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THE EFFECT OF FREQUENCY ON CYCLIC CRACK GROWTH IN
200 MARAGING STEEL IN A SALT WATER ENVIRONMENT

R. Eisenstadt* and D. L. Smail**

INTRODUCTION

The rotating beam understressing technique [1] for generating crack propa-
gation data was used to show that a specimen of 200 maraging steel in a
salt water environment shows a factor of 10 increase in crack growth rate
at a frequency of 3.3 Hz (200 rpm) compared to 0.017 Hz (1 rpm). The ro-
tating beam understressing technique has been shown to be quire reliable
and inexpensive. As the crack grows in the beam, the uncracked area
decreases and for a given moment, the stress intensity factor increases.
The stress intensity factor will increase to a maximum value at which time
the material will fracture. This maximum stress intensity factor is a
property of the material. Crack growth rate is also a function of the
stress intensity value [3].

EQUIPMENT AND PROCEDURE

The large rotating bending machine, located at Union College and used in
these experiments, is a converted lathe. The specimens are 25.4 mm in
diameter and approximately 0.127 m long. The specimen has a circumferential
groove machined around the centre. The groove is 60-deg., 1.27 mm deep

with a root radius of less than 0.025 mm.

The load beam is a 1.27 m long hollow pipe with an enlarged end which has
0.05 m opening. The specimen and collet is held in this opening of the
load beam by tightening the lock nut at the end of a 15.9 mm diameter draw
rod, which is threaded into one end of the specimen. A large bearing is
attached at the load end of the specimen and another at the end of the

load beam opposite the specimen. From this bearing the load is hung. A
short draw rod is threaded into the opposite end of the specimen and is
used to tighten the specimen and collet into the drive unit, A microswitch
mounted on the drive unit provides a record of the number of stress cycles.
Variable speeds are obtained by changing the size and number of pulleys in
the drive train.

To provide a corrosive environment, the specimens were mounted in a salt
water box. The specimen is inserted through holes in the side of the box
and sealed with 0-rings and rubber bands. A 4% salt water solution was
pumped in through a hole in the top of the salt water box and drained out
through a hole in the bottom. The specimen is kept immersed during the
entire test by balancing the flows into and out of the box,

* Union College, Schenectady, New York, U. S, A,
** Knolls Atomic Power Laboratory, General [Llectric, Schenectady, New York,
Us Ss AL?

911 MS52




fracture 1977, Volume 2

occurs during aging.
high strength. The four major requirements for a "perfect alloy" are
strength, ductility, fabricability and corrosion resistance. Of these,

200 maraging steel lacks only corrosion resistance, especially when used
in sea-water environments [4]. The material has the following composition:
18% Ni, 3.2% Mo, 0.2% Ti, 0.19% Al, 0.03% max. C, 8.5% Co, and the balance
Fes

200 maraging steel has an ultimate tensilt strength of 1372 MPa, a 13% elonga-

tion, a 60% reduction in area and a 0.2% yield strength of 1289 Mpa. The
test material was aged for 3 hours at 755 K.

The method used to obtain crack propagation data is known as the interrupted
stressing technique [1]. After a known number of Stress cycles, the bending
moment on the specimen is decreased. If this decreased bending moment is
low enough and the specimen is rotated long enough, a fine dark ring will

be left on the broken specimen that will locate the tip of the crack. The
crack propagation is then continued with the original bending moment. The
lower moment (minor load), approximately 0.5 to 0.6 of the major load is
selected so that the crack pPropagation rate is negligible but results in a
clear mark.

several trial specimens. If for a given speed and bending moment the
number of stress cycles to failure was estimated to be 20,000 cycles, the
fatigue test was interrupted at 10,000, 14,000, 16,000, 18,000, 19,000,
and 20, 000 cycles. At each of these interruptions, the major load was
removed and the minor load was put on and run for 1,000 to 6,000 cycles.
After the minor load had been Tun, the major load would be put back on the
load beam and the specimen was run until the next scheduled interruption
in the stress test. This was repeated until the specimen failed,

Figure 1 shows a specimen after it had failed. Note that the ring indicating
the crack location can be seen clearly, Although the rings are eccentric,
crack propagation data can be obtained successfully from the Specimen by

the use of the techniques described in the next section.

DATA ANALYSIS

The method used in comparing crack propagation data is to plot the crack
growth rate versus the stress intensity factor. The following discussion
gives the method used to obtain these values,

After the specimen is broken, the rings on the specimen locate the crack
depth after a known number of stress cycles. The crack depth can be
measured by severa] means. For these experiments, a Baush and Laumb

i A line is scribed on

o a particular ring on either side of the fracture are measured as shown
‘i The average crack depth

a = lay+ay) /2, 21%3,+2r = D where r is the radius of the uncracked material
and D is the Outside diameter of the specimen. The radius r can be deter-
mined from the following €équation:
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whether the crack growth rates were of the correct order, a scatter band
of results obtained by Barsom et a] [8] for crack growth in air ip Hy 80,
130, 10 and 12 Cr steels was superimposed on the results as shown on
Figure 4, It appears that the results in air apg in room temperature sajt
water at 3.3 y, fall within the band. Further agreement was obtained from
reference [6] for 12 Cr steel at 10 Hz in both ajr and 20°C salt water as
shown on Figure 5,

CONCLUSIONS

22 to 110 Mpa, g2 is about 10 to ] for speeds of 0.017 Hz (] rpm) to 3.3
Hz (200 Tpm) in 200 maraging steel in a 4% salt water solution at room
temperature for the same stress intensity range.

3) The crack growth rate more than triples as frequency is reduced
from 0. 044 Hz (2.64 Tpm) to 0.017 Hz (1.0 rpm),
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Comparison of Current Data with that of Crooker and Lange [7]
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