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A Study on the Safety of Fatigue Fracture of Stud Bolt for
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1. Abstract

Bolting 1s widely spreaded for its reliability, productivity, cost and

easy—dismantling process for repair and exchange. Cylinder cover is fastened with
cylinder block by the stud bolts placed at the upper part of cylinder liner.

Stud bolt for cylinder cover is repeatedly given axial forces from the initial
fastening torque and explosion pressure as variable load from the combustion
chamber. Because variable stress conditions cause stress concentration on the
screw threads, factors such as allowable stress and limitation of the stress
concentration should be decided at the stage of design for minimizing fatigue failure
caused by stress concentration and for selecting proper bolt materials and sizes.
From the research, presumed the number of cycles for variable stress generated
on stud bolt for the expecting design life by modeling MAN B&W 12K98MC-C
engine. And collected and analyzed other fatigue test results of stud material, High
Tensile Alloy Steel(SNCM439).

The statistical analysis of research results presents (10% failure probability)
fatigue strength equation which can explain effects of what influence stress
concentration factor and stress ratio have on fatigue strength.

Furthermore, theoretical calculation of FEM modeling program makes it possible to
obtain each values of stress concentration.

The cumulative damage factor based on Miner-Palmgren hypothesis is used for the
practical procedure of fatigue life prediction. Also, the quantitative safety analysis
of fatigue failure of the stud bolt for cylinder cover can be done, and then results

are reflected for the design optimization.
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2. Nomenclature

. 1
Cumulative damage factor = ZT
i

Number of cycles in stress block 1 with constant stress

Number of cycles to failure at constant stress range

, 0.5 %
Stress amplitude, W , MPa

Stress amplitude at stress ratio, R=0, MPa

Jmax = Umin

5 , MPa

Mean stress,

. O i
Stress ratio, ——

max
Tensile strength, MPa
Yield strength, MPa
Stress concentration factor

Maximum stress range for a total of n, cycles, MPa
Total number of stress cycle

Stress range, 0, — Onin » MPa

range
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Cycle = T
Spax = Maximum stress
Spin = Minimum stress
S, = Alternating stress = (Spax = Sy ) / 2
S,, = Mean stress = (Spyax * Spin )/ 2
R = Stress rabtioy =80, - /- mer

Fig. 2.6 The various kinds of stress scopes in terms of periodic loads
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Fig. 3.1 Specified structure of stud bolt



F????llfﬂ
|

N\

Fig. 3.2 The structure of MAN B&W 12K98MC-C engine

and the shape of upper part of cylinder
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Table 3.1 Chemical composition of SNCM439

Symbol chemical composition %
of kind C Si Mn P S N1 Cr Mo

036 ~ {015 ~ [0.60 ~|Max. | Max. |[1.60 ~ 060 ~]0.15 ~
0.43 0.35 | 090 10.030]0.030| 2.00 | 1.00 0.30

SNCM439

Remark 1. Cu should not exceed 0.30% as impurities.

Table 3.2 Mechanical properties of SNCM439

_ hardness | impact
tensile test

test test
Symbol of yield point .

] tensile

Kkind or yield elongation | (HB) HS| 20C, 5U
stress

stress % HR J
N/ wome®
N/ s
SNCM439 [ Min. 835 800~950 Min. 16 | 235~295| Min. 27
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Internal thread

0.708333H
0.083333H
’ 0.166667TH 0.25H |
~ 0.25P u | D
P
DI
External thread
Here, contact height(H) = 3.248 mm, out dia.(D) = 120 mm

effective dia.(D1) = 113.505 mm cave dia.(D2) = 116.103 mm

Fig. 3.3 Specification of M120 x 6 screw
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