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Abstract: The aim of this study is to estimate the reliability of fatigue limit of the material used for crank throw
components according to the staircase method. The material used for crank throw components is forged S34MnV
grade steel, which is heat treated by normalizing and tempering. In this work, to predict the reliability of the
design fatigue strength, axially loaded constant amplitude fatigue testing was conducted. The test specimens were
loaded with an axial push/pull load with a mean stress of 0 MPa, which corresponds to a stress ratio of R=-1.
The fatigue test results were evaluated by Dixon-Mood formulas. The values of mean fatigue strength and
standard deviation predicted by the staircase method were 296.3 MPa and 10.6 MPa, respectively. Finally, the
reliability of the fatigue limit in some selected probability of failure is predicted. The proposed method can be
applied for the determination of fatigue strength for design optimization of the forged steel.
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Fig. 2 Schematic illustration of built-up type crank
shaft
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Fig. 3 Schematic illustration of staircase test data
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Table 1 Chemical compositions of S34MnV steel
and crank throw component (wt.%)

Mater. C Si Mn P S Cr A\

Laddle | 0.44 | 0.26 | 1.0 | 0.012 | 0.002 | 0.12 | 0.06
Product | 0.43 | 0.24 | 1.04 | 0.016 | 0.004 | 0.14 | 0.06

r=
oc=053As ifFy, <0.3 (3)
FB—A?

Fy, = — “4)
Jmax
j=0
jmax

B= Y j* xn, (6)
ji=0
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Table 2 Fatigue testing conditions for the test
specimen according to the staircase method
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Table 3 Mechanical properties of S34MnV grade steel
depending on the location of specimen

Testing condition Value
Wave form Sinewave
Mean stress, o,,(MPa) 0
Stress ratio, R -1
Starting stress amplitude, o, ,,(MPa) 283
Step size, As(MPa) 20
Frequency(Hz) 20

r"_

Fig. 4 Servo-hydraulic fatigue tester (MTS 370)

210 4 005
R =8
I'E] v
PR FR N W —— —— — o ——— } @16
—]
45 20 0 20 45
Lo la)
160 A 007 |

Fig. 5 Shape and dimension of the test specimen
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Fig. 6 Illustration of procedure of fatigue testing using
staircase method

Fig. 7 Shape of tensile fracture surface

A% e A4E) A6 AgAES SRS
o 9FUEE Estol e AYA 22 BE
(o) s

B AFAEE 708 MPa, &7
AXNEL 21%E AATE AAF OJXJ b e R
A ol Z A AFPAQl AAg T o UFAS

o
fx

O

&



duhg O g aa 22

Table 4 Parameters j and n; by Dixon and Mood
approach for the test results

. Stress amplitude level
Ordinal (l\l/)IPa) J n;
1 283 0 5
2 303 1 1
3 323 2 0
3 . . 6

Table 5 Results of fatigue test for 2x10° cycles

Items Results Remarks
Number of cycles(cycles) 2x10° N
Lowest stress level(MPa) 283 S,
Stress step size(MPa) 20 As
Failure/Run Out 0.5 x(factor)
Mean fatigue strength(MPa) 296.3 1
Standard deviation(MPa) 10.6 o

360 T T T T T T T T T T T T

Staircase Test (2 x 10° cycles)
Starting stress : 283 MPa E
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Fig. 8 Staircase test data of crank throw specimens
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Fig. 9 Probability density function of fatigue limit
of test specimens
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Table 6 Design fatigue strength of test specimens
for each reliability

Reliability Failure probability Design fatigue
R(N) F(N) strength (MPa)
99.0 10.0 282.6
95.0 5.0 278.8
97.0 3.0 279.3
99.0 1.0 271.6
99.9 0.1 264.5

Table 7 Results of the fatigue test for 1x107 cycles

Test Stress amplitude | Specimen Results
condition (MPa) number
V1 Survival
1x107 cycles 275 V2 Survival
V3 Survival
13.5% 13.5%
34% | 34%
US% 2%\/‘ [X 2{)%05%
ST .. Tt
3 2 0 +1 42 +3 +4
| |_53v,g_| |
95%
99%

Fig. 10 Concept of failure probability or reliability
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