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57 ABSTRACT 
A novel loading probe for fiber-matrix testing machines 
is made of diamond and has a truncated cone end for 
push-in and push-out tests of fibers in a fiber-matrix 
composite. The diameter of the probe body or shaft is 
greater than the diameter of the fiber to be pushed and 
the flat surface where the cone is truncated is at least 
one-half the diameter of the fiber. The included angle of 
the truncated cone is in the range of 55 to 90. A useful 
compromise included angle is 70. 

2 Claims, 2 Drawing Sheets 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more specific information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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FLAT END DAMOND LOAONG PROBE FOR 
FBER PUSH-OUT APPARATUS 

RIGHTS OF THE GOVERNMENT 
The invention described herein may be manufactured 

and used by or for the Government of the United States 
for all governmental purposes without the payment of 
any royalty. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to testing 
machines for fiber-matrix composite materials, and 
more particularly to loading probes for fiber-matrix 
testing machines. 

Fiber push-in and push-out has been used to measure 
interface properties in ceramic and metal matrix com 
posites since the early 1980's. Interface properties are 
important for a variety of reasons. For example, as part 
of means for preventing crack propagation, some slid 
ing may deliberately be allowed to occur at the inter 
face between the fibers and the matrix in ceramic and 
metal matrix composites. Testing apparatus is required 
to measure the adhesion between the fibers and the 
matrix surrounding them to determine the effectiveness 
of various coatings and treatments for varying interface 
properties. Push-out type apparatus use a loading probe 
or probes to push on single or multiple fibers imbedded 
in a sectioned fiber-matrix composite. Variously placed 
sensors measure the displacements and forces on the 
probes and fiber-matrix test sample. A number of ana 
lytical approaches have been proposed in the past for 
analyzing the sensor data to derive interface properties, 
one of the most rigorous of which to date is the model 
of R. J. Kerans and T. A. Parthasarathy described in 
their paper, "Theoretical Analysis of the Fiber Pull-out 
and Push-out Tests,” J. Am. Ceram. Soc., 747, p 
1585-1596 (1991), which is incorporated by reference. 
Because there are no commercial push-out apparatus 

available, each unit is unique and customized for the 
particular type of composite being examined. Tested 
fibers run from relatively large monofilaments (> 100 
microns diameter) which are used in metal matrix and 
some ceramic matrix composites, to smaller textile 
(<25 microns) diameter fibers which are preferred for 
ceramic matrix composites. Textile fibers are fibers 
small and flexible enough to be woven into cloth. Large 
monofilaments are relatively stiff and generally cannot 
be woven. 
The first probes used as push-out apparatus probes 

were standard diamond pyramid indenters, such as the 
well-known Vickers indenter commonly used in micro 
hardness testers. They were used because they were 
available. The Vickers indenter is a four sided pyramid. 
Also occasionally used was the related Burkovick in 
denter which is a three sided pyramid. Unfortunately, 
because those indenters are sharply pointed, they plasti 
cally deform the ends of fibers. They also commonly 
crack and chip the pushed fiber. Further, the geometry 
of those indenters results in a substantial portion of the 
applied load acting perpendicular to the axis of the 
fiber. Finally, the shape of those indenters severely 
limited the maximum allowable fiber displacement that 
could be achieved. These problems made it virtually 
impossible to derive reliable quantitative information 
from a push-out test. 

After four or five years, the limitations of the early 
indenters were realized and researchers began to look 
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for alternatives. Eventually, flat-ended cylindrical tung 
sten carbide probes came into common use. These 
probes are a standard commercial item for other uses 
and are commonly available, including in the small sizes 
necessary to push textile diameter fibers. Unfortunately, 
cylindrical tungsten carbine probes are not very strong, 
particularly at the very small diameters needed to push 
textile fibers. Even at the larger sizes for monofilament 
fibers, cylindrical tungsten carbide probes are not 
strong enough to perform push-out tests at the high 
loads required to test some of the metal matrix compos 
ites. The loads required to push-out large monofilament 
fibers from a metal matrix are so high that prior art 
fiber-matrix testing machines have had to use very thin 
test sections to sufficiently reduce the loads so that the 
prior art probes would not break. With such thinly 
sectioned test samples, the results of those push-out tests 
are very unreliable. 

It is seen, therefore, that there is a need for probes for 
fiber push-out testers that are sufficiently strong at small 
diameters to perform push-out tests for small diameter 
textile fibers and sufficiently strong at larger diameters 
to push-out large monofilament fibers from sectioned 
metal matrix composites sufficiently thick so that reli 
able test results can be obtained, all without damaging 
the fibers or otherwise introducing errors into the tests. 

It is, therefore, a principal object of the present inven 
tion to provide a new and stronger probe for fiber push 
out testers that is strong enough to perform reliable 
push-in and push-out tests not possible with prior art 
probes. 

It is a feature of the present invention that it is simple 
and straightforward to use. 

It is an advantage of the present invention that it 
produces more reliable test results by minimizing dam 
age to the fibers being pushed. 
These and other objects, features and advantages of 

the present invention will become apparent as the de 
scription of certain representative embodiments pro 
ceeds. 

SUMMARY OF THE INVENTION 

The present invention provides a diamond truncated 
conical loading probe for fiber push-in and push-out 
tests. The unique discovery of the present invention is 
that only a truncated conical diamond loading probe, 
having precise dimensions including a body diameter 
greater than the diameter of the fiber being tested, a 
diameter at the truncated pushing surface of at least 
one-half the fiber diameter and an included angle in the 
range of 55 to 90, will be able to push fibers far enough 
to be useful and at the same time have sufficient strength 
to perform push-in and push-out tests on fiber-matrix 
composites for both small diameter textile fibers and 
larger diameter monofilament fibers in a metal matrix. 

Accordingly, the present invention is directed to a 
loading probe for a fiber push-out apparatus, compris 
ing a diamond probe body having an end in the shape of 
a truncated cone, wherein the diameter of the probe 
body is greater than the diameter of the fiber to be 
pushed, wherein the diameter of the flat surface where 
the cone is truncated is at least one-half the diameter of 
the fiber to be pushed, and wherein the included angle 
of the truncated cone is in the range of 55 to 90. 
The present invention is also directed to a method for 

performing a fiber push-out test on a fiber inside a fiber 
matrix composite, comprising the steps of providing a 
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diamond probe body having an end in the shape of a 
truncated cone, wherein the diameter of the probe body 
is greater than the diameter of the fiber, wherein the 
diameter of the flat surface where the cone is truncated 
is at least one-half the diameter of the fiber, and wherein 
the included angle of the truncated cone is in the range 
of 55 to 90, and pushing the fiber with the flat surface 
where the cone is truncated. 

DESCRIPTION OF THE DRAWINGS 

The present invention will be more clearly under 
stood from a reading of the following detailed descrip 
tion in conjunction with the accompanying drawings 
wherein: 
FIG. 1 is a front view of a typical push-out test appa 

ratus showing the positioning of a loading probe ac 
cording to the present invention and a sectioned fiber 
matrix composite test sample; 
FIG. 2 is a side view of another push-out test appara 

tus; 
FIG. 3 is a front view of a prior art tungsten carbide 

cylinder probe; and, 
FIG. 4 is a front view of a truncated diamond cone 

probe according to the present invention. 
DETAILED DESCRIPTION 

Referring now to FIG. 1, there is shown a front view 
of a typical push-out test apparatus 10 showing the 
positioning of a loading probe 12 according to the pres 
ent invention and a sectioned fiber-matrix composite 
test sample, or specimen, 14. Push-out test apparatus 10 
is typically used for testing larger fibers. 

Push-out test apparatus 10 rests on an X-Y stage 18 
which in turn sits on top of a slider 20. Test specimen 14 
is held in place on top of a holder 22 mounted to X-Y 
table 18 by a clamp 24. A transducer, or acoustic emis 
sion sensor, 26 is mounted inside holder 22 to measure 
the acoustic response of the sample. For example, a 
sharp acoustic-emission spike will generally occur at the 
moment of debonding of a fiber 28 from its surrounding 
matrix. Loading probe 12 comprises a small diamond 
piece 32 mounted onto a stainless steel rod 33. Loading 
probe 12 is mounted to a holder 30 which is in turn 
mounted to a load cell 34 for recording the forces 
placed on loading probe 12. Load cell 34 mounts on a 
crosshead 36. Holder 30 includes an extension 38, the 
displacement of which, and the corresponding displace 
ment of loading probe 12, is measured by a capacitance 
extensometer 40. A video camera 42 records the 
progress of any tests. 

FIG. 2 is a side view of another push-out test appara 
tus 52 showing a microscope 16 used for positioning 
fibers under the probe. Push-out test apparatus 52 is 
generally used for testing smaller fibers. 

FIG. 3 is a front view of a prior art tungsten carbide 
cylindrical probe 44. As described in the Background of 
the Invention, cylindrical tungsten carbine probes are 
not very strong, particularly at the very small diameters 
needed to push textile fibers. And, as described, they are 
not strong enough to perform push-out tests at the high 
loads required to test some of the metal matrix compos 
ites. 

FIG. 4 is a front view of a truncated diamond cone 
probe 46 according to the present invention along with 
a representative section of a fiber 48 inside a matrix 50. 
The included angle 8 of probe 46 is in a range of 55° to 
90. As shown in FIG. 4, the diameter of probe 46 is 
greater than that of the fiber 48 to be pushed, and the 

4. 
diameter of the flat surface where the cone is truncated 
and which contacts the end of fiber 48 is at least one 
half the diameter of fiber 48. Making the diameter of the 
body of probe 46 greater than the diameter of the fiber 
to be pushed provides, along with the inherent strength 
of the diamond probe material, the necessary strength 
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for pushing the fibers without the probe breaking. Mak 
ing the diameter of the flat surface where the cone is 
truncated at least one-half the diameter of the fiber to be 
pushed is so that the probe does not damage the fiber 
and to preserve the validity of the test results. 

It would seem, as has been shown by the most recent 
prior art tungsten carbide probes, that a cylinder just 
slightly thinner than the fiber to be pushed would be the 
preferred width and shape for a probe so that the probe 
can push a fiber a maximum distance through a fiber 
matrix composite specimen. The problem is that, as 
previously described, such cylindrical probes are sim 
ply not strong enough. The diameter of the probe, even 
when made with material as strong as diamond, must 
still be greater than that of the fiber in order to have 
sufficient strength. As can be seen in FIG. 4, the in 
cluded angle then becomes critical to how far the probe 
can push the fiber before contacting the surface of the 
matrix material. The included angle must first be less 
than 90 so that the probe can be inserted a sufficient 
distance to produce valid test results. The smaller the 
included angle, the desirably greater distance the fiber 
can be pushed. The limiting factor is that smaller in 
cluded angles result in cone cross sections too small to 
have sufficient strength. 
Through a series of tests, it has been discovered that 

the described range of dimensions for a diamond probe 
provide the only known range of dimensions that reli 
ably work without breakage, without damaging the 
fiber and produce reliable valid test results. The test 
included a variety of diamond probes and probe dimen 
sions, including a probe with a 70 included angle and a 
10 micron flat pushing surface, the probe mounted to a 
3 mm stainless steel rod 40 mm long, and a probe with 
a 55 included angle and a 95 micron flat pushing sur 
face, the probe mounted to a 3 mm stainless steel rod 40 
mm long. The first probe was used to push Nicaion TM 
fibers from BMAS glass-ceramic matrices using loads of 
up to about 250 grams. The second probe was used to 
push SCS-6 TM SiC fibers from a Ti-24A1-11Nb matrix 
using loads up to about 15 Kg. Included angles of about 
70 have thus far worked well as a suitable compromise 
between strength and maximum fiber pushing distance. 
Below included angles of 55' , test probes generally 
broke. While further experiments with diamond probes 
more carefully selected for lack of imperfections and 
more carefully ground to included angles of less than 
55 (the natural cleavage angle of a diamond probe is 
120), particularly for larger probes used for pushing 
larger fibers, may later be discovered to work, and thus 
allow greater push distances, it has thus far been discov 
ered that this is the practical limit for successful tests. 
The disclosed diamond truncated conical diamond 

loading probe successfully demonstrates the use of a 
carefully shaped and dimensioned part for providing 
both the necessary strength and fit to successfully per 
form fiber push-out and push-in tests. Though the dis 
closed use is specialized, it will find application in other 
areas where parts sized small enough to fit their applica 
tion are too fragile to perform. 

It is understood that certain modifications to the in 
vention as described may be made, as might occur to 
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one with skill in the field of the invention, within the 
intended scope of the claims. Therefore, all embodi 
ments contemplated have not been shown in complete 

6 
eter of the fiber to be pushed, and wherein the included 
angle of the truncated cone is in the range of 55 to 90. 

2. A method for performing a fiber push-out test on a 
fiber inside a fiber-matrix composite, comprising the 

detail. Other embodiments may be developed without 5 steps of: 
departing from the spirit of the invention or from the 
scope of the claims. 

I claim: 
1. A loading probe for a fiber push-out apparatus, 

comprising a diamond probe body having an end in the 
shape of a truncated cone, wherein the diameter of the 
probe body is greater than the diameter of the fiber to 
be pushed, wherein the diameter of the flat surface 
where the cone is truncated is at least one-half the diam 
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(a) providing a diamond probe body having an end in 
the shape of a truncated cone, wherein the diame 
ter of the probe body is greater than the diameter 
of the fiber, wherein the diameter of the flat surface 
where the cone is truncated is at least one-half the 
diameter of the fiber, and wherein the included 
angle of the truncated cone is in the range of 55° to 
90; and, 

(b) pushing the fiber with the flat surface where the 
cone is truncated. 
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