
By acceptance o' !*>'• a'ticie. in«

ih« U.S. Government* fight 10
retain a nonexcluuwe, royalty-trw
license m jnd to «ny eopytght
cowering the article.

/Lol- " '?

COHF-84 111 04—1

DE85 001550

A DIRECT COMPARISON OF UNLOADING COMPLIANCE AND POTENTIAL
DROP TECHNIQUES IN ./-INTEGRAL TESTING

J. J. McGowan and R. K. Nanstad

ABSTRACT

Single-specimen ./-integral testing is performed commonly with the unloading compliance technique. Use
of modern instrumentation techniques and powerful desktop computers have made this technique a standard.
However, this testing technique is slow and tedious, with the loading rate fixed at a slow quasi-static rate.
For these reasons the dc potential drop technique was investigated for crack length, measurement during a
./-integral test. For direct comparison, both unloading compliance and potential drop were used simultaneously
during a ./-integral test. The results showed good agreement between the techniques. However, the potential
drop technique showed an offset in crack length due to plastic blunting processes. Taking this oflset into
account, Jjc values calculated by both techniques compared well.

INTRODUCTION

The unloading compliance (UC) technique is routinely used to determine ./-integral resistance carves from
a single specimen. The UC technique determines the amount of crack growth by using small unloadings (<15% of
maximum load) conducted at regular intervals throughout the test. The load-versus-displacement slope during
this elastic unloading is then used to calculate the crack length from compliance relationships. Through use
of modern signal conditioning units and sensitive analog-to-digital converters, the UC technique has been
successfully married to a desktop computer. The union has resulted In a system for performing accurate
./-integral resistance curve tests with a crack length resolution of 0.03 mm. However, due to the many
unloadings required, these tests require 30 to 40 mln, and the loading rate is limited to low values. Also,
the UC technique tends to reflect the crack length on the outside of the specimen instead of the mean value.
For these reasons the dc potential drop (PD) technique was investigated for use in ./-integral testing. This
technique can give Instantaneous readings of crack length without regard to loading rate. Recent developments
in microvolt dc amplifiers and high-current dc power supplies make the PD technique an attractive alternative
to the UC technique. A direct comparison of the two crack length measurement systems was required to compare
advantages, disadvantages, and idiosyncrasies. This paper describes the dc potential drop calibration, the
desktop computer test control system, and a direct comparison of the UC and PD techniques for crack length
measurement as applied to a (/-integral test.

dc POTENTIAL DROP CALIBRATION

For accurate determination of crack length by the PD method, an accurate calibration is essential.
Several calibrations exist in the literature [1—3] for various fracture mechanics specimens. However, there
are no calibrations of sufficient accuracy for the complex Jj0 specimen modified for load-line displacement.
Three separate calibrations were performed: two experimental and one numerical. The current input and
voltage probe locations are shown in Fig. 1. Note that both active and reference probes were used. The probe
locations were selected for maximum output and minimum sensitivity to errors in probe location. The current
Input location was selected for maximum output. The ADINAT finite-element program, with eight-node
rectangular isoparametric elements, was used to perform the numerical calibration. The finite-element grid,
shown in Fig. 1, utilized 85 elements and 299 nodes. Two experimental calibrations were performed:
(1) 0.7-mm-thick type 304L stainless steel sheet model and (2) 0.03-ma-thlck aluminum sheet model. Each
model was precisely machined to the planar dimensions of a 50.8-mm-thick «/jc specimen. Current was applied
to the models, and the dc potential was measured at the desired locations for each crack length selected.
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The results of the three models are shown in Fig, 2. Note that the results are presented as a ratio of
dc potentials. Thin ratio is a property only of the geometry and does not depend upon input current or
resistivity. The agreement among the three models is quite good, with a difference in a/a of 1% for
0.5 < a/u < 0.9.

DESKTOP COMPUTER TESTING SYSTEM

The system for performing cA-integral resistance curve tests by the UC technique utilized a Hewlett-
Packard (???) 9836 desktop computer, a custom-designed interface, and a standard KTS 800 testing system. To
this existing system, the following components were added for the PD method: a 90-A dc power supply, two
high-gain microvolt amplifiers, two HP-3478A 5 l/2~digit digital voltmeters, and a 12-bit digital-to-analog
converter. The desktop computer controls the test by clip gage displacement and unloads the specimen
automatically through the custom interface (consisting of two 16-bit analog-to-digital converters and a
digitally programmed analog ramp generator). The computer also controls the power supply to optimize the
dc potential output. The dc power supply is cycled off and on to permit correction for any thermal voltage
from the dc potential probes. A schematic of the computer testing system is shown in Fig. 3. The computer
testing system controls the test, provides printed and graphical output during the test, and records data on
disk for future analysis.

DIRECT COMPARISON OF UNLOADING COMPLIANCE AND POTENTIAL DROP TECHNIQUES

To compare the two crack langth measurement systems, a standard single-specimeu unloading compliance
^-integral test [4] was performed. The material chemistry was nominally ASTM A-508 forging steel but was heat
treated to a 740-MPa room-temperature ultimate tensile strength. A standard 25.4-mm Jr0 specimen was used
with side grooves of depth equal to 10J of specimen thickness (20% total). The test was performed at 104°C at
a load-line displacement rate of 0.2 mm/rain. The trace of load versus load-line displacement is shown in
Fig. 4. At regular intervals the specii'.jn was unloaded 152 to determine the crack length by the UC method.
The crack length was also determined continuously by the PD method. A comparison of the (/-resistance curves
is shown in Fig. 5. The ./-integral was calculated by the modified-Ernst method [5]. The PD crack length used
in this figure was the value measured Immediately before the unloading. The figure shows a positive offset in
the PD crack length at the beginning of the test. The reason for this offset is the sensitivity of the PD
technique to local crack tip changes in resistivity and geometry prior to initiation of crack extension, a
direct result of plastic blunting. This blunting behavior is illustrated in Fig. 6, which shows the three
stages of crack growth. This behavior has been reported previously by others, e.g., Hilkowski and Maxey [6].
This offset, however, can be calculated easily through the power law J^a procedure [7J. In this procedure, a
curve fit Aa « C + AJB is determined by nonlinear regression techniques for all J-ha pairs up to the 1.5-mo-
offset line (as shown in Fig. 7). The value of C is then used to offset the PD crack length values. The
resulting J x0 (power law method) for the PD technique (158.4 kj/m

2) is quite close to J xc (power law method)
value for the UC technique (124.1 kj/m2); this represents a difference of 16Z, within the characteristic
variance for this parameter. The good agreement between Jja values obtained by ASTM E813 and the power law
method is not affected by the use of the PD technique.

CONCLUSIONS

A desktop computer-controlled testing syjtem, developed for unloading compliance ^-integral testing, has
been modified to also use dc potential drop techniques for crack length measurement. The results of a test
using both methods indicate that either method of crack length measurement can be used with equal confidence.
However, the offset in potential drop measured crack length must be determined and eliminated before Jja
calculations are performed.
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Fig. 1. j£C specimen geometry and probe location.
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Fig. 2. Results of calibration models.
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Fig. 3. Schematic of desktop computer control system.
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Fig. 4. Load-versus-displacement trace for Jja test.
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Fig. 5. Comparison of (/-resistance curves for the
unloading compliance and potential drop techniques.
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Fig. 6. Trace of load-line displacement versus crack
extension for potential drop technique (note that the traces
during unloading have been omitted for clarity).
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