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FATIGUE CRACK PROPAGATION RATE OF ZG35 STEEL
WITH SEMI-ELLIPTICAL SURFACE CRACK®
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ABSTRACT On a bowl body the occurrence frequency of surface crack which affectd the safety of
the centrifuge has been evaluated scientifically. The growth rate of surface crack on the centrifuge bowl
body (ZG35) has been determined, and the results of the experiment have been specifically analysed.
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1 INTRODUCTION

Because of the 3D characteristic of the
surface cracks, a comparatively accurate
stress-intensity factor equation is lacking.
Thus it brings about difficulty to the study of
surface crack growth rate. In 1981, Newman
and Raju put forward a universally acknowl-
eged and comparatively accurate stress intensi-
ty factor equation on basis of a large amount
of 3D finite-element calculations?,
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Being the second kind of complete ellipti-
cal integral, there is the empirical formula:

Q=1+1. 464(%)1-“, (a/e < 1)

Equation (1) has been adopted by many
defect evaluation standards home and abroad.
Thus, with the aid of equation (1), suppose
Paris relationship tenable, the crack growth
rate at points A and B at the crack front (see
Fig. 1) can be determined through experi-
ment ;

da/dN = C,AK?s (2)
dc/dN = CzAK7 3
where AK, and AKjy are the stress intensity

factor ranges of Points A and B.
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Fig. 1 Surface crack in a plate

According to a few results of experiment,
Newman and some others imposed many re-
strictions on the constants in equation(2) and
equation(3), i.e.

nga=mng=n 4

Cs =0.9C, 5
which have been adopted by many authors. In
our opinion, because of the complication of
the surface crack growth rate, the growth
rates at point A and B are completely differ-
ent, at the same time, equation(4) and equa-
tion (5) drawn from a few experimental results
are not enough to show the universality.
Therefore they should not turn to be the
premise of our experimental study.

2 EXPERIMENT

2.1 Specimen

Cast a plate in the material (ZG35) identi-
cal to that of the centrifuge bowl body, after
quench and temper, then made it into a needed
size according to the state standard. The yield
stress of the material has been determined to
be 0, , =359. 2MPa, and its ultimate stress oy
=631. 18 MPa. Made some artificial cracks of
various sizes as crack starter with the electric-
discharge machine.

2.2 Experimental Equipment

The whole experiment was done under
the American Material Test System (MTS),
whose maximum load is 200 kN. Through re-
peated loading and unloading, the perfor-
mance proved to be steady and the work went
on smoothly. The maximun load, minimum
load and numbers of cyclic loading were auto-
matically displaied and recorded. An extra
computer system was needed in addition to the
whole experiment equipment.

2.3 Experimental Process

In the experiment, under the action of the
bend cyclicloading, certain numbers of cyclic
loading N; as well as the corresponding crack
length C, and crack depth a; were to be deter-
mined, while the accurate determination of the
crack depth was the key of the whole experi-
ment. Although many methods to determine
the crack depth have been put forward at pre-
sent, the method of lowering load marker is
still regarded as a simple and reliable method.
However, because the crack surface of ZG35
is rough, clear fatigue crack growth rate can-
not be obtained by general method of lowering
load marker. By trial and error, we have dis-
covered that after load-lowering eack time,
soaked the cotton yarn with water and made
the water be seeped into the newly cracked
surface till fracture, thus, clear crack growth
patterns could be shown, see Fig. 2. If some
small amount of salt was put in the water,
there would be an extraordinary effect.

Applying Pfpe = 0.53 05, + (WB/S) to
assess maximum load, maximum load should
increase a littlee when the crack grew too
slow. Using R = P fpue/ P min = 0. 1, when low-
ering load, average load maintained the same,
load range went down by 2/3, load circulated
10000~250 000 times.

2.4 Sorted Out of Data

Because, equation(1) is complicated, we
make use of equation(2) and (3), and process
data according to N,, C;, a, determined in the
experiment, then we have C,, ns, Cpand ns.
The work of numerical calcuiation is quite-
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great. By using least square method and liner
regression analysis, we worked out “The Sur-
face Crack Analysis System Program-SCAS”.
Input all the effective specimen data (C;, a,,
N;) determined through experiment, speci-
men parameter ( B, W) and load parameter
AP to the computer, finally we get:

ny, = 3.7177080

C,=0.2814501 X 10 *°

ny = 2.23697200

Cy = 0.2023086 X 10 °

The above results of values have some-
thing to do with the unit of load, but they do
not effect the expected result of the final fa-
tigue life. the load unit here is K.

3 RESULT ANALYSES

(1) According to the result of the experi-
ment, 74 = ny, while

Fig. 2 Clear crack growth patterns

0. 9"C, = 0,977 x 0,2814501 X 10~*
=0.1902341 X 107*
0.9%C, = 0.9%% X 0.2814501 X 107*
= 0.222353 X 10°°
if 7= (n44 ny)/2 = 2.977 34, then
0.9"Cs = 0.9%"7% X 0,2814501 X 107°
= 0.25668 X 107
So, equation(3) is unsatisfactory, while equa-
tion(4) is tenable for the most part.

(2) When the specimen thickness B =16
mm, after a certain amount of load circula-
tion, there appears instable growth, see Fig.
2. In the state of instable growth, the crack
depths a. of six effective specimens are as in

Table 1.

Table 1 The crack depths a. of
six effective specimens
number 1 2 3 4 5 6
Thickness B

/mm 19.8 20 17.8 17.2 18 20
Depth a,

Jmm 14.5 14 12.3 14.4 13 15

a. /B 0.732 0.7 0.69 0.84 0.72 0.75

So, practically, for the bowl body with crack-
ing under the action of alternating load in a
long period of time, the appearance of instable
growth of the crack is possible and cannot be
overlooked.

(3) It is neither scientific nor practical
that certain existing standards and technical
requirements about centrifuges deny any sur-
face cracks on bowl bodies of centrifuges. It is
demanded to lay out a more scientific “Stan-
dards for the Evaluatlon of Centrifuge Defect”
to make the design of the centrifuge laid on
the basis of modern science and technology.
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