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Synopsis : Giga-cycle fatigue properties were investigated for SUP7 spring steels tempered at 430 and 500°C. Tensile strength levels were 1423 and

1730 MPa. Rotating bending, electromagnetic, high-speed servohydraulic and ultrasonic testing machines were used for 30 or 100 Hz, 120
Hz, 600 Hz and 20 kHz tests, respectively. 10'%-cycles fatigue properties were obtained in 3 years under 100 Hz rotating bending and in 7 days
under 20 kHz uniaxial loading, using 6- and 3-mm-diameter hourglass specimens. 10%-cycles fatigue properties were also obtained under 120
and 600 Hz uniaxial loading, using 6- and 3-mm-diameter hourglass specimens. Almost all specimens fish-eye-fractured at internal inclu-
sions of AL, O,. Optically dark areas (ODAs) were formed around inclusions even at 20 kHz. The data obtained was analyzed according to the
predicted fatigue limit and control volume of specimen for fish-eye fracture proposed by Murakami and others. S-N curves for 430°C tem-
pered steel under 100 Hz rotating bending, and 600 Hz and 20 kHz uniaxial loading were coincident each other, because the control volume
was almost the same of 34 and 33 mm®. S-N curves under 120 Hz unixial loading with the large control volume of 227 mm?® shifted to the
lower strength level. The inclusion size was nearly proportional to the control volume. Modified SN curves, that is 6 /0, versus Nf curves,
were independent on the test speed, loading type, specimen configuration and strength level. Here, o, is the fatigue limite for fish-eye frac-
ture predicted by Murakami and others. These results give us two findings. One is that fish-eye fracture is not the simple hydrogen embrittle-

ment process. Another is that 20 kHz ultrasonic machine is effective for accelerated testing method of giga-cycle fatigue.
Key words: high-strength steel; 10'°-cycle fatigue; fish-eye fracture; frequency effect; control volume.
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Table 1. Materials and fatigue test conditions in giga-cycle fatigue data sheets.

SNCM439 | 0.4C-1.8Ni-0.8Cr-0.2Mo
SUP7  |0.60C-2.0Si-0.8Mn-0.15Cr

Steels Elements Fatigue properties and test conditions
S40C 0.40C Giga-Cycle fatigue
SCM440 0.40C-1Cr-0.2Mo Rotating bending, 100Hz, 10 5-10'° cycles

Electromagnetic, Axial, 100Hz, 10 5-1( cycles
Low-Cycle fatigue
Servohydraulic, Axial, 0.1Hz ~ 0.6Hz, 102-10 § cycles
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Fig. 1. Profiles of fatigue testing specimens. Dimensions

are in mm.
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Fig. 2. SN curves for SUP7 steel tempered at 500°C
under 30 Hz or 100 Hz rotating bending and 120 Hz
uniaxial loading.
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S-N curves for SUP7 steel tempered at 430°C
under 30 Hz or 100 Hz rotating bending and 120 Hz
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Fig. 4. SN curves for SUP7 steel tempered at 430°C
under 600 Hz and 20 kHz uniaxial loading.
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Table 2. Heat treament conditions in giga-cycle fatigue

data sheets.
(2)S40C, SCM440, SNCM439 steels

Steels High strength Low strength
S40C Pre-heating 855 °C/30min, AC
SCM440 Normalizing [550 °C/60min, WC |870 °C/30min, AC
SNCM439 870 °C/30min, AC
$40C 1040 °C/0.1S, WQ|855 “C/30min, OQ
SCM440 Quenching {1000 °C/0.1S, WQ |855 °C/30min, OQ
SNCM439 1000 °C/0.1S, WQ |845 °C/30min, OQ
All steels Tempering 180 °C/60min, AC |550 °C/60min, WC

(b)SUP7 steel
High strength | Low strength

845 °C/30min, AC
845 °C/30min, OQ
430 °C/60min,WC [ 500 °C/60min, WC

Normalizing
Quenching

Tempering

Table 3. Chemical composition of SUP7 spring steel.

Element(mass %)
C Si Mn P S Ni G Mo Cu Ti Al N O
0.59 1.99 0.92 0.027 0.010 0.01 0.15 0.004 0.01 <0.005 0.026 0.0039 0.0008

Material

SUP7

Table 4. Mechanical properties of SUP7 spring steel.

Tempering Tensile properties Vickers
Temp. 0.2% Proof stress|Tensile strength|Rduction of | hardness
6a2(MPa) 68(MPa) area(%) (HV20)
430°C 1589 1730 34 528
500 °C 1276 1423 31 441
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Fig. 5. SN curves for SUP7 steel tempered at 430°C
under 30Hz or 100 Hz rotating bending, and 120
Hz, 600 Hz and 20 kHz uniaxial loading.
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Table 5. Summary of giga-cycle fatigue results.

Fatigue limit Average inclusion
Type of test Frequency [Specimen 10" cycles 10" cycles  size at fracture site Control
dia(mm) (MPa) (MPa) A area.av. (¢ m) |volume (mm’)
500 °C (430 °C (500 °C (430 °C {500 °C 430 °C
Rotating bending 30. 100Hz 6 675 700 640 600 24 23 34
Electromagnetic | 120Hz 6 540 580 —_ — 35 34 227
Uniaxial |  Servohydraulic 600Hz 3 —_— 700 -_ —_— -_— 29 33
Ultrasonic 20KHz 3 — 700 | — 680 | — 34 33
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Fig. 6. Fatigue limit against tensile strength for tempered-
martensitic steels under rotating bending.
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martensitic steels under uniaxial loading.

789 I



B 750 §$£&$M  Tetsu-to-Hagané Vol. 88 (2002) No. 11

(a)100Hz rotating bending, O a=720MPa, Nf=1.5 X 10°

(c)600Hz servohydraulic, 0 a=740MPa, Nf=5.1 X 10¢

(b Y120Hz electromagnetic, ¢ a=700MPa, Nf=3.6 X 10 ¢

(d 20KHz ultrasonic, ¢ a=700MPa, Nf=7.1 X10’

Fig. 8. SEM micrographs of fish-eye fracture origins.

(a)120Hz electromagnetic, O a=700MPa, Nf=3.6 X 10°

(b 20KHz ultrasonic, O a=700MPa, Nf=7.1 X10’

Fig. 9. Optical micrographs of fish-eye fracture origins.
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Fig. 12. Modified S-N curves for SUP7 steels tempered at
430 and 500°C.
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