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CRACKING OF LARGE-SIZE MACHINE ELEMENTS

M. Maziarz*

The paper presented deals with estimation of ser-
vice life of large-size machine elements with casting
defects or fatigue cracks. This estimation is based
on fracture mechanics theory.

The number of load cycles till fracture of rings
with casting defects (wormholes - Figure 1) has been
determined and a good agreement with service (practi-
cal) data was obtained. In the case of mill stand
housing with discovered cracks (Figure 2) the pre-
dicted rolling time and failure probability were de-
termined by rolling with an overloading of 50 % i.e.
on the level of initiation stress Oi. Based on Paris
law the number of cycles till fracture of the loading
ring of a cast steel L356 cement furnace and loaded by
reaction forces 2 Q = 2 x 3,04MN can be calculated:

N - ik 11
f (m=-2). c.A6™, ,",m/z.Mkm m;Z m - 2
8 ay

Average values for this case are:
Q= 1.65; m=3.50; C = 5.191 x 107}
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The calculated number of cycles till the second crack
developed from the original 2 a  x 2¢c, = 7.23 mm size

to the critical defect size a = 89 mm (Figure 1) is:

Ne = 1.776 ° 107 cycles. The ring has been in service
till the second,crack resulted fracture after
N, = 1.678 . 10’ cycles. The asymmetric factor was:

R =G . /G, = - 2.73.

min

In the case of housings made of cast steel L 35II
and loaded by forces F = 30 MN and F, = 0.423 MN
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(Figure 2) the stresses and the related mechanical
properties are as follows:

NG'= @'max - Gmin = 52.5 MPa - stress range,

Gi= %j—= 82.6 Mpa - local stress at the notch
Kk tip with a radius of
f: 100 mm,
& = 2.1 - equivalent shape factor,
Zé = 172 MPa - mean value of fatigue li-
mit,
S, = y 5 ® Ez = 17.2 MPa - fatigue limit standard de-
z viation
%3 =.Qy‘cyi = 8.4 MPa - stress standard deviation,
i
‘\z ) \%3 = 0,08 - 0.12 - corresponding variability
coefficient

Ry = 500 -550 Mpa, R_ = 280 MPa, K; = 40 MPa Im
C

The critical length of the crack was estimated
taking into account a correction for plasticity:
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Depth of the maximum crack observed after 12 years in
service was a, ¥ 30 mm. Expected number of cycles till

catastrophic fracture with the determined factors:

= 3.65; C = 1.827 . 10715,
= 1.3; Mk = 1,0 would be:

@ 3

NF = 3.846 . 106 cycles.

The mill housing is working in three shifts.at pulsat-
ing load /R = 0/ N, =/0.83 + 1.27/.10° per year
depending on rolling profess. Predicted rolling time
is:
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Ne

T =

= 4,6 - 3.1 years.
N
e
Probability of fatigue fracture of the mill housing
may be calculated from the fatigue strength and the
acting stresses assuming normal distribution.

u 2.46
-0 5<—2 ") P =107 - 107°
g LPw = -
where: _ E?
zZ_ - §
U gt 2 > u =5 —6 - quantile of normal
2 w istribution
S, + S

2, %,

P=1.89.10° ) p =107 107°

For the case presented the probability of fatigue
fracture of the mill housing is higher then the ad-
missible one for objects of this type.
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Figure 1. Casting defects and cracks in the ring.
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Figure 2., Location of cracks.
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