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ME DOMAIN REFLECTOMETRY (TDR) BASED METHOD FOR M
MODE | FRACTURE TOUGHNESS OF POLYMER COMPOSITES

A. Abu-Obaid (PD), L. Ren, S. Yarlagadda, and N. Hager (MSI)

Introduction
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thod in : with ASTM standard “D5528-94a".

In this test, the crack length propagation and the time at
which the crack propagation occurs are recorded using
optical techniques, usually with a traveling microscope.
The accuracy of optical techniques is limited by the
expertise of the technician. The current test method requires
the investment of significant time by the technician

There is a need for an automated system that can monitor
crack propagation during the DCB test and generate load-
crack propagation plots.

Objective

Develop a time domain reflectometry {TDR) based automated
test method for measuring Mode | fracture toughness (G} of
polymer composites.
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Time-Domain Reflectometry \
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= Time scales are fast, so reflections occurming at different
positions in the line are separated by time-of-fght, forming a
“closed-circuit radar”,

= The transmission lne is typically an electrically conductive
material such as copper wire or graphite fibers.

= Crack propagation during a DCB test can be measured using
this technique. In this method the time shift (Af) of the
electromagnetic signal (EM) due to the crack propagation is
monitored. At can be measured based on a reference signal

{when the applied load is zero). The crack length L, will be
simply taken as V*{At/2}, where V is the speed of the signal in
the sensor material (Figure 1).

0 1E.09  2E.00 3E-00 4E.00  SE.00  BE.09
Time (s}

[—Reference at Zero Load — At Crack length LC |

Figure 1: TDR signals at zero applied load to the specimen and
at a specific crack length LC
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DCB Demonstration
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< All the DCE. were perf ona
universal Instron machine using a cross-head
speed of 0.05 indmin (Figure 2).

= The crack propagation was measured using both
optical microscope and TDR technigue for
com parison.

DCB Experimental Set-Up \
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Figure 3: Load-displacement cunves for the DCB
specimens
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TDR-Records for Specimend##2 Data Reduction Methodology

For each sample the crack length was measured as follows:
The speed of the signal (V) was calcnlaied as:

Total Sensor length (Carbon Strip) (L) = V"AL72 )
The length of the specimen was equal to length of the sensor.

At any new crack propagation L the length of of the
specimen can be given as:

L= VAL 2 @
Hence, the crack propagation ength L,

Liypek = L= Lg {3)
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‘where P is the applied load, 5 is load point displacement,

Figure 5: TDR signals for DCB specimen #2. This figure shows a
signal shift on the time scalke from hmmm
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is the crack mmnbh-ﬂtdhm-;:
slope of the plot log C-og{lL.,,.) . where C is the compliance
and equals to &/P.

V=143x10" mis.

V=1.43x10" m/s.
Data Reduction \ / Fracture Toughness \
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Figure 7: The slope valmes were msed
in Equation {4) for calculating .

(Figure 6).
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