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The Effect of Sulfur on Fatigue Property of Precipitation-Hardening High-Manganese Non-Magnetic Steel
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Yasushi Haruna

Synopsis:

Key words:

For mechanical components used in high magnetic flux such as bearings and shafts that undergo cyclic stress,
materials require non-magnetic property with high strength, hardness, appropriate machinability, and good fatigue
properties. Although it is implied that non-magnetic proerties and machinability will be achieved by a selection of
sulfurized austenitic ( y) steel grades, effect of manganese sulfide (MnS) on fatigue properties of such grades is
not clarified. There are not many studies that discuss the effect of MnS on fatigue life: for bearing use, a few
investigations were carried out on high-carbon chromium bearing steels containing sulfur less than 0.03%. In
these studies, the effect of MnS is not clearly determined whether it is beneficial or harmful to contact fatigue lives
of the steels. In addition, effect of MnS under higher sulfur content, i.e. 0.10%, on the fatigue properties of y steel
has not been studied. In this study, the effect of sulfur on fatigue properties of vanadium added vy steel, 10Cr-5Ni-
8Mn-1.6V-0.6C, was investigated. As a result, sulfurized steel indicates superior fatigue properties to the same
grade of conventional sulfur content. It is because MnS acts as a stress relaxation site due to restraint of the slip
of the matrix and tiny crack generation.

Precipitation-hardening steel, vanadium carbide, manganese sulfide, fatigue, rolling contact fatigue, rotating bend-

ing fatigue, stress relaxation.
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Tablel. Chemical compositions of the steels.

0 mass%l]
Steel C Mn S Ni Cr \%
LS 0.583 8.13 0.010 4.98 9.99 1.67
HS 0599 813 0.116 498 9.98 1.68
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*The steels also contain 0.20% Si, 0.032% P,
0.20% Mo, 0.30% Cu, and 0.03% N.
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Table2. Machinability test condition.

Drill @ 8 mm twisted drill
Drilling speed 7.4 m/min0 295 r.p.m.0O
Applied thrust load 815N

Drilling depth 10 mm

Lubricant not used

Total drilling holes 25
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al] Dimensions of specimen for rotating bending fatigue test
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ﬁ Applied force

A specimen holder

B O specimen

C [ 3/8" bearing balls] SAE 521000
D O ball holder

E O upper racel] SAE 521000

F O rotating axle 1200 r.p.m.O

GO lubricant

b Test apparatus of thrust type rolling contact fatigue test
Fig. 1. Schematics of fatigue tests applied for investigations.

Table3. Thrust type rolling contact fatigue test condition.

Hertz Contact stress, Pmax 4.41 GPa and 4.66 GPa

Loading cycle

1800 cycles per minute

000o0o0ooooooolowoooooooL,,0o0 Lubricant #60 spindle oil, circulated
ogoooad Temperature 308 K
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Fig. 2. Microstructures of aged a1 LS and b0 HS steels at 1023K for 7.2ks.
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Table4. Mechanical properties of the maximum hardened specimens.

Steel Hardness TS 0.2%YS El RA

OHRCO OMPal OMPalOl 0O %O 0 %0

LS 46.1 1343 1062 15.6 26.3

HS 46.3 1353 1113 13.6 26.5
302 000
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Fig. 3. Machinability of as-solution treated LS and HS steels
comparered to Type 304 austenitic stainless steel.
Hardness of each steel is indicated under the grade.
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Fig. 4. S-N curves obtained from rotating bending fatigue test of
aged HS and LS steels.
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Fig. 5. Changes in al] hardness and b1 permeability during rotating bending fatigue test.

Table5. Comparison of work hardening coefficient of aged LS and

HS steels.
Grade Work hardening coeff. n
LS 0.085
HS 0.112
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000000000 00DOO0OFg700L,,000Table 6
gooooooboobooobogosogorsooooon
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Fig. 6. Fracture surface near fracture initiation site of HS steel fatigued at 590 MPa for 1.97x10¢ cycles.
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Fig. 7. Weible distributions of lives of aged steels. Arrows show unfailed. all Pmax[] 4.41GPa and b0J 4.66GPa

Table6. L, lives of aged steels.[] applied stress cycles OPmax04.41GPa0 O O HSO OO O ODOOOLSOODOOO

Pmax LS steel HS steel gooooooao
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Fig. 8. Typical microstructures of plastically deformed region. The
arrows show Mns inclusions.
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Fig. 10. TEM micrographs of the plastic deformation region of HS steel. ald BCCO o/ O type and bd HCPO & O type martensite.
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Fig. 11. Microstructure around MnS in plastically deformed region
of HS steel after rolling contact fatigue test.
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