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Effects of Structural Stress Concentration and Surface Integrity on Axial Fatigue
Property of 17-4PH Steel
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Abstract; Structure factor and mechining process have important effects on the fatigue property. Turning, grinding and shot
peening were applied to specimens of two structural stress concentration conditions (smooth: stress concentration coeffient Kt=
1, notched: Kt=2) to introduce different surface integrties. Axial fatigue S=N curves of 17-4PH steel on six structural stress
concentration and surface integrity conditions were characterized; moreover, the surface residual stress and roughness were test-
ed. The smooth turning condition was chosen as the baseline. The results show that on the smooth condition, fatigue limits of
grinding, turning—peening and grinding— peening increase 18. 1%, 21.4% and 26 %, respectively, compared with the baseline.
However, in contrast on the notched condition, the fatigue limit of grinding decreases by 20. 8% compared with the baseline.
Moreover, the fatigue property after grinding— peening increase 25. 9% in comparison of grinding. The surface roughnesses Ra
after turning. grinding, turing—peening and grinding—peening are 1. 733, 0. 819, 2. 251 and 2. 228 um, respectively. The effects
of structural stress concentration on fatigue performance are greater than that of surface integrity. However, surface integrity al-

so has an important influence on fatigue for the certain structure.
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Table 1 Mechnical properties of the 17-4PH steel bar

(w/ %)
Temperature/ on/ 602/
, 0 %
C MPa MPa
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(b) Notched, Kt=2
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Fig. 1 Schematic diagrams of the smooth and notched axial fatigue specimens
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Table 2 Stress concentration (SC), surface integrity (S

and state number of the samples
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GP1 1 N N
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GP2 2 N N
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Table 3 Surface roughness of the four SI conditions

Ra,/ Ra,/ Ra,/ Average/
Remark
‘u.m ;Lm ;Lm pm
T1 1.670 1.565 1. 849 1.733
Gl 0. 875 0.812 0.769 0. 819
TP1 2.203 2.215 2.335 2.251
GP1 2.316 2.208 2.159 2.228
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Table 4  Surface residual stress (SRS) of the four

SI conditions

SRS,/ SRS,/ SRS,/ Average/
Remark
MPa MPa MPa MPa
T1 323.6 412.3 350.9 363.3
G1 —205.6 —252.7 —192.8 —217.0
TP1 —535.3 —560. 1 —610.2 —568.3
GP1 —570.9 —591.5 —581.2 —581.2
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Fig. 2 Fatigue curves of 17-4PH steel on turing and

turing+ peening condition when Kt=1
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Fig.3 Fatigue curves of 17 -4PH steel on grinding and

grinding+ peening condition when Kt=1
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Fig.4 Fatigue curves of 17 -4PH steel on grinding and

grinding+ peening condition when Kt=2
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Table 5 Fatigue limit of six conditions on SC and SI

State No, | gue Compared Peening gain/%
limit/MPa  with T1/%

Tl 468
Gl 553 18. 1
TP1 568 21.4 21. 4( with T1)
GP1 590 26.0 6. 6( with G1)
G2 371 —20.8
GP2 467 —0.3 25. 9(with G2)
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