Contents

Part C

C1

C2

C21

C22
C221

C222

C223

Cc23
C231

C24
C24.1
C24.2

C25

C3

Ci1

C32

C321
C322
C323
C3.24
C33

C331
C33.2

Steels with characterizing Properties for Specific Fields of Applica-
tion ... ... ...

General Survey of Part C and its Aim.
By W. Schliiter

Normal and High Strength Structural Steels . . . . . .. ... .............
By B. Miisgen, H. de Boer, H. Fréber and J. Petersen

General Remarks. . . . ... ... ... ... ... . e

Required Propertiesof Use . . . . . .. ... ... .. it i,
Required Application Properties. . . . . .. ... ... .. ... .. ... ...,
Mechanical Properties under Static Loads. Mechanical Properties under Cyclic
Loads. Resistance Against Brittle Fracture. Resistance to Weathering. Wear Resis-
tance.

Required Processing Properties . . . . .. ... ... ... ... .. ... .. .. ...
Formability. Suitability for Shearing, Machining and Flame Cutting. Weldability.
Suitability for Zinc Coating (Galvanizing).

Requirements for Uniformity. . . . .. ........ ... . .............
Characterization of the Required Properties. . . . . .. ... .............
Characterization of Application Properties. . . . . ... ... ... ..........
Material Behavior in Tensile Testing. Material Behavior in Fatigue Testing. Resist-
ance to Brittle Fracture. Resistance to Weathering. Resistance to Wear.
Characterization of Processing Properties . . . . . ... ... .............
Formability. Machinability and Suitability for Flame Cutting. Weldability. Suit-
ability for Zinc Coating (Galvanizing).

Measures of Physical Metallurgy to Attain Required Properties . . . .. ... ...
General Remarks. . . . . .. ... ... ... L e
Influence of the Heat Treatment and the Resulting Microstructure on Prop-
erties . . . . ... e
Normalizing. Quenching and Tempering.

Influence of the Chemical Composition on Properties and its Effect on Micro-
SITUCLUIE . . . . . . . .t e e e e

Characteristic Steel Grades Proven in Service

Reinforcing Steel for Reinforced Concrete and Prestressed Concrete Structures
By H. Weise, W. Krimer, W. Bartels and W.-D. Brand

General Remarks. . . .. .. ... .. ..
Reinforcing Bars and Wirefabric . . . .. .... ... ... .. .........
Required Properties . . . . .. ... ... ... ... .
Characterization of the Required Properties. . . . .. ..............
Measure Changes in Physical Metallurgy to Attain Required Properties . . .
Characteristic Steel Grades Proven in Service [10}. . . .. .. ... ... ...
Prestressing Steels . . . . . . . . ... .. e
Required Propertiesof Use. . . . . .. ...... ... . ... ... .. ...,
Characterization of the Required Properties . . . . ... .............

q~3

10

12

12
12

22

34
34

35

20

61
62

62
63
66
67

67
70



XII

C333
334

Cc4

C4
C4.
C4.

C4 2

C4.1.2,

C4.122

C4.1.3
C42

C4.21
C421.1

C4212

C42.1.

Cc4214

C4215

€423

K

Cs.1
C5.2

Contents

Measures of Physical Metallurgy to Attain Required Properties
Characteristic Steel Grades Proven in Service . . . . . ... ...

Steels for Hot-Rolled, Cold-Rolled and Surface-Coated Flat-Rolled Products for Cold
Forming . . . . . . . . . e

By Chr. StraBburger, B. Henke, B. Meuthen, L. Meyer, J. Siewert and U. Tenhaven

Hot- and Cold-rolled Flat Products for Cold Forming . . ..............
Hot- and Cold-rolled Sheet and Strip of Mild Unalloyed Steels . . .........
Hot-rolled Flat Products . . . . ... ....... ... ... ... . ... .. .....
Required Properties. Characterization of the Required Properties. Measures for
Attaining the Required Properties. Characteristic Steel Grades Proven in Service.
Cold-rolled Flat Products. . . . .. ... ... ... ...t ..
Required Properties of Use. Characterization of the Required Properties. Measures
for Attaining the Required Properties. Characteristic Steel Grades Proven in
Service.

Flat-Rolled Products of Structural Steels for General Purposes. and of High-
strength Steels. . . . . . .. ... ...
Hot-rolled Flat Products . . . . .. . ... ... ... . ... i,
Required Properties. Characterization of Required Properties. Measures for At-
taining Required Properties. Characteristic Steel Grades Proven in Service.
Cold-Rolled Flat Products . . . ... ...... ... ... . ... .....
Required Properties. Characterization of Required Properties. Measures for At-
taining Required Properties. Characteristic Steel Grades Proven in Service.

Flat Products of Stainless Steels . . . . .. ... e e
Surface-coated Flat Rolled Products . . . . .......................
General Requirements for the Properties of Use. Characterization of Required
Properties.

Flat-Rolled Products with Metallic Coatings . . . ...................
Zinc-coated Flat Products . . .. ........ ... ... ... .............
Required Properties. Characterization of Required Properties. Measures for
Attaining Required Properties. Characteristic Steel Grades Proven in Service.
Aluminum-Coated Flat Products . . . . ... ......................
Required  Properties. Characterization of Required Properties. Measures for
Attaining Required Properties. Characteristic Steel Grades Proven in Service.
Flat Products with Coatings Containing Tin and Chromium. . . ... .......
Required Properties. Characterization of Properties Required. Attaining Required
Properties. Tinplate Grades Proven in Service.

Flat Products with Lead Coating . . . . ... ......................
Required Properties. Characterization of the Required Properties. Measures for
Attaining Required Properties. Characteristic Steel Grades Proven in Service.
Flat Products with Other Metallic Coatings. . . . . ... ...............
Flat Products with Electrolytically-deposited Metal Coatings. Flat Products with
Metal Coatings Produced by Cladding. Flat Products with Coatings Produced by
Vapor-Deposition.

Flat-Rolled Products with Inorganic Coatings. . . . .. ................
Phosphated and Chromated Flat Products. Enamelled Flat Products.

Organic Coil-coated Steel Flat Products . . . . .. ... e e

Heat-treatable and Surface-hardening Steels for Vehicle and Machine Construc-
HOM . . . . .
By G. Tacke, K. Forch, K. Sartorius, A. von den Steinen and K. Vetter

General Remarks. . . . ... ... ... .. .. e

Heat-treatable Steels (Steels for Quenching and Tempering), Steels for Flame,
Induction and Immersion Surface Hardening and Nitriding Steels. , . . . . . . ..
General Requirements for the Properties of Use of Heat-treatable Structural Steels,
Their Characterization by Test Values and Possibilities to Attain Them . . . . ..

72

7

m

Lo

80

84

96
a7

99
99

105

m

112

116

118

119



Cs.211

C5.2.12

C5.22
C5221
C5.222
C523
C5.23.1
C5232
Cs524
C5.24.1
Cs5242
C53
C5.3.1
C532
C533
C533.1
C53.3.2
C5.333

C534

Cs54
C54.1

Cs54.1.1
C54.12
C54.13
C54.2

C54.21
C5422
C54.23
C54.24
C543

Cs544

Cé6

Cé6.1
Cé6.2
C6.3

Cé4

C64.1
C64.2
C64.3
C6.4.4

Cé6.5

Cc?

C11
C72

C13
C173.

Contents

Properties which are Important for End Uses. . . . ... ... ... .........
Strength Under Static Stresses. Toughness Properties. Fatigue Strength. Wear
Resistance.

Important Processing Properties. . . . .. .............. ... .......
Suitability for Heat Treatment. Machinability. Cold Formability. Weldability.
Heat-treatable Steels (Steels for Quenching and Tempering). . . . . ... ... ...
General Selection Criteria. . . . . ... .. .. ... ..
Steel Grades Provenin Service. . . . .. ........... .. . . ...
Steels for Flame, Induction and Immersion Surface Layer Hardening. . . . . . ..
Special Aspects of Flame, Induction and Immersion Surface Layer Hardening . .
Steel Grades Provenin Service. . . .. . ... ... ... .. oL
Nitriding Steels . . . . . ... ... ... . e
Special Features of Nitriding . . . . ........... ... ... ... .........
Steel Grades Provenin Service. . . . ... ... ... ... ... ...

Steels for Heavy Forgings. . . . . .. ... ... . ... . ... ... ... ...
Required Properties . . . . .. ... ... ... e e e
Characterization of the Required Properties by Test Results . . . . . ... ... ..
Measures for the Attainment of the Required Properties. . . . ... .. ... ... .
Meltingand Casting. . . . . ... .. ... .
Heat Treatment. . . . . . ... .. .. ... i i
Relationship Between Alloying Content, Microstructure and Mechanical Prop-
BILIES . & . o e e e e e e e
Steel Grades Provenin Service. . . . . .. ... ... . . e
Case Hardening Steels. . . . . .. ... ... ... ... ..
Requirements for the Base or Core Material to Suit Service and Processing
Operations. . . . . .. oo v it [
Required Properties . . . . . . .« . ... e
Characterization of the Required Properties by Test Values. . . . ... .... ...
Measures for Achieving the Required Properties . . . . .. ..............
Required Properties of the Case Hardened Layer and Their Production . . . . . .
Required Properties . . . ... ..... ... ... . ... . .
Carburizing . . . . . . . .. ..
Hardening. . . . . .. . . .. .o
Stress Relieving. . . . . . . . .. ... e
Behavior of the Composite Material of the Case and the Tough Core Under Service
Conditions. . ... . ... . e
Steel Grades Provenin Service. . . . . .. ... .. ... ... .. .

Steels for Cold Forming (Forming e.g. by Cold Extrusion and Cold Heading)
By H. Guiden and I. Wiesenecker-Krieg

General Remarks. . . . . .. ... ... . e
Required Properties . . . . . . .. .o oo e
Characterization of Required Properties . . . . .. ...............

Measures of Physical Metallurgy to Attain the Required Properties. . . . .
General Remarks. . . . . ... ... ... ... e
Chemical Composition and MiCTOSEEUCULE « « o o ot e e e e
Cleanness . . . . v v v v v et et e e e e e e
Surface Quality and Dimensional Accuracy of Steel Products . .. ... ..

Characteristic Steel Grades Provenin Service. . . . . ... ... .......

Unalloyed Wire Rod for Cold Drawing . . .
By H. Beck and C. M. Viad

Required Propertiesof Use. . . . ... ...
Characterization of the Required Properties

Measures to Attain Required Properties . .
General Remarks. . . ... ... .......

X1t

119

158

168

169
174

177

177
177
178

180
180
181
185
186

187

195

195
196

199
199



XIv

C8

C8.1

C82
C821
C822
cR2

C83.1
C832
C8321
C83.22
C8.3.23
C8.3.3
C834
C83.5

C84

C9

Co.1
C9.2

C93
C93.1
C93.1.1
C93.12
C9.3.2
9321

C9.3.2.2
C93.23
C93.24
C9.3.25
C9.3.2.6
C9.3.3

C94
€941
C94.1.1
C94.12
C94.13
C94.14
C94.2
C943

10

C10.1
Cc102
Cc103

Contents

Metallurgical Measures and Mill Practices to Produce Microstructures with
Required Properties . . . . . . . ... .. .. ... e

Characteristic Steel Grades Provenin Service. . . . ... ... ............

Ultra High-strength Steels. . . . . .. ...........................
By K. Vetter, E. Gondolf and A. von den Steinen

Definition of the Term “Ultra High-strength Steel” (“UHS” Steel) . . . . . ... ..

Required Properties and Appropriate Test Methods . . . ... .... ... .. ...
Application-derived Requirements. . . . . ... .....................
Requirements Imposed by Manufacturing (Processing) Technology . . . . . .. ..

Meeting Requirements by Adjustment of Chemical Compositions and Appropriate
Production Techniques . . . . . . .. .. ... .. i e
Basic Possibilities. . . . . .. .. ... ... L
Strength and Toughness Properties . . . . . .. .. ...................
Conventionally Heat-treatable Steels . . . ... .....................
Maraging Steels. . . . . . .. ... e
Production of Conventionally Heat-treatable UHS Steels and Maraging Steels . .
Stress Corrosion Cracking, Hydrogen Embrittlement and Rust-resistance . . . . .
Fatigue Strength . . . . . . . .. ... ... e
Processing Properties . . . . . .. ... .. ... ... . ...

Characteristic Grades of UHS Steel and Their Properties. . . . .. ... ......

Elevated-temperature Steels (Creep Resistant and High Creep Resistant Steels) and
Alloys . . . L
By H. Fabritius, D. Christianus, K. Forch, M. Krause, H. Miiller and A. von den
Steinen

Required Properties . . . . . . . . . i it
Characterization of the Required Properties by Results of Specified Tests . . . . .

Physical Metallurgy Procedures to Attain the Required Properties . . .. ... ..
Ferritic Steels . . . . . .. .. e e e e e e e e e e e e e e
Ferritic Steels for Slightly Elevated Temperatures. . . . .. ... ...........
Ferritic Steels for Creep Resistance . . . . . ... ... .................
Austenitic Steels . . . . . . .. L e
Significance of the Face Centered Cubic Lattice for the High-temperature Strength
Of AuStenite . . . . . . . i e e e e e e e e
Effects of Chromium and Nickel. . . . . ... ... ... ................
Effects of Carbonand Nitrogen . . . . .......... ... .. ... .......
Effects of Niobium and Titanium . . . . .. ... ... ... ... ..
Effects of Molybdenum, Tungsten, Vanadium and Cobalt. . . . ... ... ... ..
Effect of Boron . . . . . . . .. .. e
High-temperature Nickel and Cobalt Alloys. . . . .. .................
Characteristic Material Grades Proven in Service. . . . . . ... ...........
Ferritic Steels . . . . . . . . . e e e e
Ferritic Steels for Slightly Elevated Temperatures. . . . ... .............
Ferritic Steels for Platesand Tubes . . . . . . ... .. .................
Ferritic Steels for Forgingsand Bars . . . . .. ... .. ....... ... ......
Ferritic Steelsfor Castings . . . . . .. ... ... ... .. onn.n
Austenitic Steels . . . . . . .. ... e
High-temperature Nickel and Cobalt Alloys. . . . . ... .. .............

Low Temperature Steels (Steels with Good Toughness at Low Temperatures)
By M. 'Hancke, J. Degenkolbe, J. Petersen and W. Weling

Required Propertiesof Use. . . . . .. ... ... ... .........
Characterization of the Required Properties. . . . . ..............
Physical Metallurgv Procedures to Attain Reanired Pranartiec

200
204

208

208
208
208
210

211

212
212
216
218
219
220
221

223

226

226
229
233
233
233
237
242

242
243
243
245

249
249

253
253
253

259
261

269

273

273
274

b e br §



C10.3.1

C10.3.2

C104
C104.1
C104.2

C105

c11

C111
Cl11.2

C11.21
Cl11.21.1
C11.21.2
C11.2.1.3
Cl11.2.14
C112.1.5
C11.2.1.6
C11217
C11.2.1.8
C11.2.1.9
C11.2.1.10
C11.2.2
C11.2.21
C11.2.2.2
C11.223
C11.2.24
C11.2.25
C11.2.2.6

C11.3

C1131
C11.3.2
C11.33
C11.34
C11.35
C11.3.6
C11.3.7
C11.38
C11.39

C12

Ci12.1
C122
C123

C13

C131

C13.1.1
C13.1.2
C13.13

Contents Xv

FerriticSteels . . .. .. ... .. ... .. ... .. 277
Chemical Composition. Measures to Achieve a Fine-grained Microstructrue. Ab-

sence of Non-metallic Inclusions (Cleanness), Influence of Tramp Elements. Heat
Treatment. Rolling.

Austenitic Steels™ . . . . ... ... 282
Characteristic Steel Grades Provenin Service . . . .. . ... ............. 287
FerriticSteels . . . . . ... ... ... 287
Austenitic Steels . . . . ... ... ..., 292
Processing of Low Temperature Steels . . . . . ... .................. 294
Tool Steels. . . . . .. ... ... .. . 302
By S. Wilmes, H.-J. Becker, R. Krumpholz and W. Verderber

Multiple Stresses in Tools. . . . . .. .. ... . .. . ... . e 302
Properties Required of Tool Steels, their Characterization on the Basis of Test
Values, and Measures of Physical Metallurgy to Attain them. . . . ... ... ... 303
Properties of Importance for Various Applications . . . . . ... .......... 305
Hardness at Low and High Operating Temperatures. . . . ... . ... ........ 305
Hardenability . . . ... ........ e e e 311
Retention of Hardness. . . .. .................. N 314
Compression Strength and Pressure Resistance . . . ... ............... 317
Fatigue Strength . . . . . .. . ... .. 320
Toughness at Operational Temperatures . . . . . ... ... .............. 321
Wear Resistance . . ... . ... . ... 329
Thermal Conductivity . . ... .............. e e e e e e e 334
Resistance to Thermal Fatigue. . . . . . ... ...................... 335
Corrosion Resistance. . . . ... ......... ... .. ... . . .. 337
Steel Properties of Importance in the Manufacture of Tools . . .. ......... 339
Dimensional Accuracy During Heat Treatment . . . . ... .............. 339
Hot Formability . . .. ... ... . ... . . . .. . . . . 342
Cold Formability and Suitability for Hobbing. . . . . ... ... ........... 343
Machinability . . ... ... ... . 346
Grindability . . . . ... . ... 347
Polishability. . . . ... ... ... .. 349
Characteristic Steel Grades for the Different Fields of Tool Application . . . . . . 350
Steels for Plastics Molds . . .. ....... ... ... ... .. ... . ... . .... 350
Steels for Pressure CastingMolds . . . . . ........................ 354
Steels for Glass Processing . . . . . ... ...... ... .. ... 355
Steels for Cold-forming Tools . . . . ........... ... .......... ... 357
Steels for Forging and Pressing Dies . . . .. ............ e 361
Steels for Hot Extrusion Press Tools . . . .. ....................... 363
Steels for Machining Tools . . . .. ........................, co.. 365
Steels for Cutting Tools . . . . ... ... ... .. .. .. . .. ... 368
Steels for Hard Tools . . ... ..... ... ... . . 373
Wear-resistant Steels. . . . .. ... ..... 374
By H. Berns

Key Properties and their Characteristics . . 374
Microstructural Considerations . . . . . . . 374
Applications of Steels and Iron-base Alloys 379
Stainless Steel . . . . ... .................. 382
By W. Heinmann, R. Oppenheim and W. WeBling

Required Design Properties of the Steels. . . . ... .. 382
Fields of Application for Stainless Steels . . . . ... .. 382
Resistance to Various Types of Corrosion . . . ... .. 382
Mechanical and Technologically Significant Properties 383

[ ] a , d o
WBQﬁuﬂﬂﬁuiﬂﬂ‘lﬂﬁWlﬁn’ﬂ'ﬁ



XVI

C132
C1321
C132.2

C133

C1331
C133.2

C134
C134.1

C134.2

C135

C135.1
C135.2
C1353
C1354

C14

C14.1
Cl142

C143
C143.1
Cl1432
C144

C15.1
C15.2
C153

C154

C154.1
C1542
C1543

Cl6.1
C16.2
Cl16.2.1
C16.2.2
c16.2.3
C16.3

C17
C17.1

C17.11
C17.1.2

Contents

Characterization of the Required Properties by Test Values. . .. ... .......
Testing Corrosion Resistance. . . . .. ..........................
Parameters Characterizing Mechanical and Technologically Significant
Properties . . . . . ...
The Importance of Microstructure and its Chemical Composition for Corrosion.
Performance. . . .. ... ... .. .. ... e
The Decisive Importance of Chromium Content . . . .. ...............
Influence of Other Alloying Elements on Corrosion Behavior . ... ... ... ..
Attainment of the Desired Microstructure by Chemical Composition and Heat
Treatment . . .. .. ... ... L
Dependence of Structure Type on Content of Ferrite and Austenite Formers. Phase
Diagram for Stainless Steels . . . . . ............ ... ... ... ......
Heat Treatment of the Characterizing Structure Groups. . . . . ...........

Typical Steels Provenin Service . . . .. .. ..................... L.
FerriticSteels . . . . . ... ... ... . ... e

Steels for Use with Hydrogen at Elevated Temperatures and Pressures (High-pressure
Hydrogen Resistant Steels) . . . . . .. ....... .. ... ... ........ ...
By E. Mirker

Hydrogen-induced Damage to Steel Used in High-pressure Applications . . . . . .

Basis of Physical Metallurgy to Attain High-pressure Hydrogen Resistant
Steels. . . . ...

Conclusions Regarding the Chemical Composition. . . . ... ............
Resistance to High-pressure Hydrogen . . . . .. ....................
Consideration of the Processing Properties . . .. ...................

Application-oriented Selection of the Steels . . . . .. . . .. .. .

Heat Resisting Steels. . . . . . . .. e e e e e
By WeBling and R. Oppenheim

Required Propertiesof Use. . . .. .................
Characterization of the Required Properties by Test Values. . .
Chemical Composition and Microstructure of Applicable Steels

Characteristic Grades of Heat Resisting Materials . . . ... ..
FerriticSteels . . . . ......... ... ... ...........
Austenitic Steels and Alloys. . . .. ... ..............
Criteria for the Selection of Heat Resisting Material Groups . .

Heating Conductor Alloys . . . . . e e e
By H. Thomas

Required Properties and their Testing . . ... ..............
Relationship Between Physical Metallurgy and Chemical Composition
Austenitic Heating Conductor Alloys . . . . . ...............
Ferritic Heating Conductor Alloys . . . . .................
Influence of Special Alloying Additions. . . .. ............. -

Technically Established Heating Conductor Alloys. . . . . . P

Steels for Values in Internal Combustion Engines . .
By W. WeBling and F. Ulm
Basic Properties of Valve Materials . . . . ... ...

Requirements Resulting from Service Conditions . .
Requirements Concerning the Processing Properties

423

433

433
434
437

439
439

452

453

453
454



Cc172
C173
C173.1
C1732
C174
C174.1
C1742
C1743
C1744

C18

C181
C182

C183

C183.1
C 1832
C1833
C18.34

C183.5

c19

C19.1

C19.2

C19.2.1
C19.2.2
C193

C194

C194.1
C194.2
C1943
C1944
C1945

C20

C20.1
C20.2

C203
C203.1
C203.2

C2033

C20.34

C204
C204.1

Contents

Characterization of the Requirements by Test Values . . . ..........
Measures for Satisfying the Requirements . . . . . ... ... .........
Measures of Physical Metallurgy . . .. ............ ... ... ..
Measures for Shaping Valve Parts and Protecting Their Surfaces . . . . . .
Presentation of Standard Valve Materials . . . . .. ..............
Heat-Treatable Steels (Steels for Quenching and Tempering) . . . .. .. ..
Austenitic Steels . . . . ... ... L L
Nickel Alloys . . . . ... .. .. . . . e e
High-Temperature Behavior of the Three Material Groups in Comparison

Spring Steels. . . . . . . ...
By D. Schreiber and J. Wiesenecker-Krieg

Required Properties . . . . . . . . ... ... ...
Measures of Physical Metallurgy to Attain Required Properties . . . . .. ... ..
Spring Steel Grades Proven in Service . . . . ...... . ... ... ... ... ..
Steels for Cold Formed Springs . . . . . ..., ... ... . ... ... ...
Steels for Quenched and Tempered Springs . . . . . ... .. e
Elevated-temperature Strength Steels for Springs . . . . . ...... ... ... ...
Spring Steels with Good Toughness at Low Temperatures (Spring Steels for Low
Temperature Service). . . . . . . . . . ...
Stainless Steels for Springs . . . . . . ... ... L e

Free-cuttingSteeIs.....................; ........
By H. Sutter and G. Becker

Characteristic Properties . . . ... ....................

Consequences Considering Physical Metallurgy. . . ... ... .. ..
Nature of the Microstructure. . . . . .. .................

Consequences for the Production of the Free-cutting Steels. . . . . .
The Free-cutting Steel Grades of Common Use and Their Properties
Steel Grades Characterizing the Application Range. . . . . ... ...
Machinability . . . .. ... ... .. e
Mechanical Properties. . . . . . ... .......... ... .. ...,
Subsequent Processing and Heat Treatment. . . . ... ...... ..
Other Properties

Soft Magnetic Materials. . . . . .. .. .. ... ... ... ... L L.
By E. Gondolf, F. Assmus, K. Giinther, A. Mayer, H. G. Ricken and K.-H. Schmidt

Range of the Soft Magnetic Materials. . . . . ... ... ................
Characteristics for the Evaluation of Soft Magnetic Materials . . . . ........
Soft Iron: Applications, Properties, Production, and Grades . . . . ... ... ...
Basic Requirements . . . . . ... ... ... ... e e
Findings of Physics and Physmll Metallurgy Regarding Influences on the Requlred
Properties . . . . . . . ... . e e e
Saturation Polarization. Coercivity and Bloch-wall Movements. Anisotropy Ener-
gies. Implications for Manufacturing.

Production Technique. . . . . .. . .. ... it i
Melting and Deoxidation. Additional Processing and Heat Treatment.

Magnetic Properties of Important Soft Iron Grades

Relay Materials. Heavy Forgings . . . ... ... ........... .0 .. .....
Electrical Steel Sheet. . . . . .. ... ... .. ... ...
Basic Requirements . . . . . . . ... ... ... ... e

XVII

454
456
456
457
458
458
460
461
462

468

468
469

472
473
473
475

476
476

478

478

479
479
479

482

485
485
485
487
489
489

491

491
492

494
494

494

407



XVIII

C204.2

C204.3

C2044
C204.5

C20.5

C20.5.1
C20.5.2
C205.3

C20.6
C20.6.1
C20.6.2

C20.6.3
C20.6.4

C20.7
C20.7.1
C20.7.2

c21

C21.1
C21.2

C213
C21.3.1
C21.3.1.1
C213.1.2
C2132
C21.3.2.1
C21.322
C21.3.23
C21.3.24
C21.3.25
C21.3.2.6
C21.33
C21.33.1
C21.332
C21.3.33

C214

Cc22

C221
C222
C223
C224

Contents

Considerations of Physics and Physical Metallurgy. . . . . .. ............
Magnetization Processes and Eddy Currents. Chemical Composition. Texture,
Grain-oriented Electrical Steel Sheet. Consequences for the Fabrication.
Production Processes of Electrical Steel Sheets . . . .. ................
Steel-making and Hot Rolling. Processing of the Hot-rolled Strip.

Electrical Steel Sheets Currently Available on the Market and Their Properties. .
Comments on Other Materials. . . .. ..........................
Recent Developments (Amorphous Metals, Silicon Steel with 6% Si). Silicon-
alloyed Materials Besides Electrical Steel Sheets.

Other Steels with Special Requirements for Their Magnetic Properties . . . . . . .
Applications and Requirements for the Material Properties. . . . ... .......
Relationships Between the Required Properties and the Microstructure. . . . . . .
Characteristic Examples of Other Steels with Special Magnetic Properties . . . . .
Steels for Generator Shafts. Steel Castings for Magnetic Applications. Stainless
Chromium Steels for Magnetic Applications.

Soft Magnetic Nonferrous AlOYS . . . . . ... ............0 ... ..
Applications and Requirements . . ... .........................
Aspects of Physics and Physical Metallurgy . . . . ... ................
Phases and Transformations. Magnetic Constants and Ordering Processes. Specific
Shapes of the Hysteresis Loop.

General Remarks on Processing and Products . . . ... ...............
Commercial Nonferrous Alloys for Magnetic Applications . . .. ..........
Iron-nickel Alloys with 70% to 80% Ni. Iron-nickel Alloys with 45% to 65% Ni.
Iron-nickel Alloys with 35% to 40% Ni. Iron-nickel Alloys with Nickel Contents
Near 30%. Iron-cobalt Alloys with 27% to 50% Co.

Remarks on Further Crystalline Special Alloys and on Metallic Glasses . . . . . .
Special Iron Alloys. . . . ... ... ... . ...
MetallicGlasses . . .. .................__.

Permanent Magnet Materials. . . . ... ....... ..
By H. Stiblein and H.-E. Arntz

Required Properties . . . . .................
Permanent Magnet Characteristics . . . .........
Metallurgical Fundamentals and Production . . . . . .
High-Iron Materials . . .. .................
Steels . . . . ... ...,
Elongated Single Domain (ESD) Magnets . . . . .. ..
Medium-Iron Materials . . ... ..............
Aluminum-Nickel and Aluminum-Nickel-Cobalt Alloys
Iron-Cobalt-Vanadium-Chromium Alloys . . . . .. ..
Chromium-Iron-Cobalt Alloys . . . .. ..........
Copper-Nickel-Iron Alloys . . .. .............
Oxide Materials (Hard Ferrites) . . . . ..........
Neodymium-Iron-Boron Materials . . ..........
Material Containing Little or NoIron . . . . ... ...
Rare Earth Metal-Cobalt Materials . . . . ... ... ..

Nonmagnetizable Steels . . . . . ... ... ... . ... .. ... .
By W. WeBling and W. Heimann

Required Properties . . . . . .......................
Characterization of the Magnetic Properties by Test Results . . . .
Conclusions on the Chemical Composition and the Microstructure
Characteristic Steel Grades Proven in Service . . . . . . . .

515
515
516
516

523
523
523

547

547
548

549
557



c23

C23.1
C23.11
C23.1.2

C232

C233

C233.1
C2332
C2333

C24

C24.1
C242
C243

C244

C25

C25.1
C25.2
C253
C254

C26.1
C26.2
C26.3
C264

C271
C27.2
C273
C274

C28.1
C282
C283
C284
C28.5

C29.

Contents

Steels with Defined Thermal Expansion and Speci:il Elastic Properties
By H. Thomas and H. Haas

Propertiesand Tests. . . .. ........................
Determining the Coefficient of Expansion . . . .. ......... ..
Determining the Modulus of Elasticity (Young’s Modulus) . . . . . .
Considerations of Physical Metallurgy . . . ...............
Technically Proven Materials. . . .. ...................
Materials with Special Thermal Expansion. . . . ... .........
Materials for Thermobimetals . . . . .. ... ..............
Constant-Modulus Alloys. . . . ......................

Steels with Good Electrical Conductivity . . . . .. ...................

By K. Werber and H. Beck

Ranges of Application of the Steels and Expected Properties of Use. . . . ... ..
Determination of Electrical Conductivity. . . . ... ..................

Measures of Metallurgy and Physical Metallurgy to Attain a Good Conduc-
HVILY . o,

Steelsfor Line Pipe. . . . . . ... ....................
By G. Kalwa and K. Kaup

Required Properties . . . .. ...............
Characterization of the Required Properties. . . . . .........
Measures of Physical Metallurgy to Attain the Required Properties
Characteristic Steel Grades Proven in Service . . . . .. .......

Ball and Roller Bearing Steels . . . ... ................
By K. Barteld and A. Stanz

Required Properties . . . . ... .....................
Characterization of the Required Properties by Test Values. . . . .
Measures of Physical Metallurgy to Attain the Required Properties
Characteristic Steel Grades Proven in Service . . . . .. .......

Steels for Permanent-way (Track) Material. . . . . ... ... ... .
By W. Heller and H. Schmedders

Required Propertiesof Use. . . .. ...................
Characterization of the Required Properties. . . . . .........
Measures of Physical Metallurgy to Attain the Required Properties
Characteristic Steel Grades and Their Application . . . . . ... ..

Steels for Rolling Stock . . . .. ... ... ..
By K. Vogt, K. Forch and G. Oedinghofen

General Remarks. . . . . .. e
Required Propertiesof Use. . . ... ... ..
Characterization of the Required Properties .
Measures to Attain the Required Properties .
Characteristic Steel Grades Proven in Service

Steels for Screws, Bolts, Nuts, and Rivets .
By K. Barteld and W.-D. Brand

Required Properties of Use. . . . ... ..

XIX

556

556
556
557

558
562

565
565

566

566
568

569
572

574

574
574
578
581

584

584
585
587
589

593

593
594
595
599

602

602
602
603
603
606

608

608



XX

C29.2
C29.3
C29.4

C30

C30.1
C302
C30.3
C304

Part D

D1

D2

D21
D22

D23
D231
D232

D233

D3

D31
D32
D321
D322
D323
D324

D325
D3.26
D327
D3.238
D3.29

D33
D33.1
D332
D333
D334
D335
D336
D337
D338

D34
D3.5

Contents

Characterization of the Required Properties . . . . ... .......
Measures of Physical Metallurgy to Attain the Required Properties
Characteristic Grades Proven in Service . . . .. ...........

Steels for Welded Round Link Chains . . . . . .
By H.-H. Domalski, H. Beck, and H. Weise

Required Propertiesof Use. . . .. .......
Characterization of the Required Properties . .
Measures to Attain the Required Properties . .
Characteristic Steel Grades Proven in Services

The Influence of Production Processes on the Properties of Steel .

The Influence of Production Processes on the Properties of Steel and Steel Products
AOverview . . . . .. e

By A. Randak

Crude Steel Production
By H. P. Haastert

Raw Materials for Steelmaking. . . . ... .. .. e
Influence of the Charged Materials in Steelmaking . . . .. ..............
Steelmaking . . . . . . . . ... e
Meltingand Refining . .. ... ... ... ... ... ... .. . . ...
Deoxidizing and Alloying. . . . .. ... ... .. ... e
Deoxidizing and Alloying in the Steelmaking Vessel. Deoxidizing and Alloying in
the Ladle.

Ladle Metallurgy Processes for Steel Aftertreatment . . . . ... ...........

Gas Rinsing/Stirring Treatment. Injection Treatment. Heating. Vacuum Treatment.

Casting and Solidification . . . . . . .. ... .. ... ... .. ... ... ... ...
By P. Hammerschmid

Characteristics of Common Methods of Casting . . . . . ...............

Casting and Solidification of Steel in Ingot Molds . . . . . P
Reoxidation, Flow, and Superheat. . . .. .. ... ...................
Crystallization Process. . . . . .. ... ... .. .. . e
Heat Transfer and Solidification. . . . <. .. ... .. ... .............
Formation of Segregations . . . ... ........... ... ... ..........
Ingot Segregation. Microsegregation.

Formation of Oxide Inclusions. . . . . ... .......................

Formationof Blowholes. . . . . .. .. ... ........... ... ... ......
Formationof Pipe . . . . . . . . . ... .. .. ... .
Treatmentof Cast Steel . . . . ... ......... ... ... .. ... ... 0...

Processes in Continuous Casting. . . . . .. ..
Reoxidation, Flow, and Superheat. . . . . .. ... ...................
Heat Transfer During Solidification. . . . ... .....................
Formation of Segregations . . . . . ... ........................
Influence of Electromagnetic Stirring on Segregations . . . . . ............
Formation of Internal Cracks . . . . ... ........................
Surface Defects . . . . . . ... ... ... e
Significance of Casting Fluxes . . . . ... ........................
Hot Charging and Hot Direct Rolling of Continuous Cast Steel . . . . ... .. ..

Comparison of Ingot Casting and Continuous Casting . . ..............
Outlook: Continuous Casting Approaching Final Shape. . . . . . .. e

610
612
615

624
626
628

634

635

638



D4

D41
D4.2
D43

DS

Ds.1

D5.2

D521
D5.22
D5.23
D524
D525
D5.2.6
D53

D5.3.1
D5.3.2
D5.33
D534
D5.3.5

D54

Dé

Dé6.1
Dé6.2
D63

Dé6.4
D6.4.1
D642

D643
D6.5

D7

D171
D12
D73

D74

D741
D742
D743

D75
D16

D8

D9

D91

Special Methods for Melting and Casting . . .
By H. Voge
Remelting Methods . . .. ...........

Special Melting Methods for Heavy Forgings
Vacuum Melting Methods . . . . .......

HotRolling . . . ... ................
By K. Tiffner

Hot Rolling Process . . .. .............

Heating . ..................... ..
Heating Conditions . .. ... ...........
Scaling. . . ....... ... ... ...
Surface Decarburization. . . ... ... ......
Hot Shortness. . . .. ................
Influences on the Mictostructure. . . . . .. ...
Hot Feeding and Direct Rolling . . . . . ... ..

The Rolling Processes . . . . ............
Deformation Resistance . . . . . ..........
Formability . . . .. .................
Control of Microstructure and Metal Properties
Improved Surface Characteristics . . . . .. ...
Yield . ... ... ...

Hot Forming by Forging . . . . . e e e e

By H. G. Ricken

AimsofForging . ... .....................
Forging Methods. . . . ... ... ...............
Material for Forging. . . . ... ................

Working Conditions in Forging . . . ... ..........
Heating . ... ............ ... ... . .......
Forging Conditions . . .. ...................

Contents XXI

670

670
675
676

678

678

679
679
682
682
684
684
685

685
685
686
687
688
689

690

............. 691

............. 691
............. 691
............. 691

............. 692
............. 692
............. 693

Effects on the General Quality Properties. Effects on the Mechanical Properties.

Cooling from ForgingHeat. . . . ...............
Defects . . . ... . ... . e

Cold Forming by Rolling . . . . ................

By J. Lippert

Definition and Scope of Cold Rolling. . . . . .. ......
Production Sequences in the Cold Rolling Mill . . . . . ..
Effect of Process Variables in Cold Rolling on Material Properties

Heat Treatment of Cold Strip . . . ... ...........
General Information. . . ... ... ... ....... . ...
Continuous Annealing. . . . ..................
Box Annealing . . ........................

TemperRolling. . . .. .....................
Finishing for Dispatch. . . . . ... ... ...........

Heat Treatment. . . . . . ... ... ... .ueeenwnnn

By H. Vige

Quality Management in the Production of Steel Works Products
By W. Rohde, R. Dawirs, F. Helck and K.-J. Kremer

Concept of Quality Management . . .. ...........

............. 697
............. 697

699

699
699
702

703
703
703
704

704
706

707

m

711



XXIt Contents

D9.2 Measures for Quality Management . . . . ... ... ..
D9%21 Quality Planning . . . . .. .................
D9.2.2 Quality Ingpection . . . .. ........ .. ..
D9.23 Quality Control. . . . . ...................

D93 Quality Management in Steel Making . . . .......
D94 Quality Management in the Deforming of Crude Steel
D9.5 Quality Management in Steel Bar Production. . . . .
D9.6 Quality Management in Plate Production . . . . . ..

Table 1. Comparison of the steel grades mentioned in Volume 1 and Volume 2 of “Werkstoff-
kunde Stahl” and identified here by their designations according to German standards (DIN
Standard) with corresponding grades according to international, European and some other
national standards . . . .. ... .. ... ... e

Table 2. Brief definition of the scope and contents of the DIN Standards mentioned in Volume 1
and Volume 2 of “Werkstoffkunde Stahl” and listed in column 1 of Table 1

Table 3. International and European standards as well as national standards of some non-
German countries which are comparable with DIN. (The standards are identified just by their
number; for abbreviated titles of the German standards refer to Table 2) . . .. ... ... ..
Glossary of Repeatedly Used Symbols and Abbreviations

References.

Subject Index

Contents of Volume 1

Part A Microstructure of Steels
By W. Pitsch, G. Sauthoff (A1-A8), and H. P. Hougardy (A9)

Al Introduction

A2 Thermodynamics of Iron and Iron-based Alloys

A3 Nucleation

Ad Diffusion

AS Typical; Microstructures in Steel

A6 Kinetics and Morphology of Steel Constituents

A7 Structure Development by Thermal and Mechanical Treatments

A8 Comparative Summary of the Reactions in Steel

A9 Description and Control of Transformations in Technical Applications

11
711
712
713

718
719
721
1724

728

744

759

763

813

Part B The Prbperties of Steel in Dependence of Microstructure and Chemical

Composition

Bl Mechanical Properties
By W. Dahl



