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A Study on the Ultrasonic Nondestructive Evaluation
‘of Carbon/Carbon Brake Disks

Kwang-Hee Im*, Hyunjo Jeong™* and In-Young Yang™**

ABSTRACT

It is desirable to perform nondestructive evaluation (NDE) to assess material properties and part
homogeneity for carbon/carbon (C/C) composites because the manufacturing of C/C brake disks
requires complicated and costly processes. In this work several ultrasonic techniques were applied
to carbon/carbon brake disks for the evaluation of spatial variaitions in material properties that are
attributable to the manufacturing process. In a carbon/carbon brake disk manufactured by a combi-
nation of pitch impregnation and CVI (chemical vapor infiltration method), the spatial variation of
ultrasonic velocity was measured and found to be consistent with the nonuniform densification
behavior in the manufacturing process. Low frequency (5 MHz) through-transmission scans based
on both amplitude and time-of-flight of the ultrasonic pulse were used for mapping out the materi-
al property inhomogeneity. These results were compared with those obtained by dry-coupling
ultrasonics. A good correlation was found between ultrasonic velocity and material density on a set
of small blocks cut out of the disk. Pulse-echo C-scans at higher frequency (25 MHz) were used to
image near-surface material property anomalies associated with certain steps in the manufacturing
process, such as the placement of spacers between disks during the final CVL
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Fig. 1. Schematic of carbon/carbon composite fabrication
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Fig. 2. Dimensions of the brake disk and location of the six
small cut-out pieces on top view of a C/C brake disk
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Fig. 3. Direction configuration for small cut-out piece from C/C
brake disk
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Fig. 4. Experimental setup for through-transmissidn scan mode
in immersion tank

Fig. 5. Dry-coupling transducers for ultrasonic velocity (12.7mm
india. 1MHz)
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Fig. 6. Velocity measurement method using dry-coupling trans-
ducers. The transducers are 12.7 mm in diameter with
an elasfomer face layer and have a center frequency of
1MHz
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1) Point measurements were made at 24 positions
on C/C composite brake disks using 1MHz dry-
coupling transducers.

2) Filled diamond points are near exposed edges
at the inner and outer diameters, and open diamond
points are away from exposed edges.

Velocity (mm/;s)

13 5 7 9 11 13 15 17 19 21 23
Positions

Fig. 12. Relationship between velocities and measurement
positions on C/C composite brake disk

Fig. 11. Positions for velocity measurement using dry-coupling
transducers
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Fig. 15. Image shows four circular anomalous regions due to the placement of tubular spacers between disks during CVI process.
Displayed is peak-peak amplitude of front echo. Scan area is 330 X330 mm
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