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Advanced Ceramic Matrix Composites

Abstract

Ultrasonic C-scans have successfully been used to investigate damage from
notches and holes in Nextel610/Aluminosilicate (N610/AS) during tensile and fatigue
loading conditions.  Sectioned fatigue specimens verified that the region of
distributed matrix damage and longitudinal fiber breakage correlated well with the C-
scan damage zone at 23°C. At 950°C the C-scan data showed that the damage
zone was confined to the notch plane where damage was primarily due to self
similar crack growth. Sectioned samples verified that longitudinal fiber breaks were
predominant in the vicinity of the matrix crack. The results from these tests are
being employed to develop damage and failure criteria for N610/AS and other
woven CMC.

Objectives

The primary objective of this effort is to characterize the evolution of tensile,
creep and fatigue damage in ceramic matrix composites (CMC) using
nondestructive evaluation (NDE) techniques. The NDE measurements will also be
correlated to results from conventional extensometry and damage/crack growth
characterized using optical techniques.

Status of Effort

Ms. Victoria Kramb continued the investigation of damage progression from
edge notches and center holes in a woven oxide/oxide, N610/AS, CMC system
using ultrasonic C-scans. Specimens were C-scanned prior to testing and during
" interrupted fracture and fatigue crack growth (FCG) tests. Tests were conducted at
23 and 950°C. Interrupted FCG tests of edge notched specimens, showed that
progressive damage, indicated by increasing crack mouth opening displacement
(CMOD) and destructive evaluation, correlated with the ultrasonic C-scans. Fatigue
cycling at an applied stress = 41 MPa at 23°C resulted in crack arrest. C-scans,
taken during test interruption, showed no increase in the ultrasonic attenuation from
the pretest condition. Cycling at applied stresses of 93 MPa at 23°C resulted in
progressive damage as indicated in the C-scans that exhibited an increase in
attenuation. At 23°C, damage was identified on sectioned specimens as distributed
matrix cracking and longitudinal fiber breakage (Fig. 1a). The observed longitudinal
fiber breaks were infrequent and widely distributed; however matrix degradation
within transverse fiber tows was extensive. The size of the C-scan damage zone
correlated well with the extent of matrix damage observed on the polished sections.
At 950°C, progressive damage leading to eventual failure occurred for cycling at an




applied stress = 41 MPa. A change in damage mode to self similar crack growth was
observed at 950°C (Fig. 1b). The change in damage mode was reflected in the C-
scans by a damage zone which was more confined to the notch plane than at 23°C.
Sectioned specimens showed that longitudinal fiber breakage occurred along the
entire matrix crack length. Extensive matrix cracking was observed only in the
vicinity of broken longitudinal fibers. At 950°C, the C-scan damage zone was longer
than the measured crack length. At both temperatures, the size of the C-scan
damage zone was larger than that indicated by the exposed longitudinal fiber lengths
on fracture surfaces.

notch

(b)

Figure 1. Ultrasonic C-scans of edge notched fatigue cycled specimens and
- corresponding damage near the notch tip (a) 23°C, 500,000 cycles
at 93 MPa (b) 950°C, 1,347,668 cycles at 41 MPa.

Accomplishments/New Findings

Research highlights and their significance to the field

Ultrasonic C-scans were used effectively to monitor damage progression from
notches and holes in N610/AS subjected to tensile and cyclic loading conditions. The
observed change in damage mode with temperature was cormrelated to changes in
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ultrasonic attenuation at the notch tip. Under cyclic loading conditions, maximum
applied loads that resulted in no progressive damage at room temperature resulted in
fiber breakage and failure at 950°C. The C-scans reflected the change in damage
mode. At 23°C, distributed matrix cracking resulted in a large damage zone, which
was monitored using C-scans. Self similar crack growth at 950°C, resulted in failure at
significantly lower stress levels than at 23°C. C-scans, of interrupted test specimens,
were shown to be an effective method for monitoring crack growth under cyclic
loading. The extent of damage above and below the crack plane was indicated during
testing from C-scans and thus, measured stress redistribution around the notch tip.
Comparison of the C-scan indicated damage zone with the damage zone size
predicted using various failure models are being used in the development of a relevant
failure criteria for N610/AS and other CMC systems.
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