite Caliper ..................................240

Plain Protractor ..............................................240

Surface Plate .................................................240

Surface Gage.................................................240

Workholding Accessories ............................... 242

Precision Layout ................................................ 243

Height Gage .................................................. 243

Precision Angular Layout ............................... 243

Basic Layout Construction and Math ..................244

The Layout of Square Shapes ............................. 247

Layout Procedure Guidelines .............................249

Summary ........................................................... 250

Review Questions ...............................................251

Tempering ..........................................................179

Annealing ...........................................................179

Normalizing ........................................................179

Heat Treatment of Nonferrous Metals ..................179

Aluminum Alloys ............................................179

Heat-Treating Furnaces ...................................... 180

Box Furnaces ................................................. 180

Production and Specialty Furnaces ................. 180

Atmospheric Furnaces .................................... 181

Furnace Controls ........................................... 182

Heat-Treatment Safety ....................................... 182

Hardness Scales and Testing ............................... 182

Rockwell Hardness Scales .............................. 182

Brinell Hardness Scale .................................... 186

Cross-Reference of Brinell and  
Rockwell Hardness Values .............................. 188

Summary ........................................................... 188

Review Questions .............................................. 189

Unit 8  Maintenance, Lubrication, 

and Cutting Fluid Overview ..... 190

Learning Objectives ........................................... 190

Key Terms .......................................................... 190

Maintenance ...................................................... 191

Lubrication ..................................................... 191

Moving Parts and Wear Surfaces ....................193

Cutting Fluids .....................................................193

Oil-Based Cutting Fluids ................................. 194

Chemical-Based Cutting Fluids ....................... 195

Measuring Cutting Fluid Mixtures .................. 196

Refractometer ............................................... 196

Cold Air Guns .................................................197

Solid and Semi-Solid Cutting Compounds .......197

Methods of Application ..................................197

Summary ........................................................... 198

Review Questions .............................................. 199

SECTION 3

Job Planning, Benchwork,  

and Layout ................................................200

Unit 1 Understanding Drawings.......... 202

Learning Objectives ........................................... 202

Key Terms .......................................................... 202

Importance of Engineering Drawings ................. 203

Copyright 2020 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-208



Contents  ix

Unit 4 Saws and Cutoff Machines .......269

Learning Objectives ...........................................269

Key Terms ..........................................................269

Introduction ...................................................... 270

Power Hacksaws ................................................ 270

Band Sawing Machines ...................................... 270

Horizontal Band Saws .................................... 270

Vertical Band Saws ........................................ 272

Saw Blade Characteristics and Applications ........ 274

Blade Material ............................................... 274

Tooth Set ....................................................... 275

Blade Pitch or TPI ........................................... 276

Blade Width .................................................. 277

Blade Thickness or Gauge .............................. 277

Rake .............................................................. 277

Gullet ............................................................ 278

Tooth Patterns ............................................... 278

Band Saw Blade Welding .................................... 278

Band Length .................................................. 278

Band Welding ................................................ 279

Band Saw Blade Mounting/Removal ................... 281

Blade Speed ...................................................... 282

The Abrasive Cutoff Saw .................................... 282

Metal Cutting Circular (Cold) Saws ......................284

Summary ...........................................................284

Review Questions ..............................................284

Unit 5 Offhand Grinding........................286

Learning Objectives ...........................................286

Key Terms ..........................................................286

Introduction ...................................................... 287

Grinder Uses ...................................................... 287

Abrasive Belt and Disc Machine Uses ..................288

Grinding Wheels ................................................288

Abrasive Type ....................................................288

Wheel Grit (Abrasive Grain Size) .........................289

Wheel Size .........................................................289

Maximum Wheel Speed .....................................290

Grinding Wheel Storage ................................290

Pedestal Grinder Setup ......................................290

Grinding Wheel Ring Testing .........................290

Grinding Wheel Mounting ............................. 291

Tool Rest and Adjustment .............................. 291

Spark Breaker and Adjustment ...................... 292

Grinding Wheel Dressing ............................... 292

Grinding Procedures ..........................................294

Summary ...........................................................294

Review Questions ..............................................295

Unit 3 Hand Tools ..................................... 252

Learning Objectives ........................................... 252

Key Terms .......................................................... 252

Introduction ...................................................... 253

Screwdrivers ...................................................... 253

Phillips ........................................................... 253

Straight ......................................................... 253

Offset ............................................................ 253

Torx ............................................................... 253

Pliers ................................................................. 253

Slip Joint Pliers ............................................... 253

Needle Nose Pliers ......................................... 253

Locking Pliers................................................. 254

Tongue-and-Groove Pliers .............................. 254

Side Cutting Pliers.......................................... 254

Diagonal Cutters............................................ 254

Hammers ........................................................... 254

Ball Peen ....................................................... 254

Dead Blow..................................................... 254

Soft Face ....................................................... 254

Wrenches .......................................................... 255

Open-End Wrench .........................................256

Box-End Wrench............................................256

Double-Ended Wrench ..................................256

Adjustable Wrench ........................................256

Socket Wrench .............................................. 257

Spanner Wrench............................................ 257

Hex Key Wrench ............................................ 257

Bench Vise ......................................................... 258

Bases ............................................................. 258

Jaws .............................................................. 259

Clamps ..............................................................260

C-Clamp ........................................................260

Parallel Clamp................................................260

Hinged Clamp ...............................................260

Hacksaws ...........................................................260

Hacksaw Blades .............................................260

Hacksaw Use ................................................. 261

Files ................................................................... 261

File Classification ........................................... 261

Special Files ................................................... 262

File Selection ................................................. 262

General File Use............................................. 263

Filing Tips ......................................................264

Deburring ..........................................................265

Abrasives ...........................................................265

Presses .............................................................. 265

Arbor Press ....................................................266

Hydraulic Press ..............................................266

Summary ........................................................... 267

Review Questions .............................................. 267

Copyright 2020 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-208



x  Contents

Countersinks and Counterbores ..........................331

Toolholding ....................................................... 332

Morse Taper-Shank Toolholding ..................... 332

Straight-Shank Toolholding ............................ 334

Workholding...................................................... 334

Drill Press Vise ............................................... 335

V-Block .......................................................... 335

Angle Plate .................................................... 337

Hold-Down Clamps ....................................... 337

Summary ........................................................... 339

Review Questions .............................................. 339

Unit 3 Drill Press Operations ................340

Learning Objectives ...........................................340

Key Terms ..........................................................340

Introduction .......................................................341

General Drill Press Safety .....................................341

Speed and Feed ..................................................341

Cutting Speed and RPM Calculation ................341

Feed Rates for Drill Press Operations ..............344

Locating Holes on the Drill Press ........................ 345

Spot Drilling ...................................................... 347

Drilling ..............................................................348

Through and Blind Holes ...............................349

Reaming .............................................................351

Counterboring and Spotfacing ........................... 352

Chamfering and Countersinking ........................ 353

Tapping ............................................................. 353

Summary ...........................................................356

Review Questions .............................................. 357

SECTION 5

Turning........................................................358

Unit 1 Introduction to the Lathe ......... 359

Learning Objectives ........................................... 359

Key Terms .......................................................... 359

Introduction ......................................................360

Headstock .........................................................360

Spindle .......................................................... 361

Quick-Change Gear Box ................................ 363

Lathe Bed .......................................................... 363

Carriage ............................................................. 363

Saddle ........................................................... 363

Leadscrew and Feed Rod ...............................365

Apron............................................................365

Tailstock ............................................................366

Unit 6  Drilling, Threading,  

Tapping, and Reaming ..............296

Learning Objectives ...........................................296

Key Terms ..........................................................296

Introduction ...................................................... 297

Benchwork Holemaking Operations ................... 297

Twist Drilling .................................................. 297

Counterboring, Countersinking, and Spotfacing .. 298

Reaming ........................................................299

Threading and Tapping ...................................... 301

Basic Thread Terminology .............................. 301

Thread Designations ......................................304

Tap Drills .......................................................305

Tapered Pipe Threads .....................................308

Tap Styles ......................................................308

Tap Use ......................................................... 310

Die Use...........................................................313

Summary ............................................................314

Review Questions ...............................................315

SECTION 4

Drill Press ...................................................316

Unit 1 Introduction to the Drill Press ...317

Learning Objectives ............................................317

Key Terms ...........................................................317

Introduction ...................................................... 318

Upright Drill Press ...............................................319

Drill Press Controls ......................................... 320

Gang Drill Press ..............................................321

Radial-Arm Drill Press ......................................... 322

Micro Drill Press ............................................. 322

Summary ........................................................... 323

Review Questions .............................................. 323

Unit 2  Tools, Toolholding, and  

Workholding for the Drill Press ... 324

Learning Objectives ........................................... 324

Key Terms .......................................................... 324

Introduction ...................................................... 325

Types of Cutting-Tool Materials .......................... 325

Drill Bits ............................................................. 325

Twist Drills ..................................................... 325

Spotting Drills and Combination Drills  
and Countersinks........................................... 328

Reamers ............................................................ 329

Reamer Parts ................................................. 330

Reamer Sizes ................................................. 330

Copyright 2020 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-208



Contents  xi

Turning .......................................................... 410

Shouldering ................................................... 414

Filing and Polishing ............................................ 415

Center and Spot Drilling ..................................... 416

Center Drills................................................... 416

Spotting Drills .................................................417

Holemaking on the Lathe ................................... 419

Drilling .......................................................... 419

Reaming ........................................................420

Counterboring and Countersinking .................421

Boring ............................................................421

Internal Shouldering ...................................... 422

Thread Cutting with Taps and Dies ..................... 423

Form Cutting .....................................................424

Grooving and Cutoff (Parting) ............................424

Knurling ............................................................426

Summary ...........................................................429

Review Questions ..............................................430

Unit 4 Manual Lathe Threading .......... 432

Learning Objectives ........................................... 432

Key Terms .......................................................... 432

Introduction ...................................................... 433

Screw Thread Terminology ................................. 433

Class of Fit .........................................................434

Determining Thread Data ................................... 435

Major Diameter for External Threads .............. 435

Minor Diameter for Internal Threads .............. 435

Pitch Diameter ............................................... 435

Compound-Rest In-Feed ................................ 435

Producing Threads on the Lathe ......................... 437

Lathe Setup ....................................................... 437

Installing the Workpiece ................................ 437

Setting the Quick-Change Gear Box ...............438

Setting the Compound Rest ...........................438

Setting the Spindle Speed ..............................440

Installing and Aligning the Cutting Tool .........440

Lathe Threading Operation ................................ 441

Referencing the Cutting Tool ......................... 441

Threading Dial and Half-Nuts .........................442

Threading Tool In-Feed and Positioning ..........442

Methods for Terminating a Thread .................444

Thread Measurement .........................................445

Thread Ring and Plug Gages ..........................445

Thread Micrometer ........................................445

Three-Wire Method .......................................446

Thread Form Measurement ............................448

Lathe Size ..........................................................366

Swing ............................................................366

Bed Length ....................................................366

Summary ........................................................... 367

Review Questions ..............................................368

Unit 2  Tools, Toolholding, and  

Workholding for the Lathe .......369

Learning Objectives ...........................................369

Key Terms ..........................................................369

Introduction ...................................................... 370

Workholding...................................................... 370

Jaw-Type Chucks ........................................... 370

Collets ........................................................... 374

Faceplate ....................................................... 377

Workholding Between Centers ...................... 377

Mandrels ....................................................... 381

Auxiliary Workpiece Supporting Methods ...... 383

Toolholding .......................................................384

Rocker-Type Toolholding ................................384

Quick-Change Tool Holding ...........................386

Indexable Tool Posts ......................................386

Lathe Cutting Tools ............................................ 387

Basic Tool Geometry ......................................390

Carbide Inserts...............................................390

External Toolholders for Carbide Inserts .........395

Internal Toolholders for Carbide Inserts .......... 397

Holemaking Tools .......................................... 397

Summary ...........................................................400

Review Questions .............................................. 401

Unit 3  Machining Operations 

on the Lathe ..................................402

Learning Objectives ...........................................402

Key Terms ..........................................................402

Introduction ......................................................403

Depth of Cut, Speed, Feed, and Time Calculation ...403

Depth of Cut .................................................403

Speed ............................................................404

Feed ..............................................................404

Roughing and Finishing .................................404

Machining Time Calculation ...........................405

General Lathe Safety ..........................................406

Facing and Turning Operations ..........................406

Tool Nose Radius and Depth of Cut ...............406

Multiple Turning Passes .................................407

Facing ...........................................................408

Copyright 2020 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-208



xii  Contents

Unit 2  Tools, Toolholding, and  

Workholding for the  

Vertical Milling Machine ...........483

Learning Objectives ...........................................483

Key Terms ..........................................................483

Introduction ......................................................484

Cutter Shanks and Arbors...................................484

Cutting-Tool Materials  .......................................484

Carbide Inserts...............................................484

Tool Nose Radius/Cutting Point ......................487

Proper Cutting-Tool Storage ...............................488

Endmills ............................................................488

Roughing Endmills .........................................489

Ballnose Endmills ...........................................489

Radius Endmills..............................................489

Corner-Rounding Cutters ...............................489

Chamfer Endmills ..........................................490

Tapered Endmills ...........................................490

Flat-Surface Milling Cutters ................................ 491

Specialty Milling Cutters ....................................492

T-Slot Cutters .................................................492

Dovetail Cutter ..............................................492

Woodruff Keyseat Cutter ...............................492

Slitting Saws ..................................................492

Form Milling Cutters ......................................493

Toolholding .......................................................493

Endmill Toolholders .......................................493

Drill Chucks ...................................................494

Morse Taper Adapters ...................................494

Shell Mill Arbors ............................................494

Stub Arbors ...................................................495

R-8 Collets .....................................................495

Workholding......................................................495

Hold-Down Clamps .......................................495

Toe Clamps ....................................................497

Milling Vises ..................................................498

Chucks/Collet Fixtures ....................................500

Vacuum Plates, Magnetic, and  
Adhesive-Based Workholding ........................500

Fixtures.......................................................... 501

Summary ........................................................... 501

Review Questions .............................................. 502

Unit 3  Vertical Milling 

Machine Operations ...................504

Learning Objectives ...........................................504

Key Terms ..........................................................504

Introduction ......................................................505

Other Thread Forms ...........................................448

Acme Thread .................................................448

Tapered Pipe Threads .....................................449

Buttress Threads ............................................449

Summary ...........................................................450

Review Questions .............................................. 451

Unit 5 Taper Turning ............................... 452

Learning Objectives ........................................... 452

Key Terms .......................................................... 452

Introduction ...................................................... 453

Typical Taper Specifications ................................ 453

Angular Specification..................................... 453

Rate-of-Change Specification ......................... 453

Taper Dimensions and Calculations ....................454

Converting TPI or TPF to an Angular Dimension .. 457

Converting an Angular Dimension to TPI or TPF . 457

Taper Turning Methods ...................................... 457

Tool Bit Method ............................................. 457

Compound-Rest Method ............................... 457

Taper Attachment Method ............................460

Offset Tailstock Method .................................462

Summary ...........................................................465

Review Questions ..............................................465

SECTION 6

Milling .........................................................467

Unit 1  Introduction to the  

Vertical Milling Machine ...........469

Learning Objectives ...........................................469

Key Terms ..........................................................469

Introduction ......................................................470

Base and Column ................................................471

Knee ...................................................................471

Saddle ........................................................... 472

Table ............................................................. 472

Turret ................................................................ 473

Ram ................................................................... 473

Head ................................................................. 474

Spindle .......................................................... 474

Quill .............................................................. 476

Head Movements ..........................................478

Optional Features ..............................................479

Summary ...........................................................482

Review Questions ..............................................482

Copyright 2020 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-208



Contents  xiii

SECTION 7

Grinding .....................................................559

Unit 1  Introduction to Precision  

Grinding Machines ......................560

Learning Objectives ...........................................560

Key Terms ..........................................................560

Introduction ...................................................... 561

Surface Grinders ................................................ 561

Horizontal Spindle Surface Grinders ............... 561

Vertical Spindle Surface Grinders ...................562

Cylindrical Grinders ............................................563

The Centerless Grinder ..................................564

Tool and Cutter Grinders ....................................565

The Jig Grinder ..................................................565

Summary ...........................................................565

Review Questions ..............................................566

Unit 2  Grinding Wheels for 

Precision Grinding ...................... 567

Learning Objectives ........................................... 567

Key Terms .......................................................... 567

Introduction ......................................................568

Wheel Shapes ....................................................568

Grinding-Wheel Specifications ...........................569

Abrasive Type ................................................569

Grit Size (Grain Size) ...................................... 570

Grade ............................................................ 570

Structure ....................................................... 570

Bond Type ..................................................... 570

Superabrasives ...................................................571

Summary ........................................................... 572

Review Questions .............................................. 572

Unit 3 Surface Grinding Operations .. 573

Learning Objectives ........................................... 573

Key Terms .......................................................... 573

Introduction ...................................................... 574

General Surface Grinder Safety ........................... 574

Mounting the Grinding Wheel ............................ 574

Workholding Devices ......................................... 575

Magnetic Devices .......................................... 575

Angle Plates, V-Blocks, and Collet Blocks ............. 578

Vises.............................................................. 578

Wheel Dressing .................................................. 579

General Milling Machine Safety ..........................505

Tramming the Vertical Milling Machine Head .....505

Aligning Workholding Devices ...........................508

Aligning a Milling Vise ...................................508

Aligning Other Workholding Devices  
and Large Workpieces ...................................509

Speeds and Feeds for Milling Operations ............ 510

Holemaking Operations ......................................512

Locating to a Layout .......................................512

Locating from an Edge ...................................512

Locating the Center of an Existing Part Feature .... 513

Boring ........................................................... 514

Milling Basics ..................................................... 518

Squaring a Block ................................................ 519

Milling Side A ................................................ 519

Milling Side B .................................................521

Milling Side C .................................................521

Milling Side D .................................................521

Milling Sides E and F ...................................... 523

Squaring a Block Using an Angle Plate ...........526

Angular Milling .................................................. 527

Milling with Angled Cutters ........................... 527

Milling Angles by Positioning the Workpiece ... 528

Milling Angles by Tilting the Machine Head ....531

Milling Steps, Slots, and Keyseats ....................... 533

Basic Step Milling .......................................... 533

Slot Milling .................................................... 534

Milling Radii .......................................................540

Milling External Radii .....................................540

Milling Internal Radii (Fillets) .......................... 541

Pocket Milling .................................................... 542

Summary ...........................................................545

Review Questions ..............................................546

Unit 4  Indexing and Rotary 

Table Operations ......................... 547

Learning Objectives ........................................... 547

Key Terms .......................................................... 547

Introduction ......................................................548

Rotary Table .......................................................548

Rotary Table Setup .........................................548

Workpiece Setup for the Rotary Table ............549

Rotary Table Operations .................................550

Collet Blocks ...................................................... 552

Indexing Fixture ................................................. 553

Dividing Head ....................................................554

Summary ........................................................... 557

Review Questions ..............................................558

Copyright 2020 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-208



xiv  Contents

Dressing Aluminum Oxide and Silicon  

Carbide Wheels .................................................. 579

Dressing Diamond and CBN Wheels ...................580

Grinding Parallel Surfaces .................................. 581

Grinding the Magnetic Chuck ........................583

Grinding Perpendicular Surfaces ........................583

Grinding Angles .................................................584

Side Grinding .....................................................585

Dressing the Wheel for Side Grinding ............585

Performing Side Grinding .................................. 587

Grinding Cylindrical Work...................................588

Grinding Problems .............................................588

Burning of the Work Surface .........................588

Scratches on the Work Surface ......................589

Waviness or Chatter on the Work Surface ......589

Summary ...........................................................590

Review Questions ..............................................590

SECTION 8

Computer Numerical Control ........592

Unit 1 CNC Basics ......................................594

Learning Objectives ...........................................594

Key Terms ..........................................................594

Introduction ...................................................... 595

The CNC Machine Control Unit ...........................596

CNC Motion Control ..........................................596

Drive Screws ..................................................596

CNC Guideways............................................. 597

Servo Motors .................................................598

Coordinate Systems ...........................................599

The Cartesian Coordinate System ...................599

The Polar Coordinate System .........................600

Positioning Systems ........................................... 601

The Absolute Positioning System ................... 601

The Incremental Positioning System ............... 601

Codes ................................................................ 601

G-Codes ........................................................ 601

M-Codes .......................................................602

Other Word Address Commands ...................602

Binary Code ...................................................604

Conversational-Type Programming ....................604

Parts of a CNC Program ......................................604

Safe-Start ......................................................604

Material Removal...........................................605

Program Ending.............................................605

Summary ...........................................................607

Review Questions ..............................................607

Unit 2 Introduction to CNC Turning ...608

Learning Objectives ...........................................608

Key Terms ..........................................................608

Introduction ......................................................609

Types of Turning Machines ..................................611

Turret-Type Machines ......................................611

Gang-Tool-Type Machines ...............................611

CNC Lathes.................................................... 612

Swiss-Type Turning Center ............................. 612

Tool-Mounting ................................................... 614

Cutting Toolholders ....................................... 614

Workholding...................................................... 619

Workholding Collets ...................................... 619

Workholding Chucks .....................................620

Process Planning ................................................620

Summary ........................................................... 621

Review Questions .............................................. 621

Unit 3 CNC Turning: Programming ..... 623

Learning Objectives ........................................... 623

Key Terms ..........................................................624

Introduction ......................................................624

Coordinate Positioning for Turning .....................624

Diametral and Radial .....................................624

Absolute and Incremental ..............................625

Types of Motion For Turning ...............................625

Rapid Traverse for Turning—G0 .....................625

Linear Interpolation for Turning—G1 .............625

Circular Interpolation for Turning—G2 and G3 ....626

Non-Axis Motion Commands .............................629

Spindle Speed for Turning ..............................629

Tool-Change Commands ...............................630

Sequence Numbers........................................630

Program Stop Commands .............................. 631

Coolant M-Codes .......................................... 631

Starting a Program in the Correct Format ....... 631

Machining Operations ....................................... 632

Facing ........................................................... 632

Drilling Operations......................................... 633

Straight Turning .............................................634

Taper Turning ................................................634

Contour Turning ............................................634

Tool Nose Radius Compensation ....................635

Roughing Operations.....................................639

Finishing ........................................................639

Copyright 2020 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-208



Contents  xv

Canned Cycles ...................................................639

Drilling Canned Cycles for Fanuc ....................639

Drilling Canned Cycles for Haas ..................... 641

Tapping Canned Cycles ..................................644

Rough and Finish Turning Canned Cycles .......648

Threading Canned Cycles...............................658

OD Threading Canned Cycles .........................660

ID Threading Canned Cycle ............................660

Summary ...........................................................666

Review Questions ..............................................667

Unit 4  CNC Turning: Setup  

and Operation ..............................668

Learning Objectives ...........................................668

Key Terms ..........................................................668

Machine Control Panel .......................................669

Workholding Setup ............................................670

Machine and Work Coordinate Systems .............. 673

Power-Up and Homing .................................. 673

Work Offset Setting ............................................ 674

Cutting Tools for Turning .................................... 675

Cutting-Tool Installation ................................. 675

Cutting-Tool Offsets for Turning ..................... 675

Program Entry for Turning .................................. 677

Turning Machine Operation ...............................678

Program Prove-Out ........................................678

Auto Mode....................................................679

Summary ...........................................................679

Review Questions ..............................................680

Unit 5 Introduction to CNC Milling .... 681

Learning Objectives ........................................... 681

Key Terms .......................................................... 681

Introduction ......................................................682

Types of CNC Milling Machines ..........................682

ATC Types ......................................................684

Toolholding .......................................................684

CNC Spindle Types .........................................684

Tool Attachment Styles ..................................686

Workholding .................................................688

Process Planning ................................................693

Summary ...........................................................694

Review Questions ..............................................694

Unit 6 CNC Milling: Programming ......696

Learning Objectives ...........................................696

Key Terms ..........................................................696

Introduction ......................................................697

Coordinate Positioning for Milling ......................697

Types of Motion for Milling ................................698

Rapid Traverse—G0 .......................................698

Linear Interpolation—G1 ...............................698

Circular Interpolation .....................................699

Non-Axis Motion Commands .............................706

Comments.....................................................706

Work Coordinate System Command ..............706

Spindle Speed for Milling ...............................708

Coolant M-Codes ..........................................709

Ending a Program in the Correct Format ........709

Machining Operations ........................................710

Facing ............................................................710

Two-Dimensional Milling ................................ 711

Holemaking Operations ..................................715

Canned Cycles ................................................715

Cutter Radius Compensation .............................. 724

Automatic Cutter Radius Compensation ........ 729

Summary ........................................................... 734

Review Questions .............................................. 734

Unit 7  CNC Milling: Setup  

and Operation .............................. 736

Learning Objectives ........................................... 736

Key Terms .......................................................... 736

Machine Control Panel ........................................737

Workholding Setup ............................................ 739

Machine and Work Coordinate Systems .............. 739

Power-Up and Homing ...................................... 739

Work Offset Setting ............................................ 740

Workpiece Z-axis Offset Setting ......................741

Workpiece X-axis and Y-axis Offset Setting .... 742

Cutting Tools ..................................................... 744

Cutting-Tool Installation ................................. 744

Cutting-Tool Offset Types ............................... 744

Program Entry ................................................... 748

Machine Operation ............................................ 748

Program Prove-out ........................................ 748

Auto Mode.................................................... 749

Summary ........................................................... 749

Review Questions .............................................. 750

Unit 8  Computer-Aided Design and  

Computer-Aided Manufacturing ..751

Learning Objectives ............................................751

Key Terms ...........................................................751

Copyright 2020 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-208



xvi  Contents

Appendix A ........................................................ 759

Appendix B ........................................................ 769

Appendix C ........................................................ 770

Appendix D .........................................................771

Appendix E ........................................................ 772

Appendix F ........................................................ 774

Glossary ............................................................. 775

Index ................................................................. 797

Introduction ...................................................... 752

Cad Software Use ............................................... 752

Geometry Types ............................................. 752

Software Types .............................................. 753

Cam Software Use .............................................. 753

Toolpaths ...................................................... 753

Machining Verification/Simulation.................. 757

Post-Processing.............................................. 757

Summary ........................................................... 757

Review Questions .............................................. 758

Copyright 2020 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-208



P R E FA C E

P
recision Machining Technology introduces students, both at the secondary and postsecondary levels, to the 

exciting world of precision machining technology as it is practiced in the 21st century. In writing this text, the 

authors’ main goal is to provide a deep understanding of the fundamental and intermediate machining skills 

needed for career success in a rapidly changing manufacturing environment. In line with this objective, the author team 

has taken special care to ensure that the text:

●● Has a down-to-earth, practical orientation that covers what students need to know about the field of precision ma-

chining as it is practiced today

●● Develops modern interpersonal skills that are demanded by the job market

●● Covers current career information and trends

●● Includes modern shop practices

●● Contains specific instructions and examples, with images showing many step-by-step applications

●● Provides in-depth knowledge as a base for strong foundational skills without becoming difficult to read or comprehend

●● Includes current computer numerical control (CNC) content with various programming examples.

This text is written for students of precision machining at the secondary and postsecondary levels who have the oppor-

tunity and desire to learn skills required by the precision machining industry and to obtain NIMS certifications. The book 

is written in such a way that the student needs no prior knowledge of machining to benefit.

Precision Machining Technology has been sponsored and endorsed by NIMS. The text and its supporting supple-

ments fill the need of comprehensively covering all of the material encountered by a student during the NIMS certifi-

cation process, and were written with the Machining Level I Standards in mind. The text’s close adherence to NIMS’s 

nationally recognized skills standards will be especially useful for schools and school districts that wish to comply with 

the funding requirements of the Carl D. Perkins Career and Technical Education Act of 2006 (Perkins IV).

How the Text Was Developed

In order to create a truly new set of teaching and learning tools, Precision Machining Technology was launched with 

no preconceived notion of how the text should be designed. A large number of instructors at NIMS-accredited programs 

participated in the initial development of the table of contents, which then led to the recruitment of the author team, 

also from NIMS-accredited programs. During the development of the project, over a dozen instructors reviewed drafts 

of the manuscript and provided useful feedback to the authors. Their input has played a major role in improving the 

final product. Last, the publisher and NIMS committed to an extra developmental step, class-testing the manuscript at 

multiple institutions, in order to assure the highest level of accuracy and teaching effectiveness. Reviewers and class-

testers are listed in the Acknowledgments section.

To enhance the teaching and learning experience, the authors developed the text with the following objectives in mind:

●● Achieve an easy-to-read writing style that assumes the student has no prior knowledge of machining and takes the 

student all the way through to the intermediate stage

●● Include many images to clarify explanations and procedures so students can make visual connections

●● Identify key and secondary terms throughout the text to guide students to important points
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●● Assume that students are taking or have already taken basic geometry, basic algebra, and have good proficiency in 

computation of fractions, decimals, and order of operations

●● Allow for the companion Workbook/Projects Manual to provide a beneficial measure of practice to prepare the 

student for NIMS product creation and the knowledge examination

Organization of the Text

In designing Precision Machining Technology, the authors followed the typical progression through the NIMS cer-

tifications. For many of the sections, a student should have sufficient knowledge to obtain a NIMS certification at the 

completion of the sections.

The text is divided into eight major sections, as follows:

Section 1—Introduction to Machining

Section 2—Measurement, Materials, and Safety

Section 3—Job Planning, Benchwork, and Layout

Section 4—Drill Press

Section 5—Turning

Section 6—Milling

Section 7—Grinding

Section 8—Computer Numerical Control (CNC)

Each section of the text contains multiple “bite-sized” units, which provide the following teaching and learning aids: 

learning objectives, key terms, caution safety checks, chapter summary, and review questions.

Special care was taken to make each unit progress in a logical presentation of content for someone with no prior 

knowledge. The authors took steps to ensure that no new terminology was presented prior to a complete explanation 

of each term. Each unit builds on another, and many sections build on previous sections. As the text progresses, topics 

are explored more deeply. Previous knowledge is reinforced through new application of previous information.

What’s New in This Edition
●● Increased CNC programming content including additional canned cycles

●● CNC programming examples with graphics presented in both Fanuc and Haas formats, two of the most widely used 

industry formats

●● Multi-step procedures modified to a bulleted format to make following steps easier

●● Expanded details in many areas including optical comparator use, hazardous materials, key and keyseat machining, 

and more

●● Updated images to complement textual content

●● This edition of Precision Machining Technology is also correlated to Precision Exams’ Machining I and Machining II exams, 

part of the Manufacturing Career Cluster’s Production Pathway.

A Note for Students: How to Use This Text

Do not become overwhelmed with all of the information. The text is arranged so that you may take each piece step by 

step. Pause and think about key and secondary terms while reading.
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Supplements 

Workbook and Projects Manual

The student Workbook and Projects Manual contains helpful review material to ensure that students have mastered key 

concepts in the text, and guided practice operations and projects on a wide range of machine tools that will enhance 

their NIMS credentialing success. All projects are keyed to NIMS Duties and Standards.

Instructor Companion Website

The Instructor Companion Website, found on cengage.com, includes the following components to help minimize in-

structor preparation time and engage students:

PowerPoint® lecture slides, which present the highlights of each chapter.

An Image Gallery, which offers a database of hundreds of images in the text. These can easily be imported into the 

PowerPoint® presentations.

An Answer Key file for the Core text and Workbook, which provides the answers to all end-of-chapter questions and 

the questions in the Workbook.

Cengage Learning Testing Powered by Cognero—a flexible online system that allows you to:

●● Author, edit, and manage test bank content from multiple Cengage Learning solutions.

●● Create multiple test versions in an instant.

●● Deliver tests from your LMS, your classroom, or wherever you want.

MindTap for Precision Machining Technology

MindTap is a personalized teaching experience with relevant assignments that guide students to analyze, apply, and 

improve thinking, allowing you to measure skills and outcomes with ease.

●● Personalized Teaching: Becomes YOURS with a Learning Path that is built with key student objectives.

●● Control what students see and when they see it—match your syllabus exactly by hiding, rearranging, or adding your 

own content.

●● Guide Students: Goes beyond the traditional “lift and shift” model by creating a unique learning path of relevant 

readings, multimedia, and activities that move students up the learning taxonomy from basic knowledge and com-

prehension to analysis and application.

●● Measure Skills and Outcomes: Analytics and reports provide a snapshot of class progress, time on task, engagement, 

and completion rates.
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Learning Objectives
After completing this unit, the student should be able to:

■● Define the term machining

■● Define a machine tool

■● Discuss the evolution of machining and machine tools

■● Identify the role of machining in society

■● Discuss the principles of the basic types of machining processes

Key Terms
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Computer Numerical 

Control (CNC)

Drill press

Electrical Discharge 

Machining (EDM)

End product
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INTRODUCTION
The word machining probably has very little meaning to 

the typical person today. However, nearly all people de-

pend on that word more than they could ever imagine. 

How can that be? What is machining and how does it 

influence everyday life?

The answers to these questions, and many others that 

will come up along the journey to discover the world of ma-

chining, involve exploring several different related topics.

First, the terms machining and machine tool need to 

be defined and many details of their definitions explained.

Next, a realization of how machining is connected to 

people’s daily lives is needed. Connections will be made 

to a wide variety of consumable and durable goods and 

even services used by millions of people worldwide.

Discussion of the equipment, tools, processes, and 

technology used in the world of machining is necessary 

to begin to understand the role of machining in society. 

A brief history of machining and how it has progressed 

over time also helps to portray the importance of the 

machining field in the past, present, and future.

Once an overview of these topics is complete, the jour-

ney into the complex world of machining will have begun.

MACHINING DEFINED
What is machining?

Merriam-Webster’s Dictionary defines machining in 

this way:

“to process by or as if by machine; especially: to reduce 
or finish by or as if by turning, shaping, planing, or mill-
ing by machine-operated tools.”1

This definition may not give a very clear picture of ma-

chining. It is from the year 1853, and its basic meaning 

is still correct, but that definition does not tell the whole 

story of machining.

Beginning with Merriam-Webster’s definition is a fine 

start. First, “to process by machine” means to use a ma-

chine to perform a task.

The second part of this definition, “to reduce or fin-

ish,” means to change size and/or shape by cutting a 

piece of material. Turning, shaping, planing, and milling 

are cutting methods. Materials that are machined are 

usually metals, but other materials, including plastics and 

graphite, can also be machined. 

Finally, the “machine-operated tools” used to per-

form the cutting are called machine tools.

All of these factors add to a definition of machining that 

is well suited for the topics discussed throughout this text:

Machining: Using machine tools to cut materials to 
desired sizes and shapes.

HISTORY OF MACHINING
Humans have used machine tools for centuries, begin-

ning with very primitive forms and advancing to the high 

levels of technology, precision, and efficiency that exist 

today. The earliest machine tools were hand powered, 

and progressed to being powered by animals or water, 

then steam, and finally electricity.

Simple Machine Tools
The bow drill is the simplest and most likely the first 

machine tool. The cord of a bow was wrapped around a 

round cutting tool and, when the bow was moved back 

and forth, the cutting tool rotated and produced a hole. 

Similar to the bow drill is another hand-powered machine 

tool called the pump drill. It was developed around the 

time of the Roman Empire and was common until the 18th 

century. In the pump drill, a cord still rotates the round 

cutting tool, but motion is up and down and more easily 

creates rotary cutting action to produce holes. Figure 1.1.1 

shows these simple hand-powered tools.

The spring pole lathe was developed in the 13th cen-

tury to produce cylindrical wooden parts. One end of a rope 

was connected to the part being cut and the other end to 

a spring pole, and power was produced by use of a foot 

1By permission. From Merriam-Webster’s Collegiate® Dictionary, 11th Edition 

© 2013 by Merriam-Webster, Inc. (http://www.merriam-webster.com/).

FIGURE 1.1.1 Examples of the earliest hand-powered machine 

tools. (A) The bow drill; and (B) the pump drill.

B

A
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4  Section 1  ●  Introduction to Machining

pedal. Cutting tools were then held against the rotating part 

to create cylindrical surfaces. Early settlers in North America 

used live saplings to build this type of machine tool at their 

home sites. Later a metal cutting version was developed.

The spring pole lathe had one drawback: its motion 

was not continuous. In the mid-18th century, John Sme-

aton developed the Great Wheel lathe that was powered 

by a drive cord or belt attached to a large wheel. One 

person spun the wheel to create power, and another per-

formed the machining. (See Figure 1.1.2.)

Industrial Revolution
Machine tools began to drastically improve with the be-

ginning of the Industrial Revolution in the late 18th cen-

tury. More products were being produced from metals, 

and better machine tools were needed.

In England in 1775, John Wilkinson developed a water 

wheel–powered boring machine to machine the inside of 

cannons. (See Figure 1.1.3.) Soon the machine began 

to bore cylinders for Boulton and Watts’s steam engines. 

That began the era of steam-powered machine tools.

In 1797, Henry Maudslay developed a machine that 

was able to accurately cut screw threads. This revolution-

ized manufacturing because interchangeable threaded 

parts could be produced.

In 1818, Eli Whitney produced the first milling ma-

chine. This machine tool was able to produce flat surfaces 

more easily than by hand with filing and scraping tools. 

Over the next several years, several individuals made im-

provements on Whitney’s machine and different models 

became available. Figure 1.1.4 shows an early milling 

machine from around 1860.

The post drill produced holes by turning a crank by 

hand. The crank turned gears that rotated the cutting 

tool and advanced it into the part being drilled. It was 

commonly used into the early 20th century before elec-

tricity became widely available.

Throughout the 18th and 19th centuries, steam-powered 

machine tools were driven by a series of belts that were 

connected to a large centralized wheel powered by a 

steam engine. During the Industrial Revolution, many 

companies began producing machine tools as metal cut-

ting operations became more common.

20th-Century Machining
In the early part of the 20th century, electric power began 

to replace steam power, and machine tools continued to 

become more complex, more precise, and more efficient. 

Better machine tools were able to produce more accu-

rate parts, which in turn produced even better machine 

tools, in a cycle of constant improvement.

In the early 1900s, Henry Ford’s creation of the assem-

bly line for mass production of automobiles relied heavily 

on machining. Parts needed to be machined efficiently to 

keep up with automobile assembly.

World War I and World War II both created huge 

growth in the machining industry in the United States as 

the country produced war-related materials.

FIGURE 1.1.2 The Great Wheel lathe.

FIGURE 1.1.3 John Wilkinson’s boring machine. It was first 

used to machine cannon bores, then cylinders for steam engines.

FIGURE 1.1.4 An early milling machine from around 1860. 

Horner, Joseph Gregory. Modern milling machines.
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 Unit 1  ●  Introduction to Machining  5

Up until the 1940s, machine tool movements were con-

trolled by levers, hand wheels, and geared transmissions. 

After World War II, great economic growth took place in 

the United States. Consumerism began, and the machin-

ing industry needed to become more efficient to support 

manufacturing. The invention of numerical control (NC) 

greatly improved machine tool performance. A language 

of machine code was developed and loaded on a punch 

card or tape and then fed into the machine tool to auto-

matically guide the motions of the machine and change 

tools without the need of an operator.

In the 1970s, the NC punch card or tape began to 

be replaced with computer numerical control (CNC). 

Instead of machine code being punched on the tape 

or card, code was entered through an integrated com-

puter on the machine tool. Continued advancement in 

computer technology and machine tool construction has 

resulted in machine tools that can produce intricate, com-

plex shapes with extreme accuracy and efficiency. When 

properly configured, they can also perform many opera-

tions with many different types of cutting tools while 

running without the need of an operator. Figure 1.1.5 

shows an ultra-modern CNC machine tool in operation.

THE ROLE OF MACHINING 
IN SOCIETY
Nearly every person depends either directly or indirectly 

on machining in some way. Without machining, very few 

goods and services used every day would exist. How is 

that possible? Some exploration is needed to find the 

answer.

People, Manufacturing, 

and Machining
Many think of manufacturing in terms of big-ticket 

items like cars and televisions, but everyone uses man-

ufactured items every day. Manufacturing simply 

means to produce something. Paper is a manufactured 

item. Plastic bags are manufactured items. So are tis-

sues, clothing, and many foods. End products are final 

manufactured items used by consumers. The machining 

industry produces end products and components that 

are assembled as end products, and supports manufac-

turing for the products used by people throughout the 

world every day.

Machining also normally involves producing sizes 

and shapes to high levels of precision. Some machining 

operations can produce sizes with variations of 0.0001 

inch or less of the desired size. This one ten-thousandth 

of an inch (0.0001) is approximately 1/50 of the thick-

ness of an ordinary piece of paper. Why do parts need 

to be produced with such precision? The answer is per-

formance and interchangeability of parts. When mating 

parts are assembled, high accuracy ensures proper fit 

and long life. Further, mating parts can be mass pro-

duced and interchangeable because they are manufac-

tured to standard sizes, instead of needing to be custom 

fit to each other.

Some common connections to machining can be 

made fairly easily, while others require more careful in-

vestigation. It is more obvious that machining is con-

nected to manufacturing of durable goods in a wide 

variety of industries, such as automotive, aerospace, 

and motor-sports, than to the paper, computer, or food 

industries.

Manufacturing in the United States

Recent history has convinced the vast majority of people 

that manufacturing is a dead industry in the United States. 

While it is certainly true that manufacturing has expe-

rienced some decline since the last several years of the  

20th century, the United States is still the leading manufac-

turing nation of the world. U.S. manufacturing was valued 

at $2.1 trillion in 2016. There were only eight other countries 

in the world whose entire economies were larger than the 

U.S. manufacturing sector. Further, more than three-fourths 

of the research and development activities conducted in the 

FIGURE 1.1.5 Today’s state-of-the-art CNC machine tools 

can be programmed to run unattended and machine extremely 

complex shapes.
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6  Section 1  ●  Introduction to Machining

United States are performed by manufacturing companies, 

leading the way for technological advancements in many 

different fields.

Manufacturing also plays a major role in supporting the 

American workforce. U.S. Bureau of Labor and Statistics 

2017 data show that there are more than 12.5 million 

people directly employed in manufacturing jobs in the 

United States. With a total workforce of approximately 

154 million, manufacturing provides employment to 

over 8 % of all U.S. workers. At the end of the first 

quarter of 2018, the average American worker in the 

manufacturing sector earned an hourly wage of $26.86. 

That equates to more than $55,600 annually based on 

the average 40.8-hour workweek. When benefits such as 

health insurance and retirement plans are included, the 

average manufacturing worker’s hourly wage rises to just 

under $39. That equates to slightly more than $81,000 

annually. These figures show that manufacturing is alive 

and well in the United States, the country is still a global 

leader in manufacturing, and manufacturing careers 

provide excellent salaries and benefits.

Aerospace, Automotive, 

and Motorsports

Automotive and aerospace industries rely heavily on 

machining and machine tools. Consider cars and planes 

as examples. These highly complex and technologically 

advanced vehicles contain parts that were produced by 

machining operations. Engine, drive-train, and suspen-

sion components, as well as wheels, gears, and instru-

mentation, are just a few examples, not to mention the 

countless variations of nuts, bolts, and washers used for 

assembly. Machining operations produce all of these 

parts precisely. The motor-sports industry also uses many 

of the same types of parts as those used in the automo-

tive and aerospace industries. (See Figure 1.1.6.)

Medical Fields

Other high-tech fields that are not easily seen as related 

to machining still depend on machining and machine 

tools for their existence. The medical field is one major ex-

ample. Machine tools produce many medical devices that 

are used in today’s high-tech surgical procedures. Surgical 

and dental tools, heart catheters; intravenous and hypo-

dermic needles; joint replacement parts for knees, hips, 

and elbows; replacement discs for the spinal cord; and 

even artificial hearts are produced by high-tech machin-

ing operations. By manufacturing these types of compo-

nents, machining operations and machine tools play key 

roles in medical and surgical advancements. Figure 1.1.7 

shows some machined parts used in the medical industry.

Plastics

In today’s society, plastic plays a role in nearly every aspect 

of life. Electronic items such as CD and DVD players, televi-

sions, portable digital music players, mobile phones, and 

computers all contain plastic parts. Plastic bottles, cups, 

and other containers are everywhere. Most children’s toys 

are plastic. All of these objects depend on the machining 

FIGURE 1.1.6 Machined shock absorber components and an 

assembled shock absorber used in motorsports racing.
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FIGURE 1.1.7 (A) Machining produces medical products such 

as this hip implant and (B) surgical tool.
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 Unit 1  ●  Introduction to Machining  7

industry. Many finished plastic parts are produced from 

molds when high numbers are required and sizes do not 

need to be extremely precise. Molds contain cavities that 

are made to the shape of the desired part and then filled 

with molten plastic. When the plastic cools, the mold is 

opened and the part is removed. Machine tools machine 

the molds for these types of plastic parts that are used 

by millions every day. Figure 1.1.8 shows a mold and a 

molded plastic part. Plastic parts that require very precise 

sizes or those produced in low numbers are often ma-

chined from solid pieces of plastic instead of being molded. 

Figure 1.1.9 shows some machined plastic components.

Other Durable Goods

Products in daily use, such as hand tools, metal cans, 

metal pans, and drinking glasses, as well as countless 

metal components used throughout the world, also need 

the machining industry to exist. Molds similar to those 

for plastics are used to create glass products. Tools called 

dies are used to cut or form sheet metal into desired 

shapes. Cans and pans are examples of parts made with 

one type of die called a forming die. A flat piece of metal 

is squeezed between two parts of the die to stretch it to 

the desired shape. Forging dies use great force to form 

hot pieces of metal into countless products, including 

wrenches, hammers, gears, crankshafts, hitches, and 

door hardware. Blanking and piercing dies punch out 

sheet metal products using the same principle as a paper 

hole punch. Sometimes several dies that pierce and form 

metal are mounted in one assembly called a progressive 

die. At each stage, operations are performed on the part, 

resulting in a finished end product. The components 

of these types of dies are made with machine tools.  

Figure 1.1.10 shows a progressive die assembly and the 

part produced by the die.

Consumable Goods

It is becoming clearer how machining is connected to 

durable goods that are manufactured, but how does 

machining relate to consumable items such as food, pa-

per, and clothing? The plastic packaging that holds many 

food items is made in molds (see Figure 1.1.11), and 

molds also actually form the shape of some foods, such 

as ravioli and snack foods.

Other consumables such as clothing and paper rely 

on machining indirectly, just like durable goods do. The 

equipment and machinery that produce clothing, paper, 

or any manufactured consumable product are built from 

parts that were created through machining processes. 

Hydraulic cylinders, shafts, conveyor rollers, and bear-

ings are a few examples of machined components used 

to produce equipment that in turn produces every man-

ufactured product used today.

MAJOR MACHINE TOOLS
There are some basic types of machine tools or 

machining operations. Each is designed and suited 

for specific applications. Many are greatly improved 

versions of the earliest handheld and hand-powered 

tools using the same basic principles of operation. 

FIGURE 1.1.8 One-half of a machined mold and the plastic 

molded part produced by the mold.
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FIGURE 1.1.9 Some machined plastic components.
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8  Section 1  ●  Introduction to Machining

Others are completely different technologies that have 

been developed recently. Machine tools are referred 

to as either conventional (or manual) or CNC types. 

Conventional machine tools require an operator to 

use hand-operated wheels or levers or engage geared 

transmissions to perform machining operations. They 

can usually perform only straight-line movements in 

one plane, or direction, at a time. Movements of CNC 

machine tools are directed by computerized controls. 

They can produce intricate, complex shapes with extreme 

accuracy and efficiency. When properly configured, they 

can also perform many operations with many different 

types of cutting tools while running without the need of 

an operator. Some types of machine tools are available 

in either conventional or CNC versions, while others are 

strictly CNC versions.

Sawing Machines
Sawing machines, often just called saws, use multi-

tooth saw blades to perform cutting. These machines 

are usually used to cut material to rough lengths or to 

remove large sections of material quickly in preparation 

for other machining operations. Two types of blades are 

generally used. Band saws use a band-type blade and 

are available in horizontal or vertical machine types, as 

shown in Figure 1.1.12. Figure 1.1.13 shows a saw that 

uses a circular-type blade. Some saws can be equipped 

with CNC controls to automatically cut multiple pieces of 

material very efficiently, as shown in Figure 1.1.14.

The Drill Press
The drill press performs holemaking operations by feed-

ing various types of rotating cutting tools into the work. It 

is normally used when precise hole locations are not neces-

sary. Figure 1.1.15 shows a typical conventional drill press.

The Lathe
The lathe is used to produce cylindrical parts and operates 

on the principle of moving a cutting tool across the sur-

face of a rotating piece of material. Operations that can 

be performed on the lathe include machining of exter-

nal and internal diameters, lengths, threads, grooves, and 

FIGURE 1.1.10 (A) This progressive die has eight stages. Each stage shapes the part further from a strip of material. At the final 

stage, the die cuts the finished part off the strip. (B) The final product. 

A B

FIGURE 1.1.11 (A) Machining produced this mold that forms plastic food packaging. (B) The package produced by the mold. 

A B
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 Unit 1  ●  Introduction to Machining  9

FIGURE 1.1.13 A circular-blade-type sawing machine. 
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FIGURE 1.1.12 (A) A horizontal band-sawing machine; and (B) a vertical band-sawing machine.
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10  Section 1  ●  Introduction to Machining

tapers. Figure 1.1.16 shows conventional and CNC lathes 

and a few sample parts produced by these machine tools.

The Milling Machine
Milling machines use rotating cutters moved across a 

part to remove material. These machine tools can use 

either a vertical spindle or a horizontal spindle and are 

available in conventional or CNC versions. Conventional 

types perform accurate holemaking operations and pro-

duce primarily flat surfaces. CNC versions can cut curves 

and contours. Figure 1.1.17 shows conventional and 

CNC milling machines and some examples of the types 

of parts produced by these machines.

Abrasive Machining
Abrasive machining refers to using grinding wheels in 

either a nonprecision or precision manner. Noncritical op-

erations are usually performed by hand on pedestal- type 

grinders like the one shown in Figure 1.1.18.

Precision grinders produce very accurate dimensions 

and very smooth surfaces. The most common types are 

surface grinders and cylindrical grinders. Surface grind-

ers produce flat surfaces like milling machines, but with 

higher precision. Cylindrical grinders produce cylindrical 

parts like lathes, but with higher precision. Both surface 

and cylindrical grinders are available in conventional and 

CNC versions. Figure 1.1.19 shows two types of preci-

sion grinders.

FIGURE 1.1.14 A CNC-controlled sawing machine. 
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FIGURE 1.1.15 The drill press is often used for holemaking 

operations.
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 Unit 1  ●  Introduction to Machining  11

FIGURE 1.1.17 (A) A conventional vertical spindle milling 

machine and (B) a CNC vertical spindle milling machine. 

(C) Some parts produced on milling machines. 

FIGURE 1.1.16 (A) Cylindrical parts are normally machined 

on either a (B) conventional lathe, or (C) a CNC lathe. 
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12  Section 1  ●  Introduction to Machining

FIGURE 1.1.18 A pedestal grinder can be used to perform 

shaping operations when high accuracy is not needed.

Electrical Discharge Machining
Electrical discharge machining, or EDM, uses electrical 

current to machine any material that will conduct electricity. 

No contact is made between tool and the part, but material 

is eroded away by the spark created when the tool comes 

in close proximity to the part. The ram- or sinker-type EDM 

uses an electrode that is the opposite of the form desired. 

It is commonly employed in mold making because a mold 

often requires a small internal radius, or a narrow feature, 

that cannot be machined by other methods. However, the 

opposite form can often be easily machined on the electrode 

in a milling machine or a lathe. Then the electrode can be 

used to produce the final desired shape in the mold. (See 

Figure 1.1.20.) The wire-type EDM uses a small-diameter 

wire to produce very intricate shapes and sharp inside 

corners that could not be machined by other methods. 

Its ability to maintain those shapes through relatively thick 

material is another added benefit. (See Figure 1.1.21.) 

EDM machines are classified as CNC machine tools, but 

some sinker/ram types perform only simple movements.  

A sinker/ram EDM can create pockets that do not pass 

entirely through a part. Features produced by wire EDM 

must pass completely through the part because the wire 

must be able to pass from a spool, through the part, and 

then be collected in a container. One disadvantage of the 

EDM is that the process is generally much slower than using 

lathes and milling machines. 

FIGURE 1.1.19 (A) A conventional surface grinder.  (B) A CNC cylindrical grinder.
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 Unit 1  ●  Introduction to Machining  13

FIGURE 1.1.20 (A) A machined graphite electrode that acts 

as the cutting tool in a sinker EDM. (B) The electrode mounted in 

the EDM to produce a mold cavity. (C) The work being machined 

by the EDM must be submerged in a liquid called dielectric fluid 

during operation.
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FIGURE 1.1.21 (A) The wire EDM uses a very small-diameter 

electrically charged wire to cut through material. A flow of wa-

ter helps to wash away the eroded material. (B & C) Examples of 

intricate parts than can be produced by the wire EDM.
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14  Section 1  ●  Introduction to Machining

Laser Machining
Laser machining uses a highly concentrated beam of 

light with temperatures up to 75,000°F to cut, groove, 

or engrave metals. Lasers are classified as CNC machine 

tools and can cut very hard materials easily. Figure 1.1.22 

shows a laser cutting operation.

Water Jet Machining
In water jet machining, abrasive grit is introduced into 

a very high-pressure, focused jet of water to perform cut-

ting. Such jets can cut through 6 inches of steel. This 

type of machine tool was developed in the 1960s but is 

becoming more widely used in the machining industry. 

Figure 1.1.23 shows a water jet cutting operation.

FIGURE 1.1.22 A laser machine tool in operation.
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FIGURE 1.1.23 A water jet machine uses a high-pressure wa-

ter stream containing an abrasive to cut materials.
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SUMMARY
■● The machining industry is a widespread and complex, but little-known, field. It uses machine tools to machine, or 

cut, material to desired shapes and sizes.

■● Manufacturing is simply the production of durable and consumable goods used by everyone, and machining has 

an impact on nearly every manufacturing process.

■● Machining can directly produce end products or components used in end products. Machining can also produce 

components of other machines or equipment required for the manufacture of end products.

■● Simple, hand-powered machine tools have existed for centuries and have been improved over time into highly 

efficient pieces of equipment capable of achieving extreme levels of precision.

■● Several major machine tools are widely used today, and many are controlled by integrated computerized controls 

that allow them to perform complex operations with little human input once they are set up.

■● Even though machining is not well understood, it has a great impact on many aspects of our lives.
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REVIEW QUESTIONS
1. Define the term machining.

2. What is a machine tool?

3. What is manufacturing?

4. List four industries that depend on machining.

5. What does the abbreviation CNC stand for?

6. What is the purpose of the drill press?

7. What machine tool produces cylindrical parts?

8. Briefly describe the primary purpose of sawing machines.

9. What machine tool is available with either horizontal or vertical spindle orientation and uses rotating cutting 

tools to primarily produce flat surfaces?

10. Abrasive machining makes use of _______________ to remove material.

11. What does the abbreviation EDM stand for?

12. What are the two types of EDM machines?

13. ________________ uses a high-pressure stream of water containing abrasive particles to cut material.

14. Briefly describe the principle of laser machining.
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Learning Objectives
After completing this unit, the student should be able to:

●● Identify and discuss careers in the machining industry

●● Identify and discuss careers in fields related to machining

●● Discuss the job outlook in the machining field

●● Understand and explain effective job-seeking skills

Key Terms

CNC machinist

Computer-Aided 

Design (CAD)

Computer-Aided 

Manufacturing 

(CAM)

Conventional 

machinist

Die maker

Engineering drawing

Industrial salesperson

Inspector

Machine tool service 

technician

Machinist

Manufacturing 

engineer

Manufacturing 

engineering 

technician

Mechanical designer

Mechanical engineer

Mechanical engineering 

technician

Metrology

Mold maker

Operator

Print

Programmer

Quality control 

technician

Set-up technician

Supervisor/manager

Toolmaker

Careers in MachiningUNIT 2
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INTRODUCTION
Throughout the Industrial Revolution and into the early 

part of the 20th century, people who worked with 

machine tools were usually referred to as mechanics. 

Their jobs were varied, as they performed manual labor 

in addition to operating machinery. With the great 

requirement for hands-on skills, these mechanics were 

highly skilled craftspeople.

As the machining industry grew through the 20th 

century, the term machinist replaced mechanic. The 

new term connected the person with the machine tool. 

The machinist was one who made a living at and was 

skilled in the use of machine tools.

Work for the machinist into the early 20th century 

was a combination of physical labor and mental effort, 

and working conditions were often dangerous and dirty.

As time progressed, machine tools, machining, and 

related industries became more complex. Specialty jobs 

in different areas of machining started to develop. Today, 

the title of machinist is often misunderstood and brings 

to mind antiquated visions of hard physical labor in dark, 

dangerous, sweatshop environments.

MODERN MACHINING CAREERS
Careers in the modern machining industry still require 

a combination of hands-on and mental skills but are 

far safer and far less physically demanding. Jobs are 

frequently in very clean, climate-controlled, high-tech 

environments. Workers in today’s machining industry 

are highly skilled professionals with a combination of 

hands-on and theoretical talent.

Due to an aging workforce in the machining field, 

there are shortages of qualified candidates in many fields 

of durable and consumable goods manufacturing. Those 

shortages equal opportunities for good-paying jobs with 

benefits and excellent working conditions. According to 

the Occupational Outlook Handbook website prepared 

by the U.S. Bureau of Labor Statistics (BLS), there should 

be good job opportunities for CNC programmers and 

operators and tool and die makers through the year 

2026, largely due to few people pursuing those career 

paths. This means that there should be more openings 

than qualified candidates. These conditions create an  

environment ripe with career opportunities.

Today there are many different jobs in the machining 

field and many jobs in related fields that require 

knowledge of machine tool operations and capabilities. 

All of these jobs require at least some knowledge of 

reading engineering drawings or prints. These are 

the drawings of parts to be machined and show shapes, 

sizes, and specifications that must be met. Figure 1.2.1 

shows an example of some engineering drawings.

The next sections give brief descriptions of primary 

responsibilities and tasks of these jobs. It must be stressed 

that there is frequently an overlap of skills, depending on 

the particular position and company. All of these jobs may 

be available in three basic roles: large-scale production 

manufacturing, small-volume custom manufacturing, 

and support positions for manufacturing.

The following websites are resources that can provide 

additional information and details about careers con-

nected to machining, as well as national statistics about 

career outlook and wage data.

http://online.onetcenter.org/ is the home page of 

O*NET, the Occupational Information Network 

(O*NET) developed under the sponsorship of the 

U.S. Department of Labor/Employment and Train-

ing Administration (USDOL/ETA).

http://www.careeronestop.org/ is the home page of 

Career One Stop, another website that is also 

sponsored by the U.S. Department of Labor.

http://www.bls.gov/audience/jobseekers.htm is a page  

of the BLS, which is also a part of the U.S. Depart-

ment of Labor.

http://www.dol.gov/dol/location.htm lists links to in-

dividual state agencies that provide career and  

employment data and resources speci�c to each 

U.S. state and territory.

Operator
Operator positions are available in both conventional 

and CNC machining environments but are more com-

mon in CNC facilities. They are often filled by entry-level 

employees who are beginning careers in machining, 

and they require little prior knowledge of machining. 

Operators place parts in machines and continually run 

a set operation or group of operations. They are often 

also responsible for measuring sizes to ensure parts 

meet specifications shown on engineering drawings.

Depending on the environment, operators may be  

responsible for keeping more than one machine tool 

running and checking measurements on parts from each 

machining process.

Set-up Technician
Set-up technicians prepare or set up machine tools so 

that operators can run them. These positions are more 

common in CNC environments than in conventional 

machining facilities. Set-up technicians may specialize 

in preparing only one type of machine tool, such as the 

lathe or milling machine. Others may be skilled in setting 

up multiple types of machine tools. In some jobs, set-

up technicians may be responsible for a certain number 

or group of machines. Set-up positions require previous 
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18  Section 1  ●  Introduction to Machining

school vocational education programs, certificate or 

associate degree programs, or apprenticeships is often 

needed for these jobs.

CNC Machinist
CNC machinists are very similar to conventional 

machinists except that they are normally skilled in 

the set-up and operation of CNC machine tools. They 

possess the skills of both the set-up technician and the 

operator. CNC machinists, like set-up technicians, may 

specialize in the use of one type or multiple types of 

CNC machine tools.

Many CNC machinists will, like conventional 

machinists, study prints, select material, and establish 

plans for machining operations. They will then use CNC 

machine tools to perform those machining operations 

and measure machined parts to ensure engineering 

drawing specifications are met.

Usually, but not always, CNC machinists will have 

experience in conventional machining, set-up, and  

operation as well and may use both conventional and 

CNC machines to perform their duties. Training for CNC 

machinists begins like that for conventional machinists, 

but also requires additional training in CNC applications.

machining experience and/or education provided by  

secondary career and technical education (CTE) programs 

or certificate or associate degree programs.

Set-up technicians select proper cutting tools and 

devices to hold parts and mount them in the machine 

tool. They will often load computer programs into CNC 

machine tools and modify machining operations or replace 

tools as needed to maintain part specifications. Set-up 

technicians work closely with operators who run CNC 

machines as well as those who program CNC machines. 

Figure 1.2.2 shows a set-up technician at work.

Conventional Machinist
Conventional machinists, or manual machinists, are 

highly skilled workers who usually have experience run-

ning almost every type of conventional machine tool. 

They normally do not specialize in one type of machine 

tool and work in environments where they must use 

many different machines to complete specific projects. 

Figure 1.2.3 shows a conventional machinist.

Conventional machinists will examine prints, select 

materials, establish process plans, and then perform all 

of the machining operations needed to complete a proj-

ect to meet print specifications. Training through high 
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FIGURE 1.2.1 An example of some engineering drawings, or prints, showing the shape and specifications of components to be 
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FIGURE 1.2.1 continued.

FIGURE 1.2.3 This machinist is cutting an internal thread in a 

custom part on a conventional lathe.

FIGURE 1.2.2 This set-up technician is setting up the cutting 

tools on a CNC lathe.

C
ou

rt
es

y 
of

 P
en

sk
e 

R
ac

in
g 

S
ho

ck
s

C
ou

rt
es

y 
of

 N
IM

S

Copyright 2020 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-208



20  Section 1  ●  Introduction to Machining

degree programs, associate degree programs, or ap-

prenticeships prepares die makers, mold makers, and 

toolmakers.

Die Makers

Die makers specialize in making cutting tools consisting 

of punches and dies that are used to either bend, form, 

or pierce metal parts. Figure 1.2.5 shows some typical 

punch and die components machined by a die maker.

Mold Makers

Mold makers specialize in machining molds and 

mold components for either plastic or die-cast metal 

parts. Molds contain cavities that are made in sections, 

which when assembled will have either molten plastic 

or metal forced into the molds. When the material 

cools, the mold is opened and the parts are removed. 

Figure 1.2.6 shows machining of a mold on a CNC 

milling machine.

Toolmakers

Toolmakers specialize in machining complex tools, jigs, 

fixtures, or machinery used to manufacture other parts. 

Jigs are devices that hold parts and guide tools for manu-

facturing processes. Fixtures hold parts for manufacturing 

Programmer
Programmers, sometimes called CNC or NC program-

mers, are the people who write programs consisting of 

machine code for CNC machine tools. They typically have 

previous experience as operators, set-up technicians, or 

CNC machinists and have advanced into programming 

positions. Programmer training is also similar to that 

needed by conventional and CNC machinists, but with 

additional training required in understanding machine 

programming languages.

Programmers may enter code directly into the machine 

tool using the machine’s computerized control or write 

programs with a typical word processing program that 

can then be loaded into the machine’s control system.

More complicated CNC programs require the use of 

computer-aided manufacturing (CAM) software. The 

programmer uses the computer software to select tools 

and cutting operations using a computer-generated 

virtual model of a part. (See Figure 1.2.4.) The CAM 

software then automatically generates the complex 

machine code that can be downloaded into the machine 

tool’s computerized control.

Die Maker, Mold Maker, Toolmaker
Die makers, mold makers, and toolmakers are very 

highly skilled specialists in the machining field. They 

are nearly always expert machinists, either in the use 

of conventional machine tools or both conventional 

and CNC machine tools. Those with CNC experience 

will likely be able to perform CNC programming on-

line or offline using CAM software. They may also use 

computer-aided design (CAD) software to design 

some of their projects. Assembly and troubleshoot-

ing of dies, molds, and tools are also responsibilities 

in these positions. Formal training through certificate 

FIGURE 1.2.4 CNC programmers often use CAM software to 

create complex programs for CNC machining operations. This 

software is simulating the program for the machining of a mold.
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FIGURE 1.2.5 A die maker machined these punch and  

die components that pierce out small pieces of sheet metal.  

They are part of a larger die assembly.
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FIGURE 1.2.6 CNC machining of this prototype mold is typical 

of the type of work performed by mold makers.
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 Unit 2  ●  Careers in Machining  21

manufactured efficiently and economically. Mechanical 

designer positions usually require at least an associate’s 

degree and often require a 4-year degree.

Engineering Positions

Mechanical Engineer

Mechanical engineers understand the theory of many 

topics, including selection and properties of materials. 

They usually design overall projects, assemblies, or systems 

using high-end computer software. An understanding of 

machining is helpful for the same reason as it is important 

to the mechanical designer.

Mechanical engineers can also work in areas of ma-

chine tool, cutting tool, or machine tool accessory design. 

Mechanical engineers usually need to have completed a 

bachelor’s degree.

Manufacturing Engineer

Manufacturing engineers establish manufacturing pro-

cesses and continually study and improve on those pro-

cesses. Often these are high-tech automated production 

lines. If a process includes machining operations, it is crucial 

that manufacturing engineers understand machining oper-

ations. If manufacturing engineers understand machining, 

they will be more efficient in determining needed compo-

nents to build production lines. These engineers will often 

work with machinists and/or toolmakers and die makers 

who produce components for manufacturing equipment.

Engineering Technician

Mechanical engineering technicians and manufac-

turing engineering technicians could be considered 

a cross between mechanical engineers and manufactur-

ing engineers. The engineers work more with theory and 

design, but engineering technicians work in the actual 

construction or testing of mechanisms, machinery, and 

equipment. Engineering technician jobs usually require an 

associate’s degree, and some require bachelor’s degrees.

processes. Figure 1.2.7 shows an example of a fixture 

designed and machined by a toolmaker.

Die makers, mold makers, and toolmakers typically 

work from highly detailed engineering drawings, plan 

and perform required machining operations, and then 

perform the final assembly and fitting of all the machined 

components to ensure that the final die, mold, or tool 

performs as required. Die makers and toolmakers are 

often called tool and die makers, as their work is very 

closely related, and many toolmakers and die makers are 

experienced in both specialty areas.

Supervisory Positions
After sufficient practical experience is gained in the ma-

chining field, there can be opportunities for advancement 

into a position of a supervisor or manager. People 

in these positions normally do not perform machining  

operations, but are responsible for planning, scheduling, 

purchasing, budgeting, and personnel issues.

RELATED CAREERS
There are some careers that are closely related to or that 

support machining. They include design, engineering, 

service, sales, and inspection positions.

Mechanical Designer
Mechanical designers use CAD software to draw mod-

els or engineering drawings that are used as reference 

for machining operations. (See Figure 1.2.8.) Designers 

are normally given overall parameters or specifications 

from engineers, and then they design components or 

subassemblies for use in larger assemblies.

A general knowledge of machining capabilities is im-

portant to the designer so designs can be machined or 

FIGURE 1.2.7 A fixture used for holding parts that was 

designed and machined by a toolmaker. A strip of material is 

mounted on the fixture and a CNC milling machine cuts the pro-

file of the finished parts.

FIGURE 1.2.8 A mechanical designer used CAD software to 

design this mold used to produce plastic food storage containers.
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22  Section 1  ●  Introduction to Machining

technicians may travel around the country or the world. 

These service technicians need to have troubleshooting 

and problem-solving skills as well as understand the 

function and repair of mechanical, electrical, electronic, 

hydraulic, and pneumatic systems.

Quality Control Technician/

Inspector
Whenever and wherever machining operations are being 

performed, there is always a need for inspection of parts 

to be sure they meet specifications. Some companies 

employ quality control technicians or inspectors skilled 

in metrology, the science or practice of measurement, 

to perform this function. Training for these positions can 

vary greatly depending on the complexity of the job. 

Some may require only company training while others 

require 4-year degrees in metrology.

Inspectors may move from machine to machine to 

inspect parts or parts may be brought to a station or 

an inspection lab. The inspector’s job is to confirm all 

specifications and report to the person responsible for 

maintaining those specifications. Inspectors will often 

work closely with operators or set-up technicians to 

quickly identify errors so corrections can be made. They 

often use highly specialized measuring equipment.  

(See Figure 1.2.9.)

These technicians will, like manufacturing engineers, 

frequently work with machinists and toolmakers and 

die makers when building equipment. Basic machining 

knowledge is important so they can interact with those 

types of people and complete needed tasks accurately 

and efficiently.

Sometimes engineering technicians will actually have 

machining backgrounds and may perform some ma-

chining operations as they construct projects. In these 

cases, working knowledge of machine tools is even more 

important.

Machine Tool Service Technician
Given the variety and number of machine tools in service  

in the machining industry, there is certainly the need 

for repairs to the pieces of equipment. Machine tool  

service technicians travel into the field to perform re-

pairs as needed. They are like the appliance repairpersons 

of the machining industry. Service technicians frequently 

complete apprenticeships and may receive specialized 

training provided by machine tool manufacturers.

Machine tool service technicians can specialize in one 

type or many types of machines. They may work for a 

particular machine tool manufacturer or for a company 

that services many different manufacturer brands. 

Depending on the employer, machine tool service 

FIGURE 1.2.9 A quality control technician uses specialized measuring instruments to inspect machined components.
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Industrial Salesperson
Sales jobs exist in a few different areas. Machine tool 

manufacturers, cutting tool or machine accessory man-

ufacturers, and industrial suppliers can employ sales-

people. In each case the industrial salesperson visits 

customers and prospective customers to discuss their 

needs in order to gain their business. They may travel  

locally or nationally and often deal with supervisors, 

managers, machinists, and toolmakers and die makers.

SUMMARY
●● Many different careers are available in machining and related fields. These occupations have evolved from mostly 

hands-on jobs to those that also require the use of new technology.

●● The machining and related career fields offer many different jobs requiring different levels of skill and education. 

Jobs in these fields often offer opportunities for career advancement.

●● Today many careers in the machining industry pay well and offer excellent working environments and there are 

currently opportunities for successful careers in the machining field in the United States.

●● Because of the wide variety of industries and jobs that rely on machining, the field can provide a variety of reward-

ing careers.

REVIEW QUESTIONS
1. What is an engineering drawing and what is its purpose?

2. What is the primary duty of a machine tool operator?

3. What occupation involves preparing tools and machines for machining operations?

4. Briefly describe a CNC programmer’s responsibilities.

5. What is CAM software?

6. What is CAD software?

7. What career advancement opportunities exist for employees in the machine tool industry?

8. What career area related to machining deals with designing, establishing, and improving products and/or manu-

facturing processes?

9. What occupation requires knowledge of several different types of systems in order to troubleshoot and repair 

machine tools?

10. What is metrology?
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Learning Objectives
After completing this unit, the student should be able to:

●● Identify and understand personal skills needed for success in the 

machining field

●● Identify and understand technical skills needed for success in the machining field

●● Show understanding of training opportunities and methods available to 

gain skills required for the machining field

●● Create a career plan

●● Create a resume

●● Create a cover letter

●● Compile a list of references

●● Create a thank-you letter

●● Describe a portfolio and its importance

●● Use different methods to find job opportunities

●● Conduct a practice interview

Key Terms

Apprentice

Apprenticeship

Associate degree

Baccalaureate degree

Career and Technical 

Education (CTE)

Certificate

Journeyperson

National Institute for 

Metalworking Skills 

(NIMS)

On-the-Job Training 

(OJT)

Personal skills

Technical skills

Vocational education

Workplace SkillsUNIT 3
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INTRODUCTION
Every career requires certain skills for success, and ca-

reers in the machining field are no different. Since there 

is often a lack of understanding of machining careers, 

there is also often a lack of understanding of the skills 

and knowledge needed to be a successful professional in 

the industry. All machining careers require a combination 

of mental and hands-on skills, although the blend may 

differ in different positions. Many of these abilities can 

be labeled as personal skills, or soft skills, that are largely 

part of someone’s personality or nature but that can be 

honed and improved over time with practice. Others are 

technical skills, or practical skills, that are largely learned 

through various methods of formal and informal training 

and practice. There is, however, some overlap between 

personal and technical skills.

Once someone has the skills that are needed for in-

dustry employment, the search for a job must begin. 

There are several steps to take along this path, and there 

are some key job-seeking activities to pursue.

This unit will discuss the personal and technical skills 

commonly needed for success in machining careers and 

provide some job-seeking suggestions that can help 

someone find the job that is a good fit.

Once again, the following resources can provide 

additional information about skills required for specific 

jobs as well as data on wages and the outlook for 

machining jobs.

http://online.onetcenter.org/ is the home page of 

O*NET, the Occupational Information Network 

(O*NET) developed under the sponsorship of the 

U.S. Department of Labor/Employment and Train-

ing Administration (USDOL/ETA).

http://www.careeronestop.org/ is the home page of 

Career One Stop, another website that is also 

sponsored by the U.S. Department of Labor.

http://www.bls.gov/audience/jobseekers.htm is a page 

of the Bureau of Labor and Statistics, which is also 

a part of the U.S. Department of Labor.

http://www.dol.gov/dol/location.htm lists links to 

individual state agencies that provide career and 

employment data and resources speci�c to each 

U.S. state and territory.

PERSONAL SKILLS
Personal skills are largely part of an individual’s per-

sonality or natural ability, but they can be honed or im-

proved with practice. Some are purely physical, some 

are purely psychological, and some are a combination of 

both. All play a key role in achieving success in machin-

ing careers.

Mechanical Aptitude
Mechanical aptitude is a combined mental and physical 

skill. It refers to the ability to visualize and understand 

basic laws of how things work and move. That includes 

the relationship between moving parts and the concept 

of cause and effect.

This skill is critical in the machining field, as there are 

many relationships occurring at the same time between 

machine tools, cutting tools, and the materials they cut. 

Those kinds of connections also exist in complex tool or 

machinery assembly. The talent to assess many factors 

and predict results is a daily occurrence for many machin-

ists, mold makers, toolmakers, and die makers, and it is 

important for success in those machining jobs.

Manual Dexterity and Eye-Hand 

Coordination
Manual dexterity and eye-hand coordination describe 

the physical ability to precisely control hand motions. 

Performing intricate operations involving small move-

ments to make fine adjustments is common in the ma-

chining field. This occurs during hand tool and machine 

tool operations as well as during assembly procedures.

Problem-Solving, Troubleshooting, 

and Decision-Making Skills
Problem solving, or troubleshooting, means being able to 

recognize when something is incorrect and then making cor-

rections to fix errors. Because of the complexity of many pro-

cesses in machining, it is not always easy to identify causes of 

problems. It is also an asset to be able to look at a situation 

and predict areas where problems might arise before they 

occur. This skill can be improved by training in machining  

principles, but the base capability of making judgments  

using many pieces of information is largely an instinctive skill.

Once problems are identified, decisions need to be 

made to correct them. To make good decisions, analyze 

as much information as is available. Then identify possi-

ble solutions. By projecting and comparing the outcomes 

of each possible solution, you can make decisions that 

provide the best expected result.

Focus and Concentration with 

Attention to Detail
To become successful in the machining industry, the 

machine tool professional must have a high level of 

concentration as well as an eye for detail. Because of the 

high-precision nature of machining, even small lapses 

in attention can lead to large errors and huge losses of 

time and money. The complexity of normal daily tasks 

also calls for attention to minor details to ensure that 

specifications and goals are being met.
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machining industry associations and forums. This skill 

can be partially learned by becoming familiar with ter-

minology and the format of types of sources, but it also 

requires a solution- and detail-oriented mind-set to know 

what to search for.

Interpersonal Skills
In the machining field, there is often the need to work 

with others. Many times, you must work with people 

who are skilled in areas that you are not. There is a need 

to communicate effectively to share information. When 

working in a team setting, all members should value each 

other’s input and cooperate to meet required goals and 

objectives. Respect for others and their opinions creates 

a positive environment that will promote continuous 

improvement and success.

Significant Memory Use
There is an incredibly large amount of information 

required to perform machining operations and become 

highly skilled and successful in the field. No one can 

remember every small piece of information, but there 

are many of these small, but very important, pieces of 

information that are used every day in the industry and 

are needed for even small tasks. There are certainly times 

when reference materials need to be used, but many, 

many mathematical formulas, machining principles, 

and concepts used on a daily basis need to become 

second nature in order for you to perform efficiently and 

effectively.

TECHNICAL SKILLS
Technical skills are those that can be learned and 

improved with practice. Many are the “hands-on” 

abilities that need to be combined with personal skills in 

order to build a successful career in machining.

Ability to Interpret  

Engineering Drawings
Engineering drawings or prints are the plans or maps to 

creating parts through machining operations. They are 

a two-dimensional representation of three-dimensional 

parts and contain many important facts about types of 

materials to be used, part dimensions, required degrees 

of precision, surface and finish requirements, and other 

engineering specifications.

A significant amount of time needs to be invested 

to become proficient in understanding the language 

of engineering drawings. This usually involves studying 

sample prints and performing mathematical calculations 

using decimal and fractional numbers.

Persistence and Patience
Machine tool professionals must have the mind-set 

to stay on task until projects are complete. They also 

must take the time and precautions to make sure that 

work is done correctly. There are many tasks, especially 

in intricate part machining, programming, and mold, 

die, and toolmaking, that take long periods of time to 

complete, and often little visible progress is seen on a 

daily basis. Instant gratification and completion is not 

usually the norm for those in the machining field, so it 

is necessary to possess or develop long-term vision and 

goals and be able to persist at work that can be time 

consuming and tedious.

Personal Responsibility  

and Reliability
People in positions such as set-up technician; program-

mer; machinist; die, mold, and toolmaker; and espe-

cially manager are frequently given responsibility for 

progress and project completion with very little supervi-

sion along the way. For this reason, these jobs require 

personal accountability to meet both short-term and 

long-term goals. These people must strictly meet speci-

fications and ensure that final products are correct, so 

it is necessary for a person to take ownership of his or 

her own work.

Ability to Perform  

Multi-Step Processes
Due to the lengthy procedures and multiple steps needed 

to perform even common everyday operations, the ma-

chining industry worker must be capable of performing 

those steps accurately. Following written or verbal in-

structions is also crucial to complete daily duties.

Ability to Use Technical  

Reference Materials
Machine tool technical manuals and complex reference 

books are very common in the field, so the skill of find-

ing information in these different forms is fundamental 

to accomplishing many machining objectives. Reference 

materials can be textbooks or technical manuals. The In-

ternet is also a valuable resource for obtaining techni-

cal information through educational, manufacturer, and 

Because of the highly automated and powerful equip-

ment used today, loss of concentration and attention 

can create unsafe situations leading to personal injury 

or even death.

CAUTION!
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Knowledge and Skill in the Use  

of Computer Technology
The computer is becoming a larger part of more and 

more occupations today. It is understandable that CNC 

programmers, designers, engineers, and managers need 

computer skills. But many other machining jobs require 

computer use also. Software is used in the field to per-

form tasks such as communication via email between co-

workers, companies, departments and divisions of larger 

companies, and customers. Computer programs can be 

used to track orders, hours, and projects as they progress 

through different stages. The Internet can be a valuable 

resource to find and order tools and materials. For these 

reasons, today’s machining professionals would be wise 

to learn basic computer skills.

TRAINING OPPORTUNITIES/
METHODS
The technical skills required for successful machining  

careers can be learned through several different  

methods, ranging from programs provided by pub-

lic schools, community colleges, and universities to  

employer provided education. Some of the methods 

also aid in developing and improving personal skills as a  

complement to technical training.

Secondary School (High School) 

Programs
Many public school districts in the United States offer 

opportunities for basic to intermediate training related 

to the machining industry. The major benefit of training 

provided by the public school system is that there is no 

tuition cost to the student. Some high schools offer 

very basic hand and machine tool exposure through 

technology educational programs. These courses usually 

take place during one daily class period and last for 

one quarter or one semester. They can provide a brief 

introduction of machining to students and act as a 

gateway to other options.

Career and technical education (CTE) or vocational  

education historically has provided hands-on training  

in the trades to high school students to prepare them  

for career paths in various industries. These types of 

programs can provide training that covers topics in 

the machine tool field more broadly and deeply. These 

elective programs offer far more hours of education than 

standard high school technical courses and are usually 

offered at a common location for students in a particular 

geographic region. These specialty schools have many 

different names, including career centers, career and 

technology centers, and vocational high schools, and 

Knowledge of English and Metric 

Systems of Measurement
In today’s global economy, there is a great deal of 

manufacturing that must meet specifications in both 

the United States and other countries around the 

world. For that reason, workers in the machine tool 

industry need to be able to recognize, compare, and 

convert measurements between the English, or inch, 

system and the metric system. Fortunately there are 

many tables and conversion charts available, but the 

skilled machining professional should be able to learn 

to use memory to reasonably visualize sizes in both 

inches and millimeters.

Proficient Math Skills
Whether planning or performing machining operations 

or conducting measurements, math plays a major role 

in the daily duties of machining professionals. Fractional 

and decimal operations as well as conversions between 

the two are needed every day. Basic skills in algebra, 

geometry, and right-angle trigonometry are also vital to 

performing common tasks.

Use of Hand Tools, Measuring Tools, 

and Machine and Cutting Tools
Different projects have different requirements accord-

ing to specifications given on engineering drawings; so 

different tools will be used depending on those spec-

ifications. There are a very large number of different 

specialty hand, measurement, and cutting tools and 

machines in the industry, so those in machining careers 

must be able to select the proper tool for any given 

situation. Most of the tools used in the machining field 

are also very expensive, and many are very delicate, so 

proper use and care is necessary to avoid damage that 

leads to loss of time and money. Learning about the 

many tools in machining also requires a major invest-

ment of time.

Understanding of Metals and Other 

Materials and Their Properties
Machined parts can be manufactured from many differ-

ent types of metals or other materials such as plastics, 

graphite, carbon fiber, or fiberglass. Metallurgy is the 

science of metals, and the basics must be learned to un-

derstand the characteristics of many different types of 

metals and how they will react during machining opera-

tions. That knowledge can also be applied in selecting 

the proper metal for a given application. The same can 

be said for nonmetal materials. There are many differ-

ent compositions and grades of plastic, graphite, carbon 

fiber, fiberglass, and other materials.
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Unstructured employer training is when a company 

teaches an employee only the skills that are needed to 

perform his or her current job or perhaps a future job in 

the company. The instruction occurs during the course of 

the normal operations during the work day and is usually 

given to meet only immediate needs.

Structured training exists in companies that have more 

formal, established training programs, but again these 

programs are frequently specific to the individual com-

pany’s needs. Employees may receive instruction over a 

specified time period, and when they learn and demon-

strate new, higher-level skills, they will likely receive wage 

increases and different job titles.

Apprenticeships
Some companies’ training programs are called appren-

ticeships. Company trainees, called apprentices, receive  

a certain number of hours of practical training in machining  

operations during normal working hours. Apprentice-

ships can be internal, or relating only to a company.  

Others are sponsored by either a state labor department 

or the U.S. Department of Labor.

Internal or Company-Provided 

Apprenticeships

These are similar to the structured training programs  

discussed earlier, but upon completion of these  

apprenticeships, the employee receives the title of a  

journeyperson and is expected to be able to perform 

any machining operation required by that company.  

Company apprenticeships may or may not require  

classroom training outside regular work hours. They can 

be as short as 1 year or as long as 5 years in duration. Skills 

learned through completion of a company-sponsored  

apprenticeship are usually recognized by other companies 

in the same local area, but completion may not carry as 

much weight as state or nationally sponsored programs.

State or Nationally Recognized 

Apprenticeships

These apprenticeships are more formal programs that 

combine theoretical and practical education for a person 

while the person is employed in the machining industry. 

Such apprenticeships are sponsored by and accountable to 

either a state’s labor department or the U.S. Department 

of Labor. Companies agree to provide a certain number of 

hours of practical training in machining operations during 

normal working hours. Apprentices must also attend classes 

outside their working day to learn theoretical aspects of the 

machining field. These classes are usually offered at a local 

technical or community college. As apprentices progress 

through these programs, they receive wage increases. Upon 

successful completion of an apprenticeship, the apprentice 

earns the title of a journeyperson and is expected to have a 

operate in a few different formats. Some of these schools 

are part time, where students split their attendance 

between their regular high schools and these specialty 

schools on a split-day schedule or an alternating weekly 

schedule over a period of 2 to 3 years. Others utilize 

senior-year-only systems where students attend full time 

and spend most of the day in a machining lab and only 

one to two class periods daily in academic courses.

The major benefit of this type of training is that there 

is no tuition cost to students, and some CTE programs 

provide instruction that is comparable to the first year 

of some post-secondary technical education programs. 

Further, this type of education can provide a solid back-

ground for further education or immediate entry into the 

workforce with above-average wage earning potential.

Post-Secondary Training
Post-secondary education in machining skills is offered 

through technical schools and colleges, community col-

leges, and universities. Many different schools offer 

training programs ranging from general machining to 

specialty areas of CNC programming; die making, mold 

making, and toolmaking; metrology; engineering; and 

engineering technologies. These programs vary in length 

from approximately 18 months to 4 years or longer.

Technical Schools  

and Community Colleges

Technical schools and community colleges usually offer 

certificate and/or associate degree programs. Certifi-

cate programs focus primarily on practical lab application 

courses and applied or practical academics. Associate 

degree programs normally require the same lab courses, 

but also call for more theoretical academic courses than 

certificate programs. Both of these programs can gener-

ally be completed within 2 years.

Universities

Universities normally offer associate (2-year) and  

baccalaureate (4-year) degrees. The 4-year programs 

normally offer more theoretical education and training in 

the specialty areas such as engineering disciplines.

Employer-Provided Training
Some employers provide training to employees while 

they are receiving wages. Companies will sometimes 

hire inexperienced employees at low wage levels as 

operators and move them into different positions as 

their skills increase. Further, companies may also need 

to provide training for specific specialized areas and 

may send employees off-site or bring trainers on-site to 

meet that need. This type of education is called OJT or 

on-the-job training. OJT can either be unstructured 

or structured.
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Keep the plan simple so you can actually use it. Being 

honest with yourself is important. No one else needs 

to see your career plan, but you could ask someone to 

review it if you like. Listing strengths and weaknesses is 

a good idea. Then you know where you can excel and 

where you need to improve. Everyone can improve in 

some areas.

Update your plan every year, because you and your 

goals will probably change over time. Referring back to 

your career plan will help guide you in the direction you 

want to go. Here are a few questions that should be an-

swered in your career plan.

●● What duties or tasks required in the industry do I like 

to do, and which ones do I not like?

●● What duties or tasks do I perform best, and which 

ones do I need more practice at?

●● Where do I want to work and live? What state or 

country? In a rural or urban setting?

●● What kind of company do I want to work for? Large 

or small?

●● Do I want to own my own business?

●● Do I want to continue my education?

●● Do I want to advance or move into other areas of the 

industry?

●● Where do I want to be a year from now? Three years 

from now? Ten years from now?

By answering these types of questions, you will look 

for opportunities that fit your wants and needs.  

Figure 1.3.1 shows an example of a simple career plan.

Resume
Everyone should have a resume to show skills and edu-

cation that are relevant to their chosen career fields. It is 

best to limit your resume to one or two pages. Prospec-

tive employers are distracted by having to flip through 

multiple pages when reviewing resumes. Resumes can 

be written in many different styles, but they should all 

contain the same key parts. Figure 1.3.2 shows a sam-

ple resume layout of someone with no work experience 

seeking a first job. Refer to it while reviewing the follow-

ing resume elements.

Personal Information

Across the top of your resume, write your name,  

address, phone number, and possibly email address. 

Make your name the largest text on the resume for easy 

identification.

Career Objective

A career objective is a short statement about your  

career goal. It can also list one or two of your important 

skills. Wording your objective in a way that shows how  

strong set of skills and knowledge related to the profession 

as a whole, not just a particular company. They also 

receive certification from the state or the United States. 

Credentials earned through these apprenticeships are 

usually more widely accepted than those earned through 

a company’s internal apprenticeship. Apprenticeships 

can vary in length, but they average between 4 and 6 

years. They are available in general machining, as well as 

specialties such as CNC programming, mold making, and 

toolmaking and die making.

NIMS
The National Institute for Metalworking Skills (NIMS) 

is an organization that plays a vital role in training for 

the machining industry. NIMS has established national 

benchmarks, or standards, for performance and knowledge 

related to several different areas of the machining industry. 

Many educational institutions and machining companies 

across the United States offer opportunities for individuals 

to earn certifications in those areas. The certifications 

are competency based, which means a person will gain 

certification only if rigid standards of performance are met.

NIMS has also developed a competency-based ap-

prenticeship program that requires apprentices to 

meet nationally recognized standards before receiving  

journeyperson status. This is different from many  

apprenticeships, where completion is based on the  

number of hours spent in the program instead of  

meeting any specific levels of achievement.

NIMS certifications can be an asset to any person  

desiring to build a successful career in the world of  

modern machining. The topics covered in this text address the 

knowledge and skill areas required to achieve competency 

in the field and earn NIMS machining certifications. To learn 

more about NIMS, visit http://www .nims-skills.org.

JOB SEEKING
Specific skills needed for success in machining careers 

and methods to gain those skills have been identified. 

Next, there are some key steps to finding the job that 

is right for you. The first step is to have a career plan. 

Creating a resume and cover letter, along with a list of 

references, summarizes your skills and goals. Then you 

must find opportunities, show your interest in those  

opportunities, and be prepared to pursue them.

Career Plan
The purpose of a career plan is to help you pursue a  

career path that will give you satisfaction, not frustration. 

The plan is an evaluation of yourself and a list of your 

career goals. A goal is like a target; if you do not have 

one, you will never hit it.
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Education

If you have formal education related to the job you are 

applying for, list that information next. Start with the 

current (or most recent). List the name of the institution 

(school, college, university, etc.), its location (city and 

state), what type of credential you earned—such as a 

diploma, certificate, or degree—and the date you earned 

that credential.

You can also list any special achievements you accom-

plished during your education, such as honor roll, dean’s 

list, or extracurricular activities.

Other

If you have earned any special awards or certifications 

that are not related to the previous topics, list them 

here. Also include membership in organizations or clubs. 

Examples include those related to community, social, or 

religious organizations. This section can have a title such 

as “Achievements” or “Community Activities.”

you would benefit the potential employer is a good 

idea. Avoid overused phrases such as “hard-working” 

and “dedicated.” An employer expects these qualities, 

and has probably seen those words on countless other  

resumes. Make yours different, so it stands out.

Skills/Work Experience

List your abilities here. Start with those that are directly 

related to the job. Then list additional skills that might set 

you apart from other candidates for the job. For exam-

ple, even if you are applying for an entry-level machine 

operator position, you could list computer or commu-

nication skills. These might show an employer that you 

have skills that could lead to advancement.

If you have employment experience, list your jobs in 

reverse chronological order, starting with your current or 

most recent one. List the dates worked, company name 

and location (city and state), and job title. Then list your 

job responsibilities using action words.

 John Doe’s Career Plan

Things I like to do:  Things I don’t like to do:

• Precision Measuring/Inspection • Hacksawing

• Lathe Operations • Filing

• Vertical Milling Operations • Deburring

• CAM Programming • Pedestal Grinding

• CNC Lathe Set-up/Operation • Assembly

• CNC Mill Set-up/Operation • Cutting Raw Material

    • Surface Grinding

What am I good at?

• Programming

• CNC Mill Set-up

• Short Projects

• Inspection

Where I do need more practice?

• CNC Lathe set-up

• Long projects-patience

• CAM programming

I want to live in a very rural area like Wyoming or Montana.

I want to work within a 45-minute drive of my home.

I only want to work a day-shift job.

I want to work for a small company with about 10–50 employees.

I want to get a 4-year degree in engineering or design.

Within 3 years, I want to start working on my 4-year degree.

Within 5 years, I want to become a foreman or lead person.

Within 10 years, I want to � nish my 4-year degree and move into design.

FIGURE 1.3.1 Simple career plan.
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 John Doe

123 Main Street • Anytown, ZZ 54321 • Phone: 123-456-7890 • E-Mail: 
johndoe@anyserver.com

Objective

Goal-oriented student seeking an entry-level CNC machining position with a company 

that will allow me to apply my training, grow with the company, and help the 

company succeed.

Skills

•  Solid knowledge of g-code programming and program formats for CNC 
milling machines and lathes

• Ability to select proper tooling for CNC machining operations
•  Capable of set-up and operation of CNC machine tools equipped with ABC 

and XYZ controls
• Skilled in the use of semi-precision and precision measuring tools
• Capable of following verbal and written instructions
•  Working knowledge of word processing, spreadsheet, email, and Internet 

software

Education

Well-Known Technical College Bigtown, BB 2011–2014

• Received Associate Degree in CNC Machining Technology in June 2009
• Member of Student Machine Tool Safety Committee
•  Earned NIMS Level 1 Machining Certi� cations in CNC Milling and CNC 

Turning

Anytown Career Center Anytown, ZZ 2009–2011

• Received Certi� cate in Precision Machining Technology in June 2007
• Member of National Student Organization 
• Earned the following NIMS Level 1 Machining Certi� cations

• Measurement, Materials, and Safety

• Job Planning, Benchwork, and Layout
• Drill Press Operations
• Turning Between Centers Operations
• Turning/Chucking Operations
• Vertical Milling Operations

Community Service

• Volunteer at Anytown Retirement Community
• Member of Anytown Volunteer Fire Department

References

Available on request

FIGURE 1.3.2 Sample resume.
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References
References are people you know who can provide posi-

tive information about your attitude, work ethic, and 

skills. References should be people who are not family 

members. Teachers, coaches, guidance counselors, pas-

tors, and neighbors can all serve as references. Always 

ask permission before using someone as a reference 

and record their names, addresses, and phone numbers. 

Compile a list of about six references, because you may 

want to use different people as references for different 

jobs. Let your references know that you are actively seek-

ing a job so if employers contact them, they will not be 

surprised and unprepared to answer questions about 

you. Figure 1.3.3 shows a sample list of references.

Keep your list of references separate from your  

resume and write “References available on request” at 

the bottom of your resume.

Cover Letter
A cover letter introduces you to a prospective employer. 

It needs to create enough interest for the person reading 

it to look at your resume. A poor cover letter might pre-

vent a resume from ever being read. Like resumes, cover 

letters can be written in many styles, but they should 

contain the same basic elements. A cover letter should 

always be typed or prepared using word processing soft-

ware and printed. Never submit a handwritten cover let-

ter. Refer to the sample cover letter in Figure 1.3.4 while 

reviewing the following elements.

Greeting

Try to find out the name of the person receiving the let-

ter. If it is not known, try searching for a company web-

site and directory. You can also call the company and ask 

for the name of the person in charge of human resources 

or personnel. Personally addressing your cover letter is 

much better than using a generic greeting. Address the 

person as either Mr. or Ms., not by first name, and be 

sure to spell the name correctly. If the person’s name  

cannot be determined, use a reference line and greeting 

like this:

RE: CNC Operator Position

Greetings:

Then begin the body of the letter. This may not be 

ideal, but it is better than the impersonal, outdated 

“Dear Sir or Madam” or “To whom it may concern.”

Body

If you are applying for a specific job, refer to it in the first 

paragraph. Also state how you learned about the job. 

Write something specific about the company to show 

that you are interested in its business. A little research 

 References for John Doe

Dave Johnson

CNC Machining Instructor

Well-Known Technical College

1 Education Drive

Bigtown, BB

321-123-5555, Extension 105

Mike Davis

Machining Instructor

Anytown Career Center

100 Career Lane

Anytown, ZZ

123-321-4321, Extension10

John Smith

Guidance Counselor

Anytown Career Center

100 Career Lane

Anytown, ZZ

123-321-4321, Extension 12

Steve Michael

Science Instructor

Anytown High School

12 Main Street

Anytown, ZZ

123-321-1234, Extension 302

Tim Edwards

Director 

Anytown Retirement Community

50 Country Road

Anytown, ZZ

123-321-1111, Extension 101

Bob Jones

Pastor

Anytown Community Church

4321 Pine Street

Anytown, ZZ

123-321-4444

Ron Thomas

Chief

Anytown Volunteer Fire Department

Anytown, ZZ

123-321-7777

FIGURE 1.3.3 Sample list of references.
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