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The Effect of Compressive Residual Stresses of Two-stage Shot Peening
for Fatigue life of Vehicle Spring Steel
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Abstract : Recently the steel parts used at automobiles are required to be used under high stress more than ever before
in need of the weight down. To achieve this requirement of a high strength steel, it must be necessary to decrease
inclusion content and surface defect as like decarburization, surface roughness etc.. In this study, the surface conditions
are measured to know the influence on fatigue properties by two cases of shot peening of two-stage shot peening and
single-stage shot peening. And for this study, three kinds of spring steel (JISG4081-SUP7, SAE 9254, DIN 50CrV4) are
made. This study shows the outstanding improvement of fatigue properties at the case of two-stage shot peening in the
rotary bending fatigue test and this is assumed to be from (1) Decreasing the surface roughness (2) Unchanging the
surface hardness (3) Increasing the compressive residual stress. But, results also show fatigue failures originated at
inclusion near surface, and this inclusion type is turned out to be a alumina of high hardness.

Key words : Shot peening(= E. 3] 0] ), Compressive residual stress( 527 &3),  Rotary bending(3] |5 9),
Fatigue life(¥] 2 %)
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Fig. 1 Dimensions of specimen

Table 1 Chemical composition of specimen(wt, %)

C Si Mn P S Cu Cr V
50Crv4 050 027 0.82 0.02 0.005 - 0.10 0.117
SAE9254 055 136 0.7 0010002 - 068 -
SUP7 0.59 0.19 0.834 0.012 0.003 0.03 - -
Table 2 Mechanical properties of specimen
Tensile | Hardness(HB) | Elong- |Reduction
Material | strength | After After ation | of area
(Mpa) |quenching| tempering | (%) (%)
50Crv4 | 1795 2.5 2.75 9.4 35.7
SAE9254] 1764 2.3 2.75 94 36.0
SUP7 1778 235 2.75 11.4 41.9
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Table 3 Conditions of shot-peening

Condition ! Stage' 2 Stage.
shot-peening shot-peening
Impeller dia 490 mm 360 mm
Blades
width /Qty 90mm/6 pcs 60mm/6 pcs
r.p.m 2200 r.p.m 3000 r.p.m
Shot-ball dia. 0.8 mm 0.6 mm
Time 24 sec. 10 Min.
Arc height
(Alman A-Stip) 0.375 mm 0.305 mm
Coverage 85 % 90 %

Fig. 2 Fixture of specimen

Fig. 3 Shot-peening apparatus

Rubber masking

Y1)

Fig. 4 Rubber masking for specimen
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Table 4 Measuring condition of residual stress

X-ray diffration Condition
X Taget Cr-V
so:lr:lc); Voltage 30KV
Current 10 mA
v 0°,15°,30°,45°
26 140° ~ 170°
Diffration Scintillation counter
232 sl 24N
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Fig. 5 Residual stress distributions produced by shot-

peening (SAE 9254)
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Fig. 7 Residual stress distributions produced by shot-
peening (SUP 7)
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Fig. 8 Residual stress distributions produced by shot-
peening (SAE 9254, 50Crv4, SUP 7)
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Fig. 16 SEM photographs of fracture surface around crack
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Fig. 18 SEM photographs of fracture surface around crack
initiation point for specimen 50CrV4 under 2 stage
shot-peened

Fig. 19 SEM photographs of fracture surface around crack
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shot-peened

Fig. 17 SEM photographs of fracture surface around crack
initiation point for specimen 50CrV4 under 1 stage
shot-peened
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Fig. 20 SEM photographs of fracture surface around crack
initiation point for specimen SUP 7 under 2 stage
shot-peened
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Condition : 2E¥ Shot-Peening
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Fig. 21 SEM photographs of fish eye (nonmetal) fracture
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Specimen : DIN 50CrV4

Condition : 2% Shot-Peening
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Fig. 22 SEM photographs of fish eye(nonmetal) fracture
region under A0/2 = 1660MPa
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