Contents

1 Imtroduction ....... ... ... ... ... . . .0t 1
1.1 Tool Steels........ ... 1
1.1.1 Tool Steels: General Overview. . ................. 1
1.1.2 Historical Aspects of Tool Steels ................. 2
1.1.3 Manufacturing Processes . . ..................... 6
1.1.4 Alloying Elements in Tool Steels . ... ............. 10
1.1.5 Classification and Application of Tool Steels. . ....... 18
1.2 Fatigue of Materials. . ... ....... ... ...y 21
1.2.1 General Considerations . ............... ... ..... 21
1.2.2 Brittle and Ductile Failure . .. ................... 23
123 Fatigue Failure . . ... ...... ... .0 iiiinn. .. 23

1.2.4 Fatigue Behavior of High Strength Bearing
and Spring Steels . ........... ... . . L., 31
1.2.5 Fatigue Behavior of Tool Steels . . .. .............. 39
1.3 The Aimsof this Thesis. . .......... ... ... . .. 43
References . .. ... i, 45
2 Experimental.......... .. ... .. ... .. . i, 51
2.1 Investicated Materials .............. ... ... ... .. ... 51
2.1.1 Cold Work Tool Steel (Bohler K110) . ............. 51

2.1.2  PM Cold Work Tool Steel (Bohler K390 Microclean). .. 57
2.1.3 Conventional Ingot Metallurgy High Speed Steels

(Bohler S500 and S600). . . .......... .. L., 58

2.1.4 Powder Metallurgy High Speed Steel
(Bohler S590 Microclean) . ....... ... oo ..., 59
2.2 Equipment Used and Procedures . . ..................... 60
2.2.1 Fumnace Used for Heat Treatment . . . ... ........... 60
222 Dilatometry . .. ..o vi ittt 60
2.2.3 Determination of Mechanical Properties ............ 61
2.24 Metallographic and Fractographic Investigations. . .. ... 63
xi

Bibliografische Informationen digitalisiert durch EI |1_E
http://d-nb.info/1011731290 f\BI THE



http://d-nb.info/1011731290

xii

Contents

2.2.5 Residual Stress Measurements . ... ...............
2.2.6 Ultrasonic Fatigue Testing . . . ...................
2.2.7 The Ultrasonic Frequency Resonance Fatigue

Testing System. . . .. ... e

| 23S (S5 1 010 SR

3 Resultsand Discussion. . .......... ... .0t iinerannn

3.1

32

33

34

35

Residual Stresses. ... ...ttt
3.1.1 Residual Stresses at the Surface and Depth Profiles . . ..
3.1.2 Axial and Tangential Residual Stress Profiles. . . ... ...
3.1.3 Homogeneity of the Residual Stresses Over

the Specimen Circumference ....................
General Evaluation of the Fatigue Testing Method . ... ......
3.2.1 Calibration of Fatigue Testing . ..................
3.2.2 Determination of the Test Volume ................
3.2.3 Specimen Temperature During Cyclic Loading. . .. .. ..
3.24 Cavitation and Corrosion . . .. ...................
3.2.5 Surface Zone Deformation During Fatigue Testing . . . . .
Fatigue Behavior of Conventional Cold Work Tool Steel
(Bohler K110). . . . . .. ..o e i e
3.3.1 Materials Characterization . . .. ..................
3.3.2 Dilatometric Investigations of Cold Work Tool

Steel K110, . .. ... o i
3.3.3 Fatigue Behavior of Cold Work Tool Steel

(Bohler K110) in Longitudinal Direction. ... ........
3.3.4 Fatigue Behavior of Cold Work Tool Steel K110

in Transverse Direction . .. . ....................
Fatigue Behavior of Ingot Metaliurgy High Speed Tool Steels
(Bohler Steel S500 and S600). ... ....... ... ... ...
3.4.1 Characterization of Mo-Based High Speed Steel

(Bohler S500/M42/HS 2-10-1-8). . ................
3.4.2 Characterization of Mo-W-Based High Speed Steel

(Bohler SO0O/M2/HS 6-5-2) . . .. ... oo
34.3 Fatigue Behavior of High Speed Steels

S5060and S6060. . ........ ... ... ...
Fatigue Behavior of Powder Metallurgy Cold Work Tool Steel
(Bohler K390). . ... ..o
3.5.1 Material Characterization. . .....................
3.5.2 Fatigue Behavior of PM Cold Work Tool Steel K390. . .

68

76
80

83
83
83
85

87
88
88
90
91
92
94

95
95

117
147
156
156
165
172
185

185
189



Contents xiii

3.6 Fatigue Behavior of Powder Metallurgy W-Mo Based

High Speed Tool Steel (Bohler S590) . .................. 198

3.6.1 Material Characterization. . ..................... 198

3.6.2 Fatigue Behavior of Bohler S590 Steel .. ........... 203
References . .. ... . i i et i e 212

4 Summaryand Qutlook.............................. ... 215
41 SUMMArY .. ...ttt i e e e 215
42 Outlook ... .o e e e 223

References . .o vttt it i e e e e e e e 224



