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A new ceramic composite cutting tool material (YST)*, based on a YAG (Y3Als05,) matrix, was developed for the improved
machining of titanium alloys. Reaction couple studies of the cutting tool material, as well as YAG single crystals, with
commercial grade titanium showed the formation of a thin passvating layer of Y,O3; next to the composite which is
exceptionally resistant to attack by titanium. The Y ST cutting tools developed in this study are eectrically conductive and were
easly machined using dectro-discharge machining. Microstructural analysis of fully dense Y ST, using optical, scanning, and
transmission electron microscopies, revealed the presence of three digtinct congtituent phases (YAG, SiC,, and TiC) with no
discernible reaction amongst the phases. The average four-point flexural strength of the Y ST was approximately 700 M Pa and
the fracture origins were identified as large TiC particles or TiC particle-agglomerates. Analysis of fracture toughness
measurements, based on the indentation induced controlled surface flaw/strength technique, showed a pronounced rising R-
curve behavior of YST. The SEM analyses showed clear evidence of SIC whisker pullouts and bridging, which support the
risng R-curve behavior of YST. Preliminary machining experiments using the Y ST cutting tool (not yet optimized) on Ti-6Al-
4V aloy showed similar machining characteristics as conventional cutting tool materials (e.g., cemented carbides). It is
suggested that process optimization will yield significantly improved cutting tools for titanium machining.
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Introduction reactivity with titanium. Also, only limited success has

been achieved in using coatings to minimize reactivity

Among dloys of industria interest, titanium aloys and diffusion of carbon from the conventional tungsten
represent one of the most difficult materias to machine. carbide tools to the titanium workpiece [3, 4]. It is clear
In fact, machining of titanium dloys has become a that the requirements for a ceramic cutting tool for the
magjor limitation in aerospace manufacturing because, machining of titanium aloys at high speeds are not

unlike steels and nickel-based aloys, titanium cannot satisfied with currently available cutting tools. A new
be machined satisfactorily at high cutting speeds cutting tool materid that displays the attractive properties
(>200 m/s) even with advanced ceramic cutting tools of the current date-of-the-art ceramic cutting tools
[1-3]. Titanium aloys have low thermal conductivities while being chemicaly compatible with titanium would
and high work-hardening characteristics, which lead to dramaticaly increase cutting rates, improve surface
rapidly rising cutting temperatures (up to 1100 °C) [3] finish, and provide extended lifetimes of the cutting
at even low cutting speeds (<50 m/minute). Due to the tool itself.

high machining temperatures and the high chemicd There are three primary requirements for a materia
reectivity of titanium with most currently available ceramic that is to be used as a cutting tool for titanium. First,
tool materids, titanium dloys are ill machined with the material must have sufficient hardness at the

cemented carbide tools a speeds only incrementally elevated temperatures (~1000 °C) at which titanium
higher than those employed when the first titanium alloys are machined. This may dictate that the material
alloys became available [3]. As a result, production must have not only high resistance to fast-fracture, but
times are long and costly. also resistance to creep-rupture. Second, the fracture

While ceramic cutting tools have found increased toughness must be high enough to withstand the
gpplication in the machining of materids that are stresses generated by machining titanium alloys at high
difficult to cut, such as nickel-based superalloys, they cutting speeds. Reinforcing second phases are likely to

have not replaced cemented carbides due to their high be needed to increase fracture toughness. Third, a
materia that is stable with highly reactive titanium at

*Corresponding auithor: the high temperatures generated during machining is
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ynamics-based andysis to identify potential tool
materials that are compatible with titanium. A number
of compounds, particularly rare-earth oxides, were found to
be chemicdly compatible with Ti. While simple oxides of
the rare-earth elements were considered, multicomponent
rare-earth-containing compounds containing multiple
cations were not. Therefore, a new ceramic composite
with increased stability for the machining of titanium
dloys was formulated. This new cutting tool compostion
replaces the alumina matrix in conventional ceramic
cutting tools with yttrium-aluminum garnet (YAG),
which has similar mechanica properties to alumina, yet
is thermodynamically compatible with titanium. YAG is
being considered for high-temperature structurd
applications for its superior high-temperature mechanica
properties; for example, it is the most creep resistant
oxide known [6-8]. Prdliminary results on the composite
fabrication, chemical compatibility of the composite
condtituents and chemical compatibility of the composte
with titanium, the mechanical properties, microstructura
characterization and electrodischarge machineability
(EDM) of the composites are described in this publication.

Experimental Procedures

Composite Fabrication

The nominal composition of the YST cutting tool
was 43% YAG, 33% SiC whiskers, and 24% TiC by
volume. The asreceived YAG powder (Sasol North
America, Inc., Cerdox Divison, Tucson, AZ) contained a
smal amount (~5%) of an intermediate reaction product,
YAIOs;, and residua yttria and aumina. In order to
reduce the particle size of the as-received YAG powder
(~5.5 pm), the powder was ball-milled for 100 hr using
high-purity aumina balls (99.5%) in a water medium.
The average particle size was reduced to 1.7 um. The
TiC powder was used in both the as-received condition
(YST/UES-1) and as fines separated by sedimentation
(YST/UES-2, 3, 4). The milled YAG powder and TiC
powder were wet milled together prior to blending with
the SIC whiskers (early 80s vintage of ARCO through
the courtesy of Dr. Robert Ruh, AFRL). The milled
powder was dried and calcined a 600 °C to remove
organic contaminants obtained during milling. Hot-
pressing of the composites (~2.54 cm diameter) was
carried out in vacuum (~0.2 torr) at ~1800 °C/25 MP&/
30 minutes. The YST used for the R-curve study was
processed by ICT (Industrial Ceramics Technology,
Inc., Ann Arbor, MI) based upon our specifications.
The SIC whiskers used by ICT were from Tokai Carbon
Co. Ltd., Tokyo, Japan, and the same YAG powder
(Ceralox). The constituent materials were mixed using
ICT proprietary processing and were then vacuum hot-
pressed into billets of size 12.7 cm in diameter and
~6.5 mm thick. The nomina composition of the YST
was the same as the ones used for strength tests. The
two YST (#102 and #103) billets used for R-curve

study were 97.7 and 98.1% of theoretical density,
respectively.

Thermodynamic Analysis and Reaction Couples:
Thermochemical Stability

Thermodynamic calculations were performed to
determine the reactivity of YAG with the workpiece of
interet, titanium/titanium auminide and with the various
components of the cutting tool materia. The free
energies of reactions were computed for YAG and
compared with those computed for dumina, the competing
matrix materiad for the cutting tool. The required data
were obtained from published data by Chase et al.,
Turkdogan, and Kubaschewski et al. [9-11].

The components selected for the studies were (1) Ti,
(2) SIC, (3) TiB,, and (4) TiN. For reactions with
titanium aluminide, the free energies of formation with
pure titanium were cornverted to equilibrium Ti activities
(assuming the activity of all other components to be
unity) and then compared with the calculated equilibrium
activity of Ti in TiAl.

To study the kinetics of the reaction of titanium with
YAG, a reaction couple was prepared. The face of a
single crystd YAG coupon (~1 cm x 1 cm) was polished to
a 1-um finish using diamond paste. Commercial purity
(CP) titanium foil (~125pm thick) was sandwiched
between the polished faces of two coupons and held
together with platinum wire. The reaction couple was
placed in a quartz-glass envel ope, evacuated, backfilled
with high-purity argon, and sealed. The encapsulated
reaction couple was heated for 2 hr at 800° to 1200 °C.
For comparison, CP titanium reaction couples with YAG-
and aumina-containing cutting tool materials (Y ST
and AST) were made in the same manner.

Mechanical Tegting: Strength and Fracture Toughness
— Strength

Bend bars were cut from the hot-pressed hillet so that
the tensile surfaces of the test bars were pardld to the hot-
pressing direction and the crack propagated perpendicular
to the hot-pressng direction. The tensile surface of each
bar was polished with diamond paste to a 1-pum finish and
the edges were chamfered with a diamond whed.
—R-Curve

From each billet (Y ST-#102 and #103), 16 bend bars
(~3.175%x6.35 x50 mm) having the tensile surface
paralel and 16 having the tensile surface perpendicular
to the hot-pressing direction were machined using a
diamond saw. The tensile surfaces of the bend bars
were ground with a 600 grit diamond grinding/
polishing wheel and the final polish was done using a6
pum diamond disc. Sample edges were beveled. R-curve
measurements were carried out using an indentation-
induced controlled surface flaw technique. A Vickers
indentation was placed a the middle of the tensle
surface of the bend bar. The indentation loads used
were 1, 2, 5, 10, and 20 kg; 3 tests were performed for
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each load, for each group of specimens (samples #102
and #103, paradlel and perpendicular to hot-pressing
direction). Optical microscopy was used to measure the
surface projection of the radia cracks. The haf-length
of the surface crack was taken as the radii of the
indentation induced crack. Both strength and R-curve
tests were performed using a four-point-bending
configuration with an inner span of 9.525mm and an
outer span of 38.1 mm for strength and 19.01 mm and
381 mm for R-curve, respectively. The cross-head
speed used was 0.127 mm/minute.

Microstructural and Fractographic Analyses

The microgtructures of the composites were examined
both paralel and perpendicular to the hot-pressing
direction usng optical and scanning eectron microscopy
(SEM). Selected samples were examined using TEM to
study any possible reaction amongst the constituents.
The fracture surfaces of the test bars were examined
using SEM to determine the fracture origin and pulled
out whiskers and corresponding holes. Indentation
induced cracks were examined using SEM to observe
crack bridging by SiC whiskers.

Preliminary Titanium Machining

A limited number of composite samples were machined
into tool inserts (CNG-432) and a machining experiment
was carried out to determine the preliminary machining
characterigtics of the composite.

Results and Discussion

Thermodynamic Compatibility of constituents and
Titanium Alloys

The reactions considered for the calculations on
reactivity with titanium are as follows. (YAG represents
Y 3Al5012)

) Ti+ Al - TiAl

2) Ti + (215 YAG - TiO +(3/15) YO+
(1/3) Al,Os

3) Ti + (U/3) AlL,O; - TiO + (2/3) Al

4) Ti + (2/3) AlL,O; — TiO, + (4/3) Al

5 Ti + (3/8) SC - (U8) TisSia+ (3/8) TiC
6) Ti + (3/8) SO, — (U8) TisSiz+ (3/8) TiO,

Reactions to form TiO were always more favorable,
and hence used for comparisons. Reaction (6) was
included to determine the reactivity of SIC in the
presence of air at temperature. The free energies of the
reactions were used to calculate the equilibrium
titanium activity, assuming al other products/reactants
had an activity of unity. The caculations showed that
both SIC and silica (oxidation product of SIC) are
predicted to react with TiAl. The calculated activity of
Ti in equilibrium for various reactions is shown in Fig.
1. YAG is superior to alumina, athough the activity of
Ti in TiAl is below that for reaction with both alumina
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Fig. 1. Cdculated activity of Ti in equilibrium for variousreactions
showing the relative stability of YAG and dumina againgt TiAl.
YAG is seen to have abetter stability againgt reaction with titanium
than dumina
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Fig. 2. Cdculated thermodynamic free energies of reactions
involving reaction by dissolution of oxygen in Titanium. Both
YAG and Aluminaare predicted to react while yttriais predicted to
be stable.

and YAG. The tendency for reaction increases with
temperature in both cases. Since it is known that
alumina reacts with titanium, it is possible that one
needs to calculate the thermodynamics of oxygen
dissolution in titanium (thermodynamic data for sub-
oxides of Ti (TiOy5) are available but they were found
to be even less favorable). The free energy change was
caculated as a function of atomic percent oxygen
dissolved in titanium using the data from Kubaschewski
et al. [11] The reactivity of YAG, alumina and yttria
were calculated and compared (Fig. 2). The following
reactions were considered.

1) -X)X Ti + (415) YAG -
(1-X)/IX Ti(O)+ (2/5) Y04 + (4/3)Al
2) (X)X Ti + (23) AlL,O; —
(1-X)/X Ti(O)+ (4/3) Al
3) (X)X Ti + (23) Y05 —
(1-X)/IX Ti(O)+ (4/3) Y
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X is the atomic fraction of oxygen dissolved in
titanium. The results were compared at X=0.1 for
aduminaand YAG and a X = 0.01, 0.05, 0.1 for Y,0s.
The free energy was adways negative for alumina and
YAG. For yttria, the free energy was positive below a
critica temperature. This temperature was close to
1100 °C for 0.4 at% dissolved oxygen in Ti, and lower
for lower oxygen concentrations. Thus it appears that
YAG is not sufficiently better than alumina; however if
YAG is reduced to yttria and if yttria physicaly
separates YAG from Ti, further reaction might be
suppressed provided an atomic concentration of 0.4%
is allowed to accumulate in the titanium.

The other objective of the work was to estimate the
reactivity of YAG with other congtituents of the cutting
tool (listed in the experimental section) and compare
the results with those for alumina. These calculations
are useful for predicting the stability of the congtituents
during both processing, as well as during use. The
calculations showed that the only compound that is
predicted to react with YAG is silica, the oxidation
product of SIC. The reactivity of aumina was
calculated using the appropriate reaction equations. The
reactivity was found to be worse than YAG in all cases;
thisis not surprising since al the reactions are based on
decomposing YAG followed by a reaction with aumina.

Reaction Couples and Kinetics

Thermodynamic caculaions were verified experimen-
taly by characterizing the interface between reaction
couples of the composites (YST and AST) and
commercialypure titanium foil heated in argon for 2 h
a temperatures of 800° to 1200 °C.

In the case of single-crystal YAG and Ti, YAG was
found to partially decompose to Y,03, resulting in a
thin, 1-um thick layer of Y,Os; (Fig. 3). No Y was
detected in the Ti foil. For the YST composite (earlier
hot-pressed specimen from ICT having ~5% porosity),
YAG was found to decompose, resulting in a layer of
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Fig. 3. SEM images of the single-crystal YAG-Ti reaction couple
after heating at 1100 °C/2 hr. The bright phasein the BSE imageis
the 'Y ;O3 reaction product.
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Fig. 4. Secondary-dlectron and backscattered-electron images of
the YST-Ti interface after heating a 1100 °C. Arrows indicate
position of original interface. In BSE image lightest phase next to
YST is Y,0;5 reaction product. Mottled layer above YOz is Ti
(richinSi)and TiC.

Y .03 next to the composite. At the highest temperature
of 1200 °C/2hr, the reaction affected only the top 15
pm of the YST composite coupon but at 1100 °C/ 2 h,
only the top 10-um of the composite was affected (Fig.
4). No Y was found in the Ti. The thickness of the
decomposition product was 3 um (Fig. 4), compared to
1 pm for that found in the YAG single-crystal at the
same temperature. The high porosity (~95% of
theoretical density) of the unoptimized Y ST materid is
likely the cause for the greater Ti reactivity. Also, it is
clear that the presence of SIC increases the total depth
to which the reaction proceeds in Y ST, when compared
to that of YAG alone.

Figure 5 contains EDS elemental maps of the Y ST-Ti
interface heated to 1100 °C for 2 h. There was athin Y-
rich region between the composite and metal, devoid of
any other cations. Al and Si are present in significant
quantities in the titanium in either solid solution, or in
the case of Si, as a distinct phase, as is TiC. As the
temperature is increased, the thickness of the reaction
zone is increased. The titanium seems to enter the
composite by dissolving auminum and SIC, leaving
behind a TiC skeleton. As YAG decomposes, a thin
layer of Y,0; is left at the advancing Ti-composite
interface. While yttria is not compatible with alumina,
the yttrium-containing auminates [12] that normally
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Fig. 5. Secondary-€lectron image and EDS elemental maps of the central region of interfacia areashown in Fig. 4.

would be expected to form do not. The affinity of
titanium for auminum and oxygen is so high that only
Y,0;, and perhaps elemental Y, is left behind. No Y is
found in the titanium metal, either as a distinct phase or
in solution. Since Y,0; forms as a layer between the
advancing Ti and the remaining composite, and no Y is
observed in the Ti itself, the Y,0; decomposition
product seems to be acting as an effective diffusion
barrier to dow the reaction. This indicates that while
YAG is indeed quite resistant to reaction with Ti, the
presence of SIC in the composite results in an
increased reaction. It appears that Y,O; acts as a
diffusion barrier between the remaining unreacted
composite and the advancing titanium. Thermodynamic
calculations show that Y ,0; is exceptionally resistant to
attack by titanium (Fig. 2). At 1200 °C, the equilibrium
(with Y,O3) concentration of oxygen dissolved in
titanium is calculated to be only 0.5 at%. In contrast, Ti
can completely reduce Al,O3 by dissolving oxygen as
solid solution in Ti. The dumina-based AST composite
tool showed a greater reaction product thickness than
the YST materid. Clearly, the affinity of Ti for Al is
high and it appears that Al,O; decomposes and Al goes
into solution much faster than the decomposition of
YAG.

Microstructures of YST Composite Cutting Tool
The optical micrographs of YST/UES1 to 4 are
shown in Fig. 6. The variations in TiC particle size

o al 4

(light phase) are eadily discernible. As will be discussed
later, the TiC particle size in the YST composites
affects the mechanical properties as well as the EDM
machinablity. The YST/UES-1 sample shows the
presence of a wide range of TiC particle sizes (up to
70-80 um). This sample was extremely difficult, if not
impossible, to EDM machine. Through sedimentation
classification, the particle size of the TiC was
considerably reduced, as shown in the YST/UES-2
sample. This composite was readily EDM machined.
Further refinement of the TiC particles before hot-
pressing showed a better distribution of TiC in the
composite (YST/UES-3). The YST/UES-4 sample,
fabricated using the Y ST/UES-3 powder batch, was
~5cm in diameter and the machining tool inserts
(CNG-432) were machined from this hillet. The
samples were also examined paralel to the hot-
pressing direction and, surprisingly, no obvious
difference from Fig. 6 (perpendicular to hot-pressing
direction) was observed.

SEM micrograph (Fig. 7) of YST/UES-3 shows
details of the phase distribution and aso the
preservation of SiC whiskers during processing. X-ray
diffraction andyses (XRD) of YST were carried out
before and after the composite hot-pressing. The XRD
patterns of both were identical, which suggests phase
compatibilty during hot-pressing. A TEM micrograph
of YST/UES-3 is shown in Fig. 8. Three congtituent
phases are clearly shown and no reaction amongst
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Fig. 7. SEM (SEl) Photomicrograph of Y ST/UES-3 taken from
perpendicular to the hot-pressing direction showing three distinct
congtituent phases (light: YAG, grey: TiC, and dark: SIC whiskers).
SiC whiskersvary in sizes and aspect rétio.

these phases is apparent. An abundance of very fine
(<100 nm) TiC particles dong with large (> 1 um) TiC
particles were observed. Some of the smal TiC
particles were embedded in the YAG, which suggests
entrapment of TiC particles during sintering of YAG.
The YAG phase appears to fill the interstices and
conformed to accommodate the TiC and SiC phases. At
the hot-pressing temperature (~1800 °C), both YAG
and TiC should be quite ductile, promote complete
densification of the cutting tool composite.

Fig. 8. TEM Micrograph of Y ST/UES-3 showing smdll entrapped
TiC particlesin YAG.

Mechanical Properties of YST Composite Cutting
Toal

The flexural strengths of YST/UES samples are
shown in Fig. 9. About a 35% improvement in strength
was observed for the Y ST/UES-3 (692 MPa) compared
to the YST/UES-1 (516 MPa). The Y ST/UES-2 sample
showed an intermediate strength between 1 and 3.
Since only the TiC particle size was varied between
these sets of samples, the starting TiC particle size
refinement results in the improvement in strength. SEM
fractographic analyses confirmed this conclusion. The
fracture origin for the YST/UES-1 samples was
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YST/UES-1 YST/UES-2 YST/UES-3

Fig. 9. Four-point-bend strength of Y ST materials. The numbersin
the plot are the average values.

Fig. 10. SEM fractograph of the YST/UES-1 sample showing
agglomeration of TiC particles near tendile surface (top) of the
bend bar (0 =493 MPa).

identified as an agglomerate of large TiC particles (Fig.
10). This observation is in accordance with the presence of
large TiC particles in the sample (Fig. 6). The fracture
initiating flaw in YST/UES-3 dso appeared to be a
large (~10 pm) TiC particle (Fig. 11). The mating piece
of the fractured sample did not reveal any unusua
features near the fracture origin.

Since the publication by Wel and Becher [13]
regarding attractive mechanica properties of SIC
whisker reinforced aumina, various organizations
reported more detailed analysis of this type of materia
[14-3Q]. In this study the R-curve analysis followed
the technique described by Krause et al. [18, 22],
and Cook and Clark [19] using the same nomen-
clature,

Kg = k(2@

where Kg is fracture resistance of the materid, Aa is
crack extension, and k and m are congtant. Through
measuring the fracture strength (S) of the bend bars
with indentation flaw with various load (P), log S vs.
log P plot having relations of S = aP™® can be generated,
where the exponent b is defined by m = (1 — 3B)/(2 +

! ) el

- L L 5 - =
Fig. 11. SEM fractograph of the Y ST/UES-3 sample showing the

presence of large (~10 um) TiC particle near tensile surface (top) of
the bend bar (0 = 711 MPa).
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Fig. 12. Flexurd srength of YST as a function of Vicker's
indentation load. The solid lineis aleast-squaresfit for the data
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Fig. 13. Fracture resistance (Kg) versus crack extension (Aa) for
Y ST showing rising R-curve behavior.

2B) and the coefficient o is defined by k = Ya(By)™
(1+B)™P), where Y is a configuration coefficient congtant
and v is defined as y = P/(a)?®?™, where a is the
indentation-induced initia crack depth.

The coefficients 3 and log (o) can be evaluated by a
linear least-square fit from the plot shown in Fig. 12.
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Fig. 14. SEM fractograph of YST showing SiC,, pull-outs and
corresponding holes/troughs at the wake of crack.

The dope of the plot, d log (§)/d log (P)=-4, is
-0.1635 and is about half of the value 1/3, which is
fracture toughness independent of crack extension.
Figure 13 shows the calculated fracture resistance of
the YST increasing as a function of crack extension.
The Kgr of the YST increased from ~4.5 to ~9 MPa
/m with a corresponding increase in Aa from ~100
to ~800 um. The increase in Ky with increasng Aa
indicates the crack wake toughening is operating.
The evidence of whisker pullouts can be seen clearly
on the fracture surface of YST in Fig. 14. SC
whisker bridging is aso evident in Fig. 15, which is
an SEM micrograph of a crack produced from a
Vickers indentation. Similar type of plots of Figs. 14
and 15 for each set of samples (#102 and #103) and
testing orientations (paralel and perpendicular to
hot-pressing direction) were made to study the repro-
ducibility and preferred microstructural differences.
Obvious differences were not detected and the Figs.
14 and 15 were constructed including al the test
data

I “ - o ‘
Fig. 15. SEM micrograph of Y ST surface showing crack bridging
by SIC,, (dark phase) along Vicker'sindentation crack path (top to
bottom).

Machining of Titanium Alloys

The major advantage of the Y ST cutting tool over the
conventional ceramic cutting tool is that the YST can
be machined using electrodischarge machining (EDM).
The EDM machinahility of YST is clearly demongrated in
Fig. 16, where 5 and 12 mm discs were wire EDMed
out. A SEM photomicrograph of the cut surface of
YST after EDM is aso shown in Fig. 16. The SEM
micrograph was taken at the edge of the Y ST specimen
to show both the as-ground (left) and the EDM cut
(right) surfaces. The roughness of the EDM cut surface
of YST is comparable to a typical metal cut surface.
The EDM machining rate was similar to Mo or W
machining rates with a similar thickness.

The machining tool inserts (CNG432) were machined
from YST/UES-4. The workpiece used were Ti-6Al-
4V and Incond 718. Thus far the test results are only
gualitative. With the CNG432 geometry, the YST
faired similar to other commercia cutting tools (as
judged by machinist). It was noted that the Y ST cutting

o ‘ J - - !
Fig. 16. Optica (machined out two discs of 5 and 12 mm in diameter) and SEM (left = as-ground hillet surface and right = EDM machine
cut surface) Photomicrograph of Y ST specimen after wire EDM machining.
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tool showed a great potential since it has not been
optimized yet. New cutting tool inserts (from pseudo-
optimized processing) are being machined and the
machining experiment results will be reported in later
publication.

Summary and Conclusion

A new ceramic composite cutting tool material
(YST), based on YAG matrix, was developed for the
improved machining of titanium aloys. The reaction
couple study of the cutting tool material as well as
YAG single crysta with commercia grade titanium
showed YAG is found to decompose, resulting in athin
layer of Y,O; next to the composite which is
exceptionally resistant to attack by titanium. The YST
cutting tools, developed in this study, are electricaly
conductive and were easily machined using electro-
discharge machining. The microstructural anaysis of
fully dense Y ST with optical, scanning, and transmission
electron microscopies revealed the presence of three
distinct constituent phases (YAG, SIC,, and TiC) and
no discernible reaction amongst three phases. The
average four-point flexural strength of the YST with
small TiC particles was approximately 700 MPa and
the fracture origins were identified as large TiC
particles or TiC particle agglomeraies. R-curve andyss,
based on the indentation induced controlled surface
flaw/strength technique showed rising R-curve behavior
of YST. The SEM anaysis showed clear evidences of
SiC whisker pullouts and bridging, which indicate the
crack wake toughening is operating in Y ST. Preliminary
machining experiments using Y ST cutting tool (not yet
optimized) on Ti-6Al-4V dloy showed smilar machining
characterigics as conventiona cutting tool materials (e.g.,
cemented carbides) and potential for further improve-
ment.
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