


EXPERIMENT

To test the system, measurements were made on commercially
obtained latex. A disk of latex, nominally 4 mm in diameter by 0.075
mm thick, was inserted and patterned in the biaxial fixture, and
attached to the pressurizing system. All air was removed from the
biaxial fixture, and as much as possible from the tubes, bellows, and
pressure transducer. Because the pressures experienced by the
pulmonary artery are relatively low, the test pressures remained
correspondingly low. The latex sheet was pressurized in 690 Pa
increments, starting from 0 Pa up to 1.72 x 10* Pa. Images were
collected at each pressure increment from both cameras. Due to the
isotropic behavior of latex, camera 1 collected only one image, rather
than multiple images at various angles of rotation. For this experiment
only, as the latex is isotropic and the stretch ratio is <<2, it was
assumed that the deformation was spherical and could be determined
from the bubble height 4.

RESULTS

We measure only two variables: pressure, P, and the height of the
bubble, 4. From 4 and C,, the initial length across the sample (2.78
mm), we can calculate the radius of curvature of the bubble, », from
the geometry. The results of the measurements are shown on a plot of
true stress versus true strain in Figure 2, along with a curve showing
the expected result from the theory of large elastic deformations.
Using the strain energy function, the biaxial true stress is

o= (X =11,

where 4 = 3.21 x 10° Pa, based on a fit to the current data. The
standard deviation of the biaxial true stress about the model line is 5.8
x 10° Pa. The biaxial true strain is obtained from the biaxial stretch
using € = In(A).

The measurement data show no bias, as they are essentially
randomly scattered around the theoretical curve. The low value of
final strain, 13.2 %, at the highest pressure measured, 1.72 x 10* Pa, is
well within the elastic limit for latex [9]. This low strain value should
also preclude any hysteretic effects, which may be seen at these low,
and lower, pressures when testing tissue.

CONCLUSIONS

We used latex as a sample material to test the performance of a
new measurement system for studying the mechanical properties of
normotensive and hypertensive pulmonary arteries from rats. The test
has demonstrated the high accuracy and precision that are required for
testing the rat arteries. The system and the automation provided a
combined standard uncertainty of ~ 4 % in this measurement, and
simple modifications in the future will yield even higher accuracy.
The precise control and improved accuracy of the measurement should
enable reliable determination of anisotropy in addition to the
mechanical properties of arteries. The results of the latex test
demonstrate the validity of the test system.
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Figure 1. Schematic of the computer-controlled test
system.
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Figure 2. The stress-strain curve for the latex sample,
compared with the theory of large elastic deformation.
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