
Contel1ts 

Preface xiii
 

About the Author xix
 

Acknowledgments xxi 

Nomenclature xxiii 

Glossary xxvii 

1 Introduction 1
 
1.1 Stainless Steels and Super Alloys as Difficult-to-Cut Materials 1
 

1.1.1 Historical Background ofStainless Steels and Super Alloys 2
 
1.1.1.1 Stainless Steels 2
 
1.1.1.2 Super Alloys 3
 

1.1.2 Industrial Applications ofStainless Steels and Super Alloys 3
 
1.1.2.1 Stainless Steels 3
 
1.1.2.2 Super Alloys 4
 

1.2 Traditional and Nontraditional Machining Processes 4
 
1.2.1 Importance ofMachining in Manufacturing Technology 4
 
1.2.2 Classification ofMachining Processes 6
 
1.2.3 Variables ofMachining Processes 9
 

1.2.3.1 Input (Independent) Variables 9
 
1.2.3.2 Output (Dependent) Variables 9
 

References 10
 

2 Types and Classifications of Stainless Steels 11
 
2.1 Role of Alloying Elements in Stainless Steels 11
 
2.2 Types of Stainless Steels 13
 

2.2.1 Basic Alloys ofStainless Steels (Ferritic, Martensitic, Austenitic) 13
 

si5-20
Stamp

bsti
Typewritten Text
671.35 YOU




viii Contel\ts Contents 

2.2.1.1 Ferritic Stainless Steels ofA1S1-Designations 13 4.3.2.1 
2.2.1.2 Martensitic Stainless Steels also ofAISI-Designation 18 4.3.2.2 
2.2.1.3 Austenitic Stainless Steels ofAISI-Designation 19 4.3.2.3 

2.2.2 Derived Alloys ofStainless Steels (Duplex, PH-Alloys) 22 4.3.2.4 
2.3 Concluding Comments and Comparative Characteristics 23 4.3.3 Applica 
References 26 4.3.4 Cutting 

4.3.4.1 
3 Types and Classifications of Super Alloys 27 4.3.4.2 

3.1 General Features and Classifications 27 4.3.4.3 
3.2 Types of Super Alloys 28 4.3.5 Cutting 

3.2.1 Fe-Base Alloys 31 4.3.5.1 
3.2.2 Ni-Base Alloys 34 4.3.5.2 
3.2.3 Co-Base Alloys 39 4.3.5.3 

References 41 4.3.5.4 
4.3.5.5 

4 Traditional Machining - Machinability, Tooling, and Cutting Fluids 43 4.3.5.6 
4.1 Machinability Concept in Metal Cutting 43 4.3.5.7 

4.1.1 Definition and General Aspects 43 References 
4.1.2 Quantifying and Criteria ofMachinability 44
 

4.1.2.1 Tool Life Criterion 46 5 Traditional Machini 
4.1.2.2 Cutting Forces and Power Consumption Criterion 48 5.1 Machinability 0 

4.1.2.3 Suiface Finish Criterion 50 5.1.1 Free-Ma 
4.1.3 Enhancing Machinability ofDifficult-to-Cut Materials 50 5.1.2 MachiTIG 

4.1.3.1 Adoption ofFree Machining Steels and Alloys 50 Stainlesj 
4.1.3.2 Thermally Assisted Machining (Hot Machining) 52 5.1.2.1 
4.1.3.3 High Speed Machining 52 5.1.2.2 
4.1.3.4 Ultrasonic-Assisted Machining 60 5.1.2.3 
4.1.3.5 Advanced Cooling Techniques 61 5.1.2.4 
4.1.3.6 Cryogenic Treatment ofTool Materials 63 5.1.3 Enhance 

4.2 Cutting Tool Materials 63 5.1.4 Machina 
4.2.1 Characteristics ofan Ideal Tool Material 64 5.2 Traditional Mac 
4.2.2 Types of Cutting Tool Materials 65 5.2.1 Turning 

4.2.2.1 High Speed Steel (HSS) 65 5.2.1.1 
4.2.2.2 Cast Nonferrous Alloys (Stellite and UCON) 67 5.2.2 Drilling 
4.2.2.3 Cemented Carbides (Widia) 69 5.2.2.1 
4.2.2.4 Cemented Titanium Carbides (TiC-Based Tools) 73
 
4.2.2.5 Cermets 73 5.2.3 Reaming 
4.2.2.6 Ceramics (Alumina-Based Tools) 73 5.2.3.1 
4.2.2.7 SiALON 74
 
4.2.2.8 Cubic Boron Nitride (CBN) 74 5.2.3.2 
4.2.2.9 Diamond 75 5.2.4 Milling 

4.2.3 Tool Materials for Machining ofStainless Steels and Super Alloys 75 5.2.5 Broachin 
4.2.3.1 Cutting Tool Materials for Stainless Steels 76 5.2.6 Grinding 
4.2.3.2 Tool Materials for Super Alloys 77 5.3 Surface Treatme 

4.3 Cutting Fluids for Stainless Steels and Super Alloys 81 5.3.1 Chemica 
4.3.1 Functions, Characteristics, and General Considerations 81 5.3.2 Passivati 
4.3.2 Types ofCutting Fluids 82 References 



Contents Contents ix 

tions 13 4.3.2.1 Water-Base Liquids 82
 
-Designation 18 4.3.2.2 Neat Oils 83
 
nation 19 4.3.2.3 Liquid Gas or Cryogenic Coolants 83
 
/loys) 22 4.3.2.4 Solid Lubricants 84
 

23 4.3.3 Application Methods 84
 
26 4.3.4 Cutting Fluids for Stainless Steels 85
 

4.3.4.1 Sulfa-chlorinated Cutting Oils 85
 
27 4.3.4.2 Emulsifiable Fluids 86
 
27 4.3.4.3 Selection ofCutting Fluid for Stainless Steels 87
 
28 4.3.5 Cutting Fluids for Super Alloys 88
 
31 4.3.5.1 Turning, Planing, Shaping, and Boring 88
 
34 4.3.5.2 Broaching 88
 
39 4.3.5.3 Drilling and Reaming 89
 
41 4.3.5.4 Tapping and Thread Cutting 89
 

4.3.5.5 Milling 89
 
gFluids 43 4.3.5.6 Sawing 89
 

43 4.3.5.7 Grinding 89
 
43 References 91
 
44
 
46 5 Traditional Machining of Stainless Steels 93
 

n Criterion 48 5.1 Machinability of Stainless Steels 93
 
50 5.1.1 Free-Machining Additives ofStainless Steels 94
 

erials 50 5.1.2 Machinability ofFree- and Nonfree-Machining
 

Alloys 50 Stainless Steels 97
 
achining) 52 5.1.2.1 Ferritic and Martensitic Alloys 99
 

52 5.1.2.2 Austenitic Alloys 100
 
60 5.1.2.3 Duplex Alloys 101
 
61 5.1.2.4 PH-Alloys 102
 
63 5.1.3 Enhanced Machining Stainless Steels 102
 
63 5.1.4 Machinability Ratings ofStainless Steels 102
 
64 5.2 Traditional Machining Processes of Stainless Steels 103
 
65 5.2.1 Turning 103
 
65 5.2.1.1 Form Turning and Cutting Off 104
 
67 
69 5.2.2.1 Important Hints When Drilling
 

5.2.2 Drilling 106
 

edTools) 73 Stainless Steels 107
 
73 5.2.3 Reaming 1I0 
73 5.2.3.1 Tool Geometry of Reamers for 
74 Stainless Steels 1I0 
74 5.2.3.2 Reaming Parameters III
 
75 5.2.4 Milling 111
 
75 5.2.5 Broaching 1I2 
76 5.2.6 Grinding 1I4 
77 5.3 Surface Treatments of Stainless Steel after Machining 1I4 
81 5.3.1 Chemical Cleaning (Pickling) 1I5 

rations 81 5.3.2 Passivating 1I6 
82 References 1I8 



x Conten~s Contents 

6 Traditional Machining of Super Alloys 119 7.4.3 LaserB 
6.1 Machinability Aspects of Super Alloys 119 7.4.4 Plasma 
6.2 Machinability Rating of Super Alloys 120 7.5 Nontraditional 

6.2.1 Machinability as Based on Tool Life and Nominal References 
Cutting Speeds 121 

6.2.2 Machinability as Based on Specific Cutting Energy 124 8 Nontraditional Mac 
6.3 Traditional Machining Processes (TMPs) of Super Alloys 125 8.1 Mechanical No 

6.3.1 Challenges and Machining Guidelines for Super Alloys 126 Stainless Steels 
6.3.2 Turning 127 8.1.1 let Mac 
6.3.3 Drilling 130 8.1.2 UltrasOi 
6.3.4 Reaming 133 Super A 
6.3.5 Milling 133 8.1.3 Abrasivi 
6.3.6 Broaching 137 8.2 Electrochemica 
6.3.7 Grinding 139 Steels and Supe 

6.3.7.1 Selection ofGrinding Wheel Designation 139 8.2.1 Electroc 
References 140 8.2.2 Shaped 

Steel an, 
7 Nontraditional Machining Processes - an Overview 141 8.2.3 Electro-~ 

7.1 Nontraditional Machining Processes 141 8.2.4 Electroc 
7.2 Mechanical Nontraditional Processes 142 and Sup 

7.2.1 let Machining 142 8.2.5 Chemic£ 
7.2.1.1 Abrasive Jet Machining 142 8.2.5.1 
7.2.1.2 Water Jet Machining 143 8.2.5.2 
7.2.1.3 Abrasive Water Jet Machining 145 8.2.6 Photoch 

7.2.2 Abrasive Flow Machining 146 8.3 Thermoelectric 
7.2.2.1 Parameters Affecting MRR ofAFM 147 8.3.1 Electric 
7.2.2.2 Advantages ofAFM 147 8.3.2 Electric( 

7.2.3 Ultrasonic Machining 147 8.3.2.1 
7.2.3.1 Transducer and Magnetostriction Effect 149 8.3.2.2 
7.2.3.2 Acoustic Horns (Mechanical Amplifiers 8.3.3 Electron 

or Concentrators) 150 8.3.4 Laser BE 
7.2.3.3 Process Capabilities 150 8.3.5 Plasma, 

7.3 Electrochemical and Chemical Machining Processes 151 8.4 Economical Am 
7.3.1 Electrochemical Machining 151 of Turbo-machil 

7.3.1.1 Process Capabilities 152 8.5 Nontraditional ~ 

7.3.1.2 Pulsed Electrochemical Machining (PECM) 154 8.6 Thermally-Assh 
7.3.1.3 Shaped Tube Electrolytic Machining (STEM) 156 8.6.1 Suiface j 

7.3.1.4 Electro-stream (ES) or Capillary Drilling 158 Steels an 
7.3.2 Electrochemical Grinding 159 8.6.2 Laser As 
7.3.3 Chemical Machining 160 8.6.3 Plasmal 

7.3.3.1 Chemical Milling (CH-milling) 160 andPH-, 
7.3.3.2 Photochemical Machining (Spray Etching) 162 References 

7.4 Thermoelectric Processes 164 
7.4.1 Electrical Discharge Machining 164 9 Current and Recent 

7.4.1.1 Types ofGenerators, Applicable for ED-Machines 165 Steels and Super AlII 
7.4.1.2 Process Capabilities 165 9.1 General Conside 

7.4.2 Electron Beam Machining 166 9.2 Recent Research 



Contents 

119
 
119
 
120
 

121
 
124
Y 
125
 

llays	 126
 
127
 
130
 
133
 
133
 
137
 
139
 
139
 
140
 

141
 
141
 
142
 
142
 
142
 
143
 
145
 
146
 
147
 
147
 
147
 
149
 

150
 
150
 
151
 
151
 
152
 
154
 
156
 
158
 
159
 
160
 
160
 
162
 
164
 
164
 
165
 
165
 
166
 

Contents	 xi 

7.4.3	 Laser Beam Machining 168
 
7.4.4	 Plasma Arc Cutting 172
 

7.5 Nontraditional Machining Processes - an Outlook 173
 
References 177
 

8	 Nontraditional Machining of Stainless Steels and Super Alloys 179
 
8.1	 Mechanical Nontraditional Machining Processes of
 

Stainless Steels and Super Alloys 179
 
8.1.1	 Jet Machining 179
 
8.1.2	 Ultrasonic Machining (USM) ofStainless Steels and
 

Super Alloys 180
 
8.1.3	 Abrasive Flow Machining ofStainless Steels and Super Alloys 181
 

8.2	 Electrochemical and Chemical Machining Processes of Stainless
 
Steels and Super Alloys 183
 
8.2.1	 Electrochemical Machining 183
 
8.2.2	 Shaped Tube Electrolytic Machining (STEM) ofStainless
 

Steel and Super Alloys 194
 
8.2.3	 Electro-stream (ES) Machining ofStainless Steel and Super Alloys 196
 
8.2.4	 Electrochemical Grinding (ECG) ofStainless Steels
 

and Super Alloys 196
 
8.2.5	 Chemical Milling (CH-Milling) 196
 

8.2.5.1 MRR and Depth Tolerance	 197
 
8.2.5.2 Surface Quality	 198
 

8.2.6	 Photochemical Machining (Spray Etching) 199
 
8.3	 Thermoelectric Machining Processes 201
 

8.3.1	 Electric Discharge Machining (EDM) 201
 
8.3.2	 Electrical Discharge Milling ofSSs and SAs 204
 

8.3.2.1 Fields ofApplications ofED-Milling	 204
 
8.3.2.2 Advantages and Limitations ofED-Milling	 205
 

8.3.3	 Electron Beam Machining 206
 
8.3.4	 Laser Beam Machining 206
 
8.3.5	 Plasma Arc Cutting 210
 

8.4	 Economical Analysis of ECM and Thermo-electrical Processes
 
of Turbo-machinery Components 211
 

8.5	 Nontraditional Micro-drilling of Deep Holes - a Comparison 214
 
8.6	 Thermally-Assisted Machining of Stainless Steels and Super Alloys 214
 

8.6.1	 Surface Integrity and Removal Rates for TAM ofStainless
 
Steels and Super Alloys 215
 

8.6.2	 Laser Assisted Turning (LAM) of1nconel-718 216
 
8.6.3	 Plasma Assisted Turning (PAT) ofSuper Alloys 

and PH-Stainless Steel 217
 
References 218
 

9	 Current and Recent Developments Regarding Machining of Stainless
 
Steels and Super Alloys 221
 
9.1	 General Considerations 221
 
9.2	 Recent Research Work Related to Traditional Machining of Stainless Steels 222
 



xii Contents, 

9.3 Recent Research Works Related to Traditional Machining of Super Alloys 230 
9.4 Recent Research Work Related to Nontraditional Machining 

of Stainless Steels and Super Alloys 242 
References 245 

Appendix 249 

Review Questions 253 Preface 
Index 265 

The term machining cove 
removing a portion from' 
used to convert forgings, 
and finished to fulfill de 
machining is characterize 
and surface quality in the 

The development of nl 
which a parallel develop 
tional machining techniq 
shapes in extra-hard an 
traditional methods. 

In highly developed ind 
been estimated at about 
approach and minor impf( 
importance in high volurn 

During recent decades, 
as hardened steels, stainl 
composite materials are fl 
removal rate when mach 
milling, grinding, and so 
materials to certain shape 
and utilizing the results of 
future to process many of 1 

to-cut using traditional or· 
This book mainly cove 

super alloys, which repre: 
modem industrial applical 



Index 

19-9 DL (UNS K63198) super alloy 29,33,
 
35, 122-4
 

A-A-A (alkaline-add-alkaline) passivation
 
treatments 116-17
 

abrasion NTMPs 6-9,141-2
 
abrasion TMPs 6-9,114, 159-60
 
abrasive flow machining (AFM) 7-9, 142,
 

146-7,175-6,181-3,213
 
abrasive jet machining (AJM) 6-9, 142-6,
 

174-6, 179-83
 
abrasive slurry 147-51
 
abrasive waterjet machining (AWJM) 6-9,
 

142-6,174-6,179-83,257-8
 
acoustic horns, USM 148, 150
 
advanced cooling techniques, machinability
 

enhancement methods 50--1,61-3,222
 
aircraft engines 3,4,34-41,53-60,75-81, 141,
 

180--217,256-7
 
AiResist 13 super alloy 32,34, 121-4
 
AiResist 213 super alloy 29,34,40, 122-4
 
AiResist 215 super alloy 34, 122-4
 
airfoils 187-8
 
AISI 1045 62-3
 
AISI4130 125
 
AISI 4340 56-9
 

AISI designation system 11-26,31-3,44-50,
 
51,66, 121-4,255
 

see also stainless steel. ..
 
AISI-200series 12,16-26,99,103,200-17
 
AISI-215 200-17
 
AISI-300 series 2-3, 11-12, 16-26,51-2,
 

94-105,108,116-17,126,179-217,
 
222-45
 

AISI-301 18,25,200--17
 
AISI-302 12, 16-26, 102-3, 115, 117, 184-217
 
AISI-303 2-3, 17-26,94-103, 116, 117, 126,
 

184-217,222-45
 
AISI-304 16-26,95,98-105,115,117,126,
 

180--217,222-45
 
AISI-316 11-12,16-26,98-105,117,179-217,
 

222-45
 
AISI-321 17-26, 103, 105-6, 115, 194-217,245
 
AISI-34717-26,99-103,200--17
 
AISI-400 series 2-3, 13-26,52,94-102, 103,
 

179-217,228-45
 
AISI-410 15-26,98-102,103,117,184-217
 
AISI-414 15-26,100--2,194-217,228-45
 
AISI-420 15-26,99-103,116-17,200--17
 
AISI-430 2-3, 13-26,98-102,
 

116-17,200--17
 
AISI-1212 121-4
 

Machining ofStainless Steels and Super Alloys: Traditional and Nontraditional Techniques. 
First Edition. Helmi A. Youssef.
 
© 2016 John Wiley & Sons, Ltd. Published 2016 by John Wiley & Sons, Ltd.
 

si5-20
Stamp

bsti
Typewritten Text
671.35 YOU



1

266 Index 

AIS1-B1112 machinability reference 
material 45-50, 102-3
 

AI-2017 191-3
 
AI-alloys 3,50,51,54,55-9,77,83-91,
 

161,190--3,250
 
Al-Si alloys 59, 75
 
alumina 73-6,90--1, 168
 
antibacterial properties of stainless steels 4
 
Argon-Oxygen Decarburitization (ADD) 12
 
ARTEsol SuperEPy 226--7
 
artificial neural networks (ANNs) 230
 
asbestos 145-6
 
ASTM A967 117
 
Astroloy super alloy 30,33,37-9, 122-4,
 

185-217
 
ATAYAX 77
 
atomic masses, elements 249-50
 
atomic numbers, elements 249-50
 
austenitic PH-SS 23-6, 97-8, 102, 115
 
austenitic stainless steels 6, 11-26, 31-41,
 

76--81,94-117,180--217,222-45
 
automotive industry 53-4
 

B-1900 super alloy 32, 34, 122-4
 
back rake geometry 130--40, 223-45
 
ball bearing steel 103
 
basic SS-alloys, concepts 13-22, 23-6
 
beryllium copper 257
 
biomedical joint implants 27
 
bismuth (Bi) 51-2, 95-117
 
blisks 191-3,211-13
 
bonded abrasives 6--9
 
Borazon 127-40, 196
 
boring 7-9,79-80,88
 
boron (B) 37-41,58--61,64,65,74-5, 180--3
 
brass 46,188,199-201,244-5,250
 
broaching 6--9,76--8,83-91,112-15,125,137-9
 
bronze 54,68,75,250
 
buffing 7-9
 
built-up edge (BUE) 2,43-52,68,74,77,81-91,
 

100--17,126-40,222-30,233-4,242-5
 
burrs 6,101-2,159--60,175--6,179-217
 
BZN 74-5
 

C-263 super alloy 33, 122-4
 
calcium-deoxidized steels 51-2
 
capillary drilling see electro-stream
 
carbide-tipped reamers 80, 103-4, 110--11, 133,
 

231-45
 
carbides 1-2,6-9,12,20--1,39-40,46,58-81,
 

86--7,101-40,142--6,180--3,222-45
 

carbon nano tube (CNT) 243-4
 
carborundum wheels 114
 
Carpenter-Trademark of AK Steel Corp. 112-15
 
cast iron (gray) 68, 75, 250
 
cast iron (white) 68,75,250 
cast nonferrous alloys 65--6, 67-8
 
cast super alloys 27-41, 120--40 
cemented carbides 69-73,75-81 
cementite 65-7
 
ceramics 1-2,6--9,46,58-9,63-6,73-81,127,
 

141-83,207,223-30,233-45
 
cermets 65, 73, 223-30
 
characteristics, elements 44-91, 93-117,
 

249-50
 
chatter 2,9-10,52, 101-17
 
chemical dissolution wear 59-60
 
chemical machining (CHM) 6--9,142, 160-3,
 

174-6, 183-201
 
chemical milling (CH-milling) 160-2, 174-6,
 

196-9,202
 
chemical vapor deposition techniques
 

(CYDs) 67,72-3,75,228-30
 
chip breakers 43-50,55-7,62-3,83-91,
 

104-17, 119-40
 
chip disposal criterion 43-50,55-7,94-5,
 

106--17
 
chip formation 2,6-9,13,43-91,100--17,
 

119-40
 
chip-flushing 61,81-91 
chlorides 11-12,18-26,40,116-17 
chlorinated EP-oils 83,85-8,89-91 
chromium oxide 3-4,114-17 
Cincinnati Universal Milling Machine 237-8
 
classification of machining processes 6-10
 
climb milling 133-4
 
CMSX-2 super alloy 34
 
CMSX-4 super alloy 32,34,202-17,239-45 
CMSX-6 super alloy 34
 
CMSX-I0 super alloy 32, 34
 
CNC-Iathes 228-30, 234-5, 243
 
Co-based super alloys 4,27-41,60,79-81, 

88-91,119-40,185-217,231-45,257 
coated carbides, cutting tool materials 77-9,
 

104-17,127-40,223-38
 
coatings 28,59--60,62,67-81,84-91, 126-40,
 

207-17,223-30,233-45
 
comparative characteristics, stainless 

steels 23--6, 100--2 
composites 1-2, 6--9, 179-83
 
cooling techniques 50--1,61-3,71-3,81-91, 

127-40,225-30,242,257-8 

Index 

corrosion resistance 1-4, 1
 
81-91,93-117,245,~ 

corundum wheels 114
 
crater wear 52, 59-63, 73­

creep feed grinding (CFO)
 
creep resistance strength lltl
 

4,27-41,120-40,23.
 
crevice corrosion 11-12,1
 
CrN coatings 237-9
 
cryogenic applications 27
 
cryogenic cooling techniqu
 

83-91,222
 
cryogenic treated tooling ~
 

crystal characteristics at 20
 
Cu-alloys 75,161, 196--7
 
cubic boron nitride (CBN)
 

127-30, 139-40, 15~
 

Custom 450 24
 
Custom 455 24, 115
 
Custom 465 117
 
Custom 630 117, 184-21~
 

Custom age 625 PLUS SUI
 

Custom Flo 302 HQ 117
 
cutting (chipping) tools 2­

119-40,207-17,222 
cutting fluids 9-10, 44-51
 

104-17,127-40,222
 
257-8
 

cleanliness requirement
 
types 82-4,85-91,112
 

cutting force/power outpu
 
44-91,119-40,222­


cutting forces, cutting spe
 
cutting off and form turniJ
 
cutting parameters 9-10,
 
cutting speeds (v) 2,9-H
 

120-40, 180-217, 2~
 

effects on outputs in H:
 
222-45
 

tool wear 59,61, 120­

cutting temperatures, cutt
 

222-30
 
cutting tool clamping 45­


131-40
 
cutting tool materials 45­


103-17,119-40,22
 

deep hole drilling 87-8,
 
210,214-15,239-4 

definite geometry TMPs 
degreasing solutions 11 ~ 



Index Index 267 

NT) 243-4
 
Is 114
 
kofAK Steel Corp. 112-15
 

,75,250 
,75,250 
ys 65--{i,67-8 
-41,120-40 
69-73,75-81 

46,58-9,63-6,73-81,127,
 
23-30,233-45
 

30
 
ents 44-91,93-117,
 

101-17
 
wear 59-60
 
(CHM) 6-9, 142, 160-3,
 

1
 
H-milling) 160-2, 174-6,
 

sition techniques
 
-3,75,228-30
 
,55-7,62-3,83-91,
 

n 43-50,55-7,94-5,
 

9,13,43-91, 100-17,
 

-91
 
26,40, 116-17
 

83,85-8,89-91
 
, 114-17
 
Milling Machine 237-8
 

hining processes 6-10
 

34
 
32,34,202-17,239-45
 
34
 

Y 32,34 
,234-5,243 
s 4,27-41,60,79-81, 
185-217,231-45,257 

'ng tool materials 77-9,
 
,223-38
 
62,67-81,84-91,126-40,
 
,233-45
 
ristics, stainless
 

2
 
, 179-83
 
0-1,61-3,71-3,81-91,
 
242,257-8 

corrosion resistance 1-4,11-13,14-26,27-41, 
81-91,93-117,245,253-4
 

corundum wheels 114
 
crater wear 52,59-63,73-4, 101-17, 126-40
 
creep feed grinding (CFG) 1-2
 
creep resistance strength at elevated temperatures
 

4,27-41,120-40,231-45,256
 
crevice corrosion 11-12, 116-17
 
CrN coatings 237-9
 
cryogenic applications 27
 
cryogenic cooling techniques 50-1,61-3,
 

83-91,222
 
cryogenic treated tooling 50-1,63,222
 
crystal characteristics at 20C, elements 249-50
 
Cu-alloys 75, 161, 196-7
 
cubic boron nitride (CBN) 58-61,64,65,74-81,
 

127-30, 139-40, 159-60, 168
 
Custom 450 24
 
Custom 455 24, 115
 
Custom 465 117
 
Custom 630 117, 184-217
 
Custom age 625 PLUS super alloy 33
 
Custom Flo 302 HQ 117
 
cutting (chipping) tools 2-10,43-92, 103-17,
 

119-40,207-17,222-45 
cutting fluids 9-10,44-50,60-3,81-91,
 

104-17,127-40,222,225-30,242,
 
257-8
 

cleanliness requirements 82,88-9, 115
 
types 82-4,85-91,112,257-8
 

cutting force/power output variables 9-10,
 
44-91,119-40,222-45
 

cutting forces, cutting speeds 57-9,222-30
 
cutting off and form turning 76-8
 
cutting parameters 9-10, 44-50
 
cutting speeds (v) 2,9-10,45-91,98-117,
 

120-40,180-217,222-45
 
effects on outputs in HSM 57-9, 120-4,
 

222-45
 
tool wear 59,61, 120-4,223-45
 

cutting temperatures, cutting speeds 58-9,
 
222-30
 

cutting tool clamping 45-50,71-91, 101-17,
 
131-40
 

cutting tool materials 45-50,58-60,63-81,
 
103-17,119-40,222-45
 

deep hole drilling 87-8, 109-17, 130-3,202,
 
210,214-15,239-45
 

definite geometry TMPs 6-9
 
degreasing solutions 114-15
 

depths of cuts (t) 45-91,105-17,127-40,226-45
 
derived families of stainless steels 13, 22-6
 
diamond 1-2,58-9,63-4,65,74-5,168
 
difficult-to-cut materials (DTCs) 1-4,50-81,
 

179-83,221-2,240-5
 
diffusion-limited wear 59-60
 
direct current electrochemical machining
 

(DCECM) 191-3
 
Discaloy (UNS K66220) super alloy 30-1,33,
 

35, 121-4
 
drilling 1-2,6-9,76-8,80,87-91,94-117,
 

125,130-3,203-17,231-45
 
duplex stainless steels 12-13, 21, 22--{i, 76-81,
 

97-8,101-3,105-17,256
 
duralumin 46
 
Dynetics D080 183
 

ecological aspects of output variables 9-10
 
economic analysis of ECM and thermoelectric
 

NTMPs of turbo-machinery 211-13
 
ED-milling 204-6,243-5
 
electric discharge machining (EDM) 6-9,
 

141-2, 151, 158, 164-5, 174-6, 180,
 
201-7,211-15,240-5
 

electrical resistivity properties of metals/
 
alloys 250-1
 

electro-stream (ES) 158-9, 196,214,245
 
electrochemical grinding (ECG) hybrid
 

process 142, 159-60, 174, 196-7
 
electrochemical machining (ECM) 6-9, 141-2,
 

151-62,174-6,180,183-201,211-17,245
 
electrode wear rate (EWR) 242-5
 
electrolytes 151-62,175-6,183-201
 
electron beam machining (EBM) 6-9, 166-9,
 

174-6,206-7,214,240-5
 
enhanced machining stainless steels 102
 
environmental concerns 51,61-3,82,83,96,
 

117,166-7,257
 
erosion NTMPs 6-9, 141-2, 164-76
 
ESAP Automation Ltd 145
 
etchants 7-9,142, 161-4, 174-6, 196-201,
 

242-5
 
excimer lasers 169-72
 
exotic materials 5,210
 
expansion properties of metals/alloys 2,
 

44-50,250-1
 
extreme pressure (EP) 83, 85-8
 

Faraday's Equation 151-2, 156, 183-93
 
fatigue resistance strength 12, 27-41, 64-91,
 

227-45,256-7
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fatty oils, definition 83, 87
 
Fe-based super alloys 4,27--41,77-81, 119-40,
 

185-217,257
 
feed rates (t) 45-91,98-117, 120-40, 189-217,
 

222-45
 
ferric chloride 200--1
 
ferritic SS-alloys 2-3,13-26,52,76-81,94-117
 
ferritic-austenitic duplex alloy 21, 22-6
 
ferrous cutting tool materials 65-81
 
fibre-reinforced composite materials 1-2,6-9,
 

146, 179-83
 
flash attacks 116, 256
 
flooding application of cutting fluids 84-5
 
forming processes 5,20,26,27-31,87-91,
 

93-11 7, 120-40
 
fracture toughness comparisons 76
 
free-machining alloys 2-3, 14-26,50-91,
 

93-118,221-2,229-30
 
free-machining stainless steels 51-2, 93-118,
 

221-2,229-30,256
 
friction at the tooUchip interface 43-91,237-8
 
FSX-414 super alloy 34
 

G-ratios 90-1
 
garnet 168-72,208-10,222-30,234-5,258
 
gas-assisted LBM 169-72,206-10,222,244-5
 
GC3015 233--4
 
gear cutting 7-9,83-91
 
General Electric Company 54,74-5
 
glass 145-6,168, 180
 
gold, characteristics 250
 
graphite 191,243-5
 
grinding 1-2,6-9,82-91, 109-10, 114, 125,
 

139-42,159-60,174-6,196,242-5
 
grinding wheels (GWs) 109-10, 114,
 

139-40,176
 
gun drills 133
 
gunmetal 46
 

hafnium (Ht) 37--41,115-17,231-2
 
Hastelloy 29, 32, 33, 35-9, 102-3, 122-4,
 

194-217,242-5,258
 
Hastelloy B super alloy 38-9, 122--4,199-217
 
Hastelloy C-276 super alloy 38-9, 122-4,
 

194-217
 
Hastelloy S super alloy 37-9, 122-4
 
Hastelloy X super alloy 29,32,33,38-9, 102-3,
 

122--4, 194-217,242-5
 
Haynes 3,29-31,33,34,38-9,40,122-5,
 

131-3,184-217,230-1,238--45
 
Haynes 21 super alloy 32, 34
 

Haynes 25 (L605) (UNS R30605) super alloy 29,
 
33,34,40,122-5,131-3,184-217
 

Haynes 181 super alloy 194-217
 
Haynes 188 (UNS R30188) super alloy 29,33,40 
Haynes 214 super alloy 29,33 
Haynes 230 super alloy 33, 37-9, 108
 
Haynes 242 super alloy 33
 
Haynes 263 super alloy 33, 122--4 
Haynes 282 super alloy 38-9, 238-45
 
Haynes 556 super alloy 29
 
Haynes, Elwood 39
 
Haynes HR-120 super alloy 33
 
Haynes HR-160 super alloy 33, 105, 108
 
Haynes R-41 super alloy 33
 
HAZ (heat affected zone) 12, 151-62, 166-9,
 

172-3,176,180-217,221-45
 
HC J92605 super alloy 31,34
 
HD J93005 super alloy 31,34
 
HE J93403 super alloy 31, 34
 
heat resistant super alloys (HRSA)
 

see also super alloys
 
HF J92603 super alloy 34
 
HH J93503 super alloy 31,34 
HI J94003 super alloy 34
 
high speed machining (HSM) 50-1,52-60, 

75-81,88-91,222--45 
high speed steels (HSSs) 46,58-9,63-7,74-81, 

88,103-11,120-1,123-40,222,230 
high strength polymers 1-2,141 
high-pressure coolant techniques (HPC) 50-1,
 

62-3,222,242
 
high-speed chemical dissolution wear 59-60
 
high-speed diffusion-limited wear 59
 
HK J94224 super alloy 34
 
HL J94604 super alloy 34
 
HN J94213 super alloy 31,34
 
honing 6-9,83-91,127-40
 
hot hardness at elevated temperatures 4, 39-40,
 

52-63,64-81,93-117,119--40,225--45
 
hot-machining 50-1,52-3, 179,214-17,221-2 
HP super alloy 34
 
HS-31 (X-40) 32,34,122-4, 185-217
 
HT J94605 super alloy 31,34 
HU super alloy 34
 
hybrid machining processes (HMPs) 142,
 

159-60,175-6,179,196,214-17,241-2
 

IC907 grades 77
 
IN-IOO super alloy 30,32,33,34,39,121-4, 

185-217,242-5 
Incoloy 29,30,31-3,35-9,121-4,244-5 

Incoloy 800 (UNS N08800 
31-3,35, 122-4,2~ 

Incoloy 801 (UNS N08801 
33,122-4 

Incoloy 802 super alloy 2! 
Incoloy 903 super alloy 3( 
Incoloy 907 super alloy 3( 
Incoloy 909 super alloy 3( 
Incoloy 925 super alloy 3: 
Incoloy MA 956 super al1( 

121-4
 
Incone130,32,33,34,35
 

84,121-4,133,180­
Inconel 100 super alloy 3l 

121-4, 185-217
 
Inconel 102 super alloy 3: 
Inconel 600 (UNS N0660l 

37-9, 123-4
 
Inconel601 super alloy 3
 
Inconel 617 super alloy 3
 
Inconel 625 (UNS N0662: 

38-9, 123-4, 194-21
 
Inconel 700 super alloy 1
 
Inconel 702 super alloy 3
 
Inconel 706 super alloy 3
 
Inconel 713 super alloy 3
 
Inconel 718 (UNS N0771 

32,33,34,36-9,56­
185-217,231--45
 

Inconel 722 super alloy 3
 
Inconel 725 super alloy 3
 
Inconel 738 super alloy 3
 
Inconel 792 super alloy 3
 
Inconel 825 super alloy 1
 
Inconel 901 super alloy : 
Inconel 939 super alloy : 
Inconel MA 754 super all 
Inconel MA 6000 super ~ 

121-4,133
 
Inconel X-750 super all0
 

185-217
 
inert/chemical-stability rt
 

materials 64-81,11
 
ingot iron 46
 
input (independent) vari!
 

9-10,45-91
 
ISCAR cutting tools 77
 
ISO 513-91 69-71
 

J-1570 super alloy 90-1
 
J-1650 super alloy 34
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S R30605) super alloy 29,
 
-5,131-3,184-217
 
loy 194-217
 
30188) super alloy 29,33,40 
loy 29,33 
loy 33, 37-9, 108
 
loy 33
 
loy 33, 122-4
 
loy 38-9, 238-45
 
loy 29
 

r alloy 33
 
r alloy 33, 105, 108
 

alloy 33
 
zone) 12, 151-62, 166-9,
 

217,221-45
 
oy 31,34
 
oy 31,34
 
oy 31,34
 
loys (HRSA)
 

ys
 
Y 34
 

oy 31,34
 
Y34
 
g (HSM) 50-1,52-60,
 
22-45
 
S8) 46,58-9,63-7,74-81, 
I, 123-40,222,230
 

rs 1-2, 141
 
t techniques (HPC) 50-I,
 

dissolution wear 59-60
 
limited wear 59
 
y 34
 
Y34
 
y 31,34
 

127-40
 
ed temperatures 4, 39-40,
 
3-117, 119-40, 225-45
 
52-3,179,214-17,221-2 

,122-4,185-217 
Y 31,34 

esses (HMPs) 142,
 
79,196,214-17,241-2
 

,32,33,34,39,121-4, 

35-9,121-4,244-5 

Incoloy 800 (UNS N08800) super alloy 29,
 
31-3,35,122-4,244-5
 

Incoloy 801 (UNS N08801) super alloy 29,
 
33,122-4
 

Incoloy 802 super alloy 29,33, 122-4
 
Incoloy 903 super alloy 30, 33, 35
 
Incoloy 907 super alloy 30, 33
 
Incoloy 909 super alloy 30, 33, 35
 
Incoloy 925 super alloy 33
 
Incoloy MA 956 super alloy 31-3, 35-9,
 

121-4
 
Inconel 30,32,33,34,35-9,56-7,62,81,
 

84,121-4,133,180-1,185-217,230-45
 
Inconel 100 super alloy 30,32,33,34,39,
 

121-4,185-217
 
Inconel 102 super alloy 33, 194-217
 
Inconel 600 (UNS N06600) super alloy 29, 33,
 

37-9, 123-4
 
Inconel 601 super alloy 33
 
Inconel 617 super alloy 33
 
Inconel 625 (UNS N06625) super alloy 29, 33,
 

38-9, 123-4, 194-217
 
Inconel 700 super alloy 185-217
 
Inconel 702 super alloy 33, 123-4
 
Incone! 706 super alloy 33, 37-9, 185-217
 
Inconel 713 super alloy 34, 122-4
 
Inconel 718 (UNS N07718) super alloy 30,
 

32,33,34,36-9,56-7,62,84,122-4, 
185-217,231-45
 

Inconel 722 super alloy 33
 
Inconel 725 super alloy 33
 
Inconel 738 super alloy 34, 122-4, 194-217
 
Inconel 792 super alloy 34, 122-4
 
Inconel 825 super alloy 194-217,243-5
 
Inconel 901 super alloy 33, 123-4, 191-217
 
Inconel 939 super alloy 202-17
 
Inconel MA 754 super alloy 33,35-9, 121-4
 
Inconel MA 6000 super alloy 33,35-9,81,
 

121-4, 133
 
Inconel X-750 super alloy 33,34,36-9, 123-5,
 

185-217
 
inert/chemical-stability requirements of tool
 

materials 64-81, 116
 
ingot iron 46
 
input (independent) variables, machining
 

9-10,45-91
 
ISCAR cutting tools 77
 
ISO 513-91 69-71
 

J-1570 super alloy 90-1, 122-4
 
J-1650 super alloy 34
 

jamming problems 111-17
 
jet machining 6-9,141-6,174-6,179-83,
 

257-8
 
JETHETE 222,228-30
 

kerosene 243
 
Kistler dynamometers 222-3, 226-30, 238-9
 
Kohensette and Recht's high-speed machining
 

studies 53-4
 
Komanduri's shear localized chips model
 

56-7
 
Krupp's Widia 63-4,69-73
 

lapping 6-9
 
laser beam machining (LBM) 6-9,141-2, 

168-76,202,206-10,214-15,221-30, 
234-45,257 

laser-assisted machining (LAM) 216-17,
 
221-30,234-45
 

Lazarenkos EDM principle 164-5
 
lead-free steels 51,95-6 
leaded steels, machinability enhancement
 

methods 50-2
 
ledge tools 60
 
limit gauges 68
 
linear expansion properties of metals/alloys 2,
 

44-50,250-1
 
liquid nitrogen 61-2,83-91 
Lockheed 54-5
 
loose abrasives 6-9
 
low carbon steels 43-4,46-50,55-7,99-102,
 

108-17, 124, 138-40, 145-6, 196,
 
210-13,258
 

lubrication 51,60,61-3,67,81-91,98, 
225-30,257-8 

M-155 (Multimet) (UNS R30155) super
 
alloy 29,33,34,35,122-4
 

M-252 super alloy 29,33,34, 122-4,
 
184-217
 

machinability 1-10,36-9,43-91,93-118,
 
119-40,179-83,189-217,221-47
 

AISI ratings tuning tests 44-50, 102-3,
 
120-5,133
 

enhancing machinability of difficult-to-cut
 
materials 50-63,81-91,93-4,221-45
 

free-machining stainless steels 50-2, 93-4,
 
97-102,221-2
 

nonfree-machining alloys 97-102
 
ratings relativities 44-50, 102-3, 120-5,
 

133, 189-93,210-13 
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machining 1-10,27-8,43-91,93-118, 119-40,
 
141-76,180-217,221-47 

input (independent) variables 9-10,45-91 
output (dependent) variables 9-10,44-91 
stainless steels 1-2,4,6-10,51-2,57-60, 

93-102, 103-18, 141, 146,151-62,
 
168-76,179-217,221-45
 

super alloys 1-2,4,6-10,45-50,54-60,
 
75-81, 119-40, 141,179-217,221-45
 

magnetic properties 11,18-21,22-6, 100-2,
 
147-51,254
 

magnetostriction effect, USM 148-9
 
MAM 7-9
 
manganese (Mn) 4, 12, 14-26,48,94-5,
 

99-102, 222-45
 
manual application of cutting fluids,
 

definition 84-5
 
MAR-M002 super alloy 202-17
 
MAR-M200 super alloy 34,39,122-4
 
MAR-M246 super alloy 32,34,122-4
 
MAR-M247 super alloy 34,202-17,244-5
 
MAR-M302 super alloy 32,34,40, 122-4
 
MAR-M322 super alloy 34, 122-4
 
MAR-M509 super alloy 32,34, 122-4,
 

185-217
 
MAR-M918 super alloy 32, 34
 
marble 145
 
marine steel grade 20-1
 
martensitic PH-SS 23-6,97-8, 102, 115
 
martensitic SS-alloys 2-3, 11, 13-26,52,65-7,
 

76-81,94-117,180-217,222-45 
material removal processes 1-10, 53-60,
 

77-81,103-17, 143-7, 150-1, 153-75,
 
180-217,242-5
 

material removal rates (MRRs) 1-6,53-60, 
77-81,103-17,143-7,150-1,153-75, 
180-217,242-5 

mechanical NTMPs 141-51, 174-6, 179-83
 
mechanical strength 1-2,3-4,27-41,44-91
 
melting points, elements 27-31,57-9, 132-40,
 

166-7,249-50
 
MERL-76 super alloy 33
 
Messer-Griessheim 166
 
metal matrix composites (MMCs) 141-76
 
Micro-Melt powder HSS tools 112-15
 
micromachining concepts 205-6, 240-2
 
milling 1-9,71-8,87-9, 111-13, 125, 133-7,
 

160-2,174-6,196-206,215-17,221-45
 
mineral oils 83,85-91
 
Minibooster II applicators 225-7
 

minimum quantity lubrication techniques 
(MQL) 51,62,84-5,222,225-30 

mist application of cutting fluids, 
definition 84-5
 

Mitsubishi and Charmilles 205
 
modulus of elasticity properties of metals!
 

alloys 44-50,250-1
 
molybdenum HSSs (M-group) 66-7,
 

76-81, 135-40
 
monel 46, 251
 
MoSrri-composite coatings 84
 
MP-159 super alloy 29,33,40, 123-4
 

NASA Co-WoRe super alloy 32,34, 121-4
 
near net shape components (NNSs) 120
 
neat oils 83-91
 
neodymium glass lasers (Nd:glass) 169-72
 
neodymium yttrium aluminium garnet lasers
 

(Nd:YAG) 169-72,208-10,222-30,
 
234-5
 

Ni-based super alloys 4,27-41,54-7,60,77-81,
 
88-91,119-40,181-217,230-45,257
 

Nichrome type super alloys 3
 
Nimonic 29,30,33,37-9,122-4,200-17
 
Nimonic 75 super alloy 29, 33
 
Nimonic 80A (UNS 07080) super alloy 30, 33,
 

37-9
 
Nimonic 86 super alloy 33
 
Nimonic 90 (UNS 07090) super alloy 30, 33,
 

38-9, 122-4
 
Nimonic 100 super alloy 33
 
Nimonic 105 super alloy 33,202-17
 
Nimonic 115 super alloy 33,216
 
Nimonic 713 super alloy 202-17
 
niobium (Nb) 12,23-6, 199
 
nitriclhydrofluoric acid mixtures, pickling
 

processes 115-17,254
 
nitrides 67,74, 101-2
 
nitrogen(N) 4,12,14-26,61-2,83-4,100-17
 
Nitronic 32 16
 
Nitronic 50 16, 103
 
noble metals 116
 
noncylindrical form TMPs 7-9
 
nondefinite geometry TMPs 6-9
 
nonferrous cutting tool materials 65-81
 
nonfree-machining alloys 14-26,78,97-102,
 

110-17
 
nontraditional machining processes (NTMPs)
 

1-2,4,6-10,125-6,141-76,179-219,
 
221-47
 

Index 

see also abrasion... ; abr:
 
electric discharge...; I
 
electron beam... ; eros
 
jet.. .; laser. .. ; photoc
 
arc ... ; thermoelectric,
 
waterjet. ..
 

applications 173-6, 17S 
classification of machin 

141-2
 
definition 1-2,6-8,14]
 
economic analysis of E(
 

NTMPs of turbo-mac
 
future prospects 173-6,
 
limitations 8-9, 125-6,
 
MRRs 143-7,150-1, I:
 

nose radius considerations
 
nozzles, cutting fluids 81·
 
nuclear power systems 4,
 
numerical control ECM m
 

oblique cutting, power COl
 

oils 82-91,109-17,138­

operating temperatures, Sl
 

orthogonal cutting, power
 
oxidation resistance 1-4,
 
oxide flaking 37-9,230
 
oxide-dispersed strengthe
 
oxygen 3-4,11-13
 

P550 SSs 222-30
 
PAM 7-9
 
paraffin oil 83, 86, 112-]
 
passivation 3-4, 11-13, :
 
percussion drilling (PD)
 
Perspex 245
 
phosphorized steels, mac:
 

methods 50-2
 
phosphorous(P) 2-3,4,
 
photochemical machininl
 

etching) 7-9, 142, ]
 
199-201
 

physical vapor depositiOJ 
(PYDs) 59-60,67, 
226-30,233-45 

pickling (chemical clean
 
pitting corrosion 13, 52,
 
planing 6-9,80,88,125
 
plasma arc cutting (pAC:
 

210-13, 216-17, 2~
 

plasma enhanced machil
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rs (Nd:glass) 169-72 
uminium garnet lasers 

alloy 32,34,121-4 
nents (NNSs) 120 

72,208-10,222-30, 

4,27-41,54-7,60,77-81,
 
181-217,230-45,257
 
alloys 3
 
37-9,122-4,200-17
 
y 29,33 
7080) super alloy 30, 33,
 

oy 33
 
oy 33, 202-17
 
oy 33,216
 

loy 202-17
 
,199
 

d mixtures, pickling
 
7,254
 

26,61-2,83-4,100-17 

. g processes (NTMPs) 
--6,141-76,179-219, 

see also abrasion... ; abrasive ... ; chemical ... ; 
electric discharge... ; electrochemicaL .. ; 
electron beam... ; erosion... ; hybrid ... ; 
jet. .. ; laser. .. ; photochemical...; plasma 
arc ... ; thermoelectric ... ; ultrasonic ... ; 
waterjet. .. 

applications 173-6, 179-217, 239-45
 
classification of machining processes 6-10,
 

141-2
 
definition 1-2,6-8, 141-2
 
economic analysis of ECM and thermoelectric
 

NTMPs of turbo-machinery 211-13
 
future prospects 173-6,221-47
 
limitations 8-9, 125-6, 173-6
 
M~s 143-7,150-1,153-75,180-217,242-5
 

nose radius considerations 127-30,223-45
 
nozzles, cutting fluids 81-91,226-30
 
nuclear power systems 4, 36-9
 
numerical control ECM machines 188-93
 

oblique cutting, power consumption 48-50
 
oils 82-91,109-17,138-40,225-30
 
operating temperatures, super alloys 4
 
orthogonal cutting, power consumption 48-50
 
oxidation resistance 1-4, 18-26,27-41,237-45
 
oxide flaking 37-9,230
 
oxide-dispersed strengthened (ODS) 35-9
 
oxygen 3-4,11-13
 

P550 SSs 222-30
 
PAM 7-9
 
paraffin oil 83,86, 1I2-15
 
passivation 3-4, 1I-13, 23, 1I4-17, 254-6
 
percussion drilling (PO) 170-2,209-10
 
Perspex 245
 
phosphorized steels, machinability enhancement
 

methods 50-2
 
phosphorous(P) 2-3,4,14-26,50-2,96-117
 
photochemical machining (PCM) (spray
 

etching) 7-9,142, 160, 162-3, 174-6,
 
199-201
 

physical vapor deposition techniques 
(PVOs) 59-60,67,72-3,77,79-81, 
226-30,233-45 

pickling (chemical cleaning) 114-17, 254
 
pitting corrosion 13, 52, 1I6-17
 
planing 6-9,80,88, 125-6
 
plasma arc cutting (PAC) 6-9,141-2,172-6,
 

210-13,216-17,221-2
 
plasma enhanced machining (PEM) 216-17
 

plasma-assisted turning (PAT) 217
 
plastics 75
 
PM-HSS 67, 1I2-15
 
polishing 7-9, 190-217
 
polyalphaolefin 82-3
 
polycrystalline cubic boron nitride (PCBN) 1-2,
 

59-61,64,74-81,234-45
 
polycrystalline synthetic diamond (PCO) 1-2,
 

59,64,75-6
 
polyethylene oxide (PEO) 144-6
 
positive rake geometry 79, 127-30,223-45 
potassium nitrite 90
 
powder metallurgy (PM) super alloys 27-41,
 

67,73-4,112-15,120-40,230-45
 
power consumption requirement factors
 

43-6,48-50,81-91,104-17,121-40,
 
173-6
 

precipitation hardened stainless steel 
(PH-SS) 13,23-6,31-41,78,97-8, 
102-3, 1I6-17, 180-1,217,256 

prefixes/symbols, multiples and
 
submultiples 251
 

productivity factors 5-6,58-9,81-2,221-2 
Project 70 117
 
pulsed electrochemical machining
 

(PECM) 154-6, 190-3,211-13
 
concepts 154-6
 
definition 154-5
 

PWA super alloys 34
 
Pyromel 31 super alloy 33
 
Pyromel 860 super alloy 33
 
Pyromet 350 24, 115
 
Pyromet 355 24, 115
 
PyrometA-286 (UNS K63198) 30,31-3,35, 

103,121-5,184-217 
Pyromet CTX-l super alloy 33
 

quantities, Si units for important quantities 251
 
quench conditions 19,22-6, 105-17
 

reaming 7-9,76-8,80,83-91, 110-11, 125,
 
133,231-45
 

recast layers (RLs), research works 242-5
 
recycling costs 212-13
 
Refractory 26 super alloy 33, 122-4
 
refractory metals 1-2,27-31,33,64-81,
 

122-4, 141-76
 
relaxation Lazarenko circuit (RC), ED 

machines 165-6,202-6 
relief geometry 130-40
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Rene 41 (UNS 07041) super alloy 30,32,33, 
34,37-9,81,122-4,131-3,184-217
 

Rene 77 super alloy 34, 121-4
 
Rene 80 super alloy 34,197-217
 
Rene 88 super alloy 33,185-217
 
Rene 95 super alloy 30,33,37-9, 122-4,
 

185-217
 
Rene 100 super alloy 33,34, 194
 
Rene 125 super alloy 185-217
 
Rene N4 super alloy 34
 
Rene N5 super alloy 34
 
Rene N6 super alloy 34
 
rephosphorized steels 51-2, 102-3, 124-40
 
resulfurized steels 51-2,93-4,102-3,124-40
 
review questions 253-63
 
rocket engines 36-9
 
roughing, machinability concepts 43-91,
 

94-117,190-3,231-45
 
RRl000 Ni-based super alloy 34,230-45
 
rupture strength values 35-41
 
rust 1-4,11-13,14-26,27-41,81-91,93-117,
 

245,253-4 

S-816 (UNS R30816) super alloy 29,33,34, 
122-4
 

Salomon's high-speed machining process 52-4
 
salt electrodes 245
 
Sandvik 25,233-4
 
Satellite B super alloy 33
 
sawing 7-9,87-8,89
 
scaling 2-3
 
Schliffler-Delong diagrams 21
 
selenium (Se) 3,13,52,93-117,256
 
self-healing (scratch) properties 3-4, 23-4,
 

114-17
 
semi-austenitic PH-SS, concepts 23-6,
 

102-3,115
 
shaped tube electrolytic machining (STEM)
 

156-8,175-6,188-91,194-5,214-15,245
 
shaping 7-9,27-31,65-81,88,120-1,125-6,
 

180-217
 
sharpening 65-81
 
shear localized (segmented/serrated/
 

nonhomogenous) chips 54-7, 119-21,
 
234-5,242
 

shear strength 47-91, 120-40,224-45
 
Si units for important quantities 251
 
SiAION tool material 60,74-5,79-81,234-6
 
side cutting geometry 130-40
 
side relief geometry 130-40
 

single-point tool turning, super alloys 126
 
sinking electric discharge machining (SEDM)
 

203-6,211-13
 
slip gauges 68
 
slotting 8-9,176,207-17
 
soaps, water-based emulsions 82-3
 
sodium dichromate, passivation
 

processes 116-17
 
sodium hydroxide 117
 
solid lubricants 84-91
 
Soviet Union 204
 
specific cutting energy concepts 48-50, 121,
 

124-40,224-45
 
spray etching see photochemical machining...
 
SRR 99 super alloy 34
 
stainless steel 18/0, definition 253
 
stainless steel 18/8 46, 251, 253
 
stainless steel 18/9 95
 
stainless steel 18/10, definition 253
 
stainless steel 200 series 12, 16-26,99, 103,
 

200-17
 
stainless stee1201 16-26
 
stainless steel 215 200-17
 
stainless steel 300 series 2-3, 11-12, 16-26,
 

51-2,94-106, 108, 115, 116-17, 126,
 
179-217,222-45
 

stainless steel 301 18, 25, 200-17
 
stainless steel 302 12,16-26,102-3,115,117,
 

184-217
 
stainless steel 303 2-3,17-26,94-103,116,
 

117,126,184-217,222-45
 
stainless steel 304 16-26,95,98-105,115, 117,
 

126,180-217,222-45
 
stainless steel 305 16-26, 117
 
stainless steel 309 16-26, 103
 
stainless steel 310 16-26, 31, 103
 
stainless steel 316 11-12, 16-26,98-105, 117,
 

179-217,222-45
 
stainless steel 317 16-26, 103
 
stainless steel 321 17-26, 103, 105-6, 115,
 

194-217,245
 
stainless steel 329 22-6,101-2 
stainless steel 347 17-26, 99-103
 
stainless steel 400 series 2-3, 13-26, 52,
 

94-102,103,179-217,228-45
 
stainless steel 403 15-26, 103
 
stainless steel 405 13-26,99-102 
stainless steel 409 13-26, 117
 
stainless steel 410 15-26,98-102, 103, 117,
 

184-217
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stainless steel 414 15-26,
 
228-45
 

stainless steel 416 15-26,
 
stainless steel 420 15-26,
 

200-17
 
stainless stee1421 25
 
stainless steel 429 13-26
 
stainless steel 430 2-3, 1:
 

116-17,200-17
 
stainless steel 431 15-26,
 
stainless steel 434 13-26
 
stainless steel 436 13-26
 
stainless steel 439 13-26
 
stainless steel 440 15-26,
 
stainless steel 442 13-26
 
stainless steel 444 13-26,
 
stainless steel 446 13-26,
 
stainless steel S13800 24
 
stainless steel S15500 24
 
stainless steel S17400 23
 
stainless steel S17700 23
 
stainless steel S31803 22
 
stainless steel S32550 22
 
stainless steel S35000 24
 
stainless steel S35500 23
 
stainless steel S41623 15
 
stainless steel S42010 15
 
stainless steel S45000 24
 
stainless steel S45500 24
 
stainless steel S66286 24
 
stainless steels (SSs) 1-1
 

93-118, 141, 146, 1:
 
179-217,221-45,2
 

see also AISI. .. ; austel
 
derived... ; duplex...
 
martensitic ... ; preci
 

advantages/disadvanta
 
25-6,93-5,100-2
 

characteristics 1-10,'
 
classifications 11-26
 
comparative characteri
 
historical background
 
industrial applications
 
limitations 3, 25-6, 9:
 
machinability 45-63,
 

210-13,221-45
 
machinability enhancl
 

93-4,221-45
 
machinability ratings]
 

102-3, 189-93, 2H
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. g, super alloys 126
 
arge machining (SEDM)
 

concepts 48-50, 121,
 

26
 
17
 

'es 2-3,11-12,16-26,
 
8,1l5, ll6-17, 126,
 

,25,200--17
 
,16-26, 102-3, 115, 117,
 

3,17-26,94-103, 116,
 
7,222-45
 
26,95,98-105, 115, 117,
 
2-45
 
26, ll7
 
26,103
 
26,31, 103
 
12,16-26,98-105, 1I 7,
 

26,103
 
26, 103, 105-6, 115,
 

, 101-2
 
26,99-103
 
s 2-3, 13-26, 52,
 
217,228--45
 
26,103
 
26,99-102
 
26, 117
 
26,98-102, 103, 117,
 

stainless steel 414 15-26, 100-2, 194-217,
 
228--45
 

stainless steel 416 15-26,94-103,116,117 
stainless steel 420 15-26,99-103,116-17,
 

200-17
 
stainless steel 421 25
 
stainless steel 429 13-26
 
stainless steel 430 2-3, 13-26,98-102,
 

116-17,200-17
 
stainless steel 431 15-26, 103
 
stainless steel 434 13-26
 
stainless steel 436 13-26
 
stainless steel 439 13-26
 
stainless steel 440 15-26, 100-3, 115, 116
 
stainless steel 442 13-26
 
stainless steel 444 13-26, 98-102
 
stainless steel 446 13-26, 99-103
 
stainless steel S13800 24-6
 
stainless steel S15500 24-6, 180-3
 
stainless steel S17400 23--6,102,180-217 
stainless steel S17700 23--6 
stainless steel S31803 22--6 
stainless steel S32550 22--6 
stainless steel S35000 24-6, 102
 
stainless steel S35500 23--6, 102
 
stainless steel S41623 15-26
 
stainless steel S42010 15-26,99-102,116-17 
stainless steel S45000 24-6
 
stainless steel S45500 24-6
 
stainless steel S66286 24-6, 102
 
stainless steels (SSs) 1-10,11-26,43--4,45-91,
 

93-118, 141, 146, 151--62, 168-76,
 
179-217,221--45,251,253
 

see also AISI. .. ; austenitic ... ; basic ... ;
 
derived... ; duplex ... ; ferritic ... ;
 
martensitic ... ; precipitation hardened...
 

advantages/disadvantages of various types 3,
 
25--6,93-5,100-2
 

characteristics 1-10,44-91,93-5
 
classifications 11-26
 
comparative characteristics 23--6, 100-2
 
historical background 2-3,94-102,204
 
industrial applications 3--4, 11-26, 179-217
 
limitations 3, 25--6, 93-5, 100-2
 
machinability 45--63,93--4,97-117,189-93,
 

210-13,221--45
 
machinability enhancement methods 50--63,
 

93--4,221--45
 
machinability ratings relativities 45-50,
 

102-3,189-93,210-13
 

machining 1-2,4,6-10,51-2,57--60,
 
93-102,103-18, 141, 146, 151--62,
 
168-76,179-217,221--45
 

nontraditional machining processes 1-2, 4,
 
6-10, 141, 146, 151--62, 168-76, 179-217,
 
221--45
 

overheating effects 85--6, 100-2
 
properties 1-3,4,44-91,93-5,251
 
self-healing (scratch) properties 3--4, 23--4,
 

114-17
 
surface treatments of stainless steels after
 

machining 114-17
 
tool selections 58,59--60,75-81,221-30
 
traditional machining processes 1-2, 4, 6-10,
 

75-81,85-8,93-102,103-18,221--45
 
stand-off-distance (SOD) 215-17
 
standard prefixes/symbols, multiples and
 

submultiples 25 I
 
STAVAX 15
 
steel (1020), properties 103, 251
 
steel (1040), properties 251
 
steel (1080), properties 25 I
 
steels, tool selections 58, 59--60
 
Steigerwald' electron work 166
 
Stellite 31 (Co-based alloy) 3,67-8,194-217
 
stock removal rates (SRRs), USM 150-1
 
strength capabilities 1-2, 3--4, 11-13,
 

18-26,27--41,64-91,93-117,119--40, 
221--45,256-7
 

stress-corrosion cracking 22--6, 34--41, 82
 
sulfides 94-117
 
sulfochlorinated cutting fluids 85-91, 112-17
 
sulfur (S) 2--4,13,25--6,50-2,83,85--6,93-117
 
sulfuric acid 11-13, 197-9,245
 
sulfurized EP-oils 83, 85-91
 
sulfurized steels, machinability enhancement
 

methods 50-2, 93--4 
super alloys (SAs) 1-10,27--41,45-50,54-60, 

68,75-81,88-91,102-3,119--40,141, 
179-217,221--45,251,256-7 

see also cast...; Co-based... ; Fe-based... ; 
Ni-based... ; powder metallurgy... ; 
wrought. .. 

applications 3,4,27--41,120-1,179-217
 
characteristics 1-10, 119-21
 
classifications 27--41,257
 
coatings 28, 130--40,207-17,233--45
 
compositions 27-33
 
definition 3,4,27-8, 119-20,251,256-7
 
guidelines for machining 126--40
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super alloys (SAs) (cont'd)
 
historical background 3, 39, 204
 
industrial applications 3, 4, 27-41, 120-1,
 

179-217
 
limitations 119-20
 
machinability 45-50, 102-3, 119-40,
 

189-93,210-13,221-45 
machinability ratings relativities 45-50,
 

102-3, 120-5, 133, 189-93,210-13
 
machining 1-2,4,6-10,45-50,54-60,
 

75-81,119-40,141,179-217,221-45 
nontraditional machining processes 1-2, 4, 

6--10,75-81,125--6,141,179-217,221-45 
properties 3,4,119-21,251 
tool selections 58,60, 75-81, 127-40,230-45 
traditional machining processes 1-2, 4, 

75-81,88-91, 119-24, 125-40,221-45 
types 4,27-41,119-40,257
 

super finishing 7-9, 79
 
surface integrity and removal rates 215-17,242-5
 
surface roughness and tolerances, NTMPs
 

174-6,180-217,234-45 
surface treatments of stainless steels after 

machining 114-17
 
swarf 81-91
 
synthetic fluid lUbricants, definition 82-3, 90
 

table cutlery 2, 4, 19
 
TaC 69-73
 
Taguchi model 230
 
tantalum (Ta) 37-41
 
tapping and thread cutting 76--8,80-1,83-91,
 

125--6
 
Taylor's Equation 43, 46-50, 63-4, 234-5
 
TD-Nickel 121-4
 
tellurium (Te) 52, 93-117
 
temperature strength 1-3,4,34-41, 119-40,
 

223-45
 
tensile strength at elevated temperatures 4
 
tensile yield strength (TYS) 18-26,44-50,
 

100-17,222-45 
thermal conductivity properties of metals!
 

alloys 2-3,4,44-64,65-91, 100-17,
 
119-40,141-76,231-45,250-1
 

thermal fatigue resistance strength 12,27-41,
 
64-91,256--7
 

thermal shock resistance, tool material
 
requirements 64-81
 

thermally assisted machining (TAM) see
 
hot-machining
 

thermoelectric NTMPs 141-2, 164-76,201-14,
 
221-47
 

Ti-6AI-4Valloy 56--7,244-5 
Ti-8AI-IMo-IValloy 194-5
 
Ti-alloys 1-3,12,54-9,60-1,68-73,175--6,
 

183-95,204-6,244-5
 
TiAICrN coatings 237-9
 
TiAIN coatings 77,237-45
 
TiC 67,69-73,76
 
Tigham's hot-machining process 52
 
TiN coating material 67-73,76,77,229-30
 
tin (Sn) 51-2, 161,250
 
titanium carbide 12
 
toaster wire 3
 
tool angles 130-40,215-17,222-30
 
tool carbon steel (TCS) 63-6
 
tool failures 9-10,73-4,98, 126-40
 
tool holders 9-10,83-4, 101-17, 127-8,
 

131-40
 
tool life requirement factors 43-50,61-2,81-2,
 

94-5,120-40,183-217,222-45
 
tool wear 52-9,61-3,64-91,120-40,183-217,
 

222-45
 
traditional machining processes (TMPs) 1-2,4,
 

6--10,43-92,93-102,103-18,119-40,
 
141-2,173-4,221-47
 

see also abrasion ; boring; broaching;
 
buffing; cutting ; drilling; gear cutting;
 
grinding; honing; hybrid... ; lapping;
 
milling; planing; polishing; reaming;
 
sawing; shaping; slotting; super finishing;
 
turning
 

advantages 125--6
 
classification of machining processes 6--10
 
definition 1-2, 6--8, 93-102, 141
 
limitations 6--7, 141
 
stainless steels 1-2,4,6-10,75-81,85-8,
 

93-102,103-18,221-45
 
super alloys 1-2,4,6--10,75-81,88-91,
 

119-24,125-40,221-45
 
surface treatments of stainless steels after
 

machining 114-17
 
types 1-2,4,6--10,43-91,103-18,125-40,
 

221-45
 
transducer and magnetostriction effect,
 

USM 148-9
 
transistorized pulse generator circuits, ED
 

machines 165--6, 202--6 
trepanning 79-80,87-8,171-2,210-17 
TrimRite 15, 117
 

tungsten HSSs (T-group) 66­
turbine engines 3,4,34-41,7 

180-217,256--7 
turbo-superchargers 3, 4, 34­

141,180-217
 
Turkovich's speed studies 54
 
turning 1-2,6--9,45-91,103­


127-40,175--6,221-45 

UCON (Cb-based alloy) 67~
 

Udimet 30, 32-4, 37-9, 90, I
 
184-217,221-45
 

Udimet 400 super alloy 37-9
 
Udimet 500 (UNS N075(0) Sl
 

34,90,122-4,184-217 
Udimet 520 super alloy 33
 
Udimet 630 super alloy 33, 1: 
Udimet 700 super alloy 30,3: 

122-4,184-217,221-45 
Udimet 710 super alloy 33,1 
Udimet 720 super alloy 33,2 
Udimet 728 super alloy 231­
ultimate tensile strength (UT~ 

38-41, 100-17, 125
 
ultrasonic assisted laser beam 

(USALBM) 244-5
 
ultrasonic machining assisted 

machining (USMlEDM) 
ultrasonic machining (USM) 

147-51, 174-6, 180-3,:
 
concepts 147-51, 174-6,
 
definition 147-8,174, 18( 

ultrasonic-assisted machininl 
60-1,147-51,222,241 

UMCo-50 super alloy 33
 
uncoated carbides 223, 234
 
Unitemp AF2-lDA super all! 
uranium, characteristics 25C 

V-36 super alloy 34,122-4 
V-57 super alloy 30,33,35 
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s 141-2, 164-76,201-14, 

,215-17,222-30 
CS) 63-6
 

, 73-4, 98, 126-40
 
,83-4,101-17, 127-8,
 

nt factors 43-50, 61-2, 81-2,
 
,183-217,222-45
 
1-3,64-91,120-40,183-217,
 

. g processes (TMPs) 1-2, 4, 
93-102,103-18,119-40, 
,221-47 
n ; boring; broaching; 
g ; drilling; gear cutting; 
'ng; hybrid, .. ; lapping; 
g; polishing; reaming; 

. g; slotting; super finishing; 

machining processes 6-10
 
6-8,93-102, 141
 

141
 
1-2,4,6-10,75-81,85-8,
 
18,221-45
 
,4,6-10,75-81,88-91, 

,221-45
 
ts of stainless steels after
 
4-17
 
10,43-91,103-18,125-40,
 

etostriction effect, 

generator circuits, ED 
-6,202-6 
87-8,171-2,210-17 
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tungsten HSSs (T-group) 66-7, 76-81, 130-40
 
turbine engines 3,4,34-41,75-81, 120, 141,
 

180-217,256-7
 
turbo-superchargers 3,4,34-41,75-81,120,
 

141,180-217
 
Turkovich's speed studies 54
 
turning 1-2,6-9,45-91,103-17,120-6,
 

127-40,175-6,221-45 

UCON (Cb-based alloy) 67-8
 
Udimet 30, 32-4, 37-9, 90, 122-4,
 

184-217,221-45
 
Udimet 400 super alloy 37-9
 
Udimet 500 (UNS N07500) super alloy 30, 33,
 

34,90,122-4,184-217
 
Udimet 520 super alloy 33
 
Udimet 630 super alloy 33,122-4,185-217
 
Udimet 700 super alloy 30, 32, 33, 34, 39,
 

122-4,184-217,221-45
 
Udimet 710 super alloy 33, 122-4, 194-217
 
Udimet 720 super alloy 33, 202-17
 
Udimet 728 super alloy 231-45
 
ultimate tensile strength (UTS) 18, 19-26,
 

38-41, 100-17, 125
 
ultrasonic assisted laser beam machining
 

(USALBM) 244-5
 
ultrasonic machining assisted electric discharge
 

machining (USMIEDM) 244-5
 
ultrasonic machining (USM) 6-9,50-1, 141-2,
 

147-51,174-6,180-3,222,241-5
 
concepts 147-51,174-6,180-3,222,244-5
 
definition 147-8, 174, 180-1
 

ultrasonic-assisted machining (UAM) 50-1,
 
60-1,147-51,222,241-5
 

UMCo-50 super alloy 33
 
uncoated carbides 223, 234
 
Unitemp AF2-IDA super alloy 33, 122-4
 
uranium, characteristics 250
 

V-36 super alloy 34, 122-4
 
V-57 super alloy 30,33,35, 122-4
 

valence characteristics, elements 249-50
 
vanadium (V) 65-6
 
vegetable oils 62, 83
 
versatility aspects, machining 4-6
 
vibration 2,127-8,214-17
 

W-545 super alloy 33,34, 122-4
 
warships 36-9
 
Waspaloy (UNS 07001) super alloy 30,33,
 

38-9,122-4,185-217,231-45
 
water-based cutting fluid liquids 82-91
 
water-based emulsions 82-91, 112,225-30
 
water-quench condition 19,22-6, 105-17
 
waterjet machining (WJM) 6-8,141-6,174-6,
 

179-83,257-8
 
WAX-20(DS) super alloy 32, 34
 
WC/C coatings 84, 240-1
 
welding 12-13,16-26,36-41,88-91,93-117,
 

166-8,225-45,254
 
Wi-52 super alloy 34, 122-4
 
Widia 63-4, 69-73
 
wire electric discharge machining
 

(WEDM) 202-6
 
wires 3-4, 202-6
 
work-hardening rates 2, 16-26,44-50,
 

100-17,127-40
 
work-holding devices 9-10,83-4, 101-17,
 

127-8,131-40
 
wrought super alloys 27-41,105, 113-17,
 

120-40
 

X-40 (Stellite31) super alloy 32,34,122-4,
 
185-217
 

x-rays 166-7
 

Young's modulus 149
 
yttrium aluminium garnet (YAG) 168-72,
 

208-10,222-30,234-5
 

zinc (ZN) 46, 153, 161,250
 
zirconium (Zr) 37-41
 




