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Motivation

> High elastic Modulus,
L Tat ] &

» High strength

-
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Work Focus

: 3/4 -point :
static ASTM dynamic (sHPB, drop weight tower, Charpy tester)

Vickers indentation

static fracture

toughness
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Powder Property

density

material
(g/cm?3)

average size purity, %

1000 nm

D,<20 nm,
MWCNTSs ; D;:4 nm,
L: 1-12 pm

B,C . 45-55 nm
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Powder Mixture

Mixing Process:
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Spark Plasma Sintering (SPS) System

Pressure
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Puncher

Sample

Pressure !t!

Q = 133°C/min, 9min
T =1200°C
Hold 3min
P =30 MPa

Stage 2:
P =90 MPa

T = 1800 °C
Hold 10 min

Densification
98.4%
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Sample Fabrication

SiC 91 wt%

Sintering Aids
B,C1wt%

\ultlg- ’

sonication
-

Sintering l
CNTs/TaC /SiC Powder

CNTs/TaC /SiC Material

CNTs 4 witk

TaC 4 wt%
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Vickers Indentation (static)

A — F 1.854F
A~ d?
HYV: Vickers hardness
A F: loading force

A: indentation area

d: average length of the diagonal
left by the indenter

d=2a

E F
KIC - 0016 Wﬁ

K;.: mode | fracture toughness
E: Young’s modulus

c: crack length from the impression
center
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Sample Requirement

ASTM C1421-10 three-point bending test

_ 3*D=4.5 mm
B=3 m:*n(Z %.<

W=4 mm t<0.1mm _

nh
v @=2 mm |

10 mm
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5=20 mm

0.12 S a/W < 0.30 45S,/Ws10

S,: three-point test fixture outer span
B: side to side dimension of the test specimen

W: top to bottom dimension of the test specimen parallel to the crack length
a/W: normalized crack size
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SHPB Set-up (dynamic)

Specimen

. — Pulse shaper N y
Striker bar G /
| Incident bar M Transmitted bar
Vo @ i & &

To obtain a constant loading rate

copper pulse shaper 3.2 mm diameter x 3.2 mm thickness
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Theoretical Background

strain rate, energy absorption and force measurement

—2C
E(t) = —&.(b)

S

F(8) = ApE(e(0) + £:(0))
Ea®) =2 | (@) - o2 - PO de

E;: strain rate
c: wave velocity
L: specimen thickness stress

E 4: energy absorption F : force at the incident bar/specimen interface

Aj: cross sectional areas of bars g, &, incident, reflected strain /

E: Young’s modulus of the bars
o; , 0, , 0; : incident, reflected, transmitted
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Dynamic Fracture Toughness

quasi-static method expression for dynamic calculation

P.1axS,107%  3(a/W)1/?
BW3/2  '2(1 — a/W)3/2

Kic = f(a/W)|

1.99 — (a/W)(1 — a/W)[2.15 — 3.93(a/W) + 2.7 (a/W)?]

W) =
fla/w) 1+ 2(a/W)
B=3|nn¥£?
“kdmm; t<0.1 mm ¢F2mm

10 mm

P, .: maximal dynamic force < v—

S : the three-point test fixture outer span
B: side to side dimension of the test specimen
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Sample Response

TaC/CN'Ts/SiC CMCs

three-point dynamic fracture test:

770 mJ impact energy
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Strain Wave

—— |Incident and reflected wave
| constant slope — Transmitted wave
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Dynamic Loading
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Max. Energy Absorbed (mJ)
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Fracture Toughness

Vickers Strain Max Energy Max Loading Fracture
Hardness Rate Absorbed Force Toughness
(HV, GPa) (&, 1/s) (au,, mi) (P,... N) (K,c, Mpa *m?/2)

Impact Energy
(E;, m))

max,

7

SF
/

4.711+0.17

dynamic
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Toughening Mechanisms.docx

Toughening Mechanisms

SEM image

interaction between cracks and CNTs
Interface has a lower toughness

perpendicular cracks reach interface
and propagate along the interface

perpendicular to axial direction of
CNTs
*» restrain crack opening
< reduce driving force for crack
propagation
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Conclusions

/> TaC/CNTs/SiC CMCs were prepared by spark plasma
sintering

» Dynamic fracture toughness by SHPB w/ copper pulse
shaper was investigated based on the static ASTM C1421-10

> K;,(4.71-8.36 MPa*m'2) > K, .(3.88 MPa*m!?)

» SiC CMCs exhibited a more strain rate dependent property
for higher strain rate

> Toughening mechanisms (CNTs deflection, CNTs bridging):
restrained the crack to open and to grow further under the

\ loading

/
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