CIIVIORREEME DO 3DTYoTATD
BN ENR ERITMT A DHEIEF

A RFREN FENMEZHRFER S
MZERMER #BE-EeMEMzR1I=vh
BAR E&k

=

FAREESMBIDTI=6® 3DT)oT4T (1B T50—03vT
ER29F9A7H BAKE EEAEaRE



FERODBYE

MEIVOUEREIANDBERANEADDHLSIC/SICEEMMIZDNT,
Additive manufacturing®IRIKEZRFE BN T 5,
= SiC;SICEEMHDILEME
= SiC/SICHEEMH DERIEK
= FRDE/OY
= Additive manufacturinglZ &3 {EBF %S
o AKENASA Glenn Research Center
o B =B ERAEL
= AREACHIF

AERTIE., “EIIVIRBEEEMH OD—DOTHS
SiCHl##5RI1ESICT M) I REEMFL (SIC/SIC) ZRRET S, JZW
GE9X (RHEAB777)



MZEI OV -iRyb2I2avDEEM AL

FHMZERRHFEE
Japan Aerospace Exploration Agency

NigREHEEI—EVR
Rolls-Royce Aviation Ltd. Web pages Hi 8L e E R B PLE IS,

mARD, Al BEERR,
TEEM B (NS S) - 8g/cmd vol:44,4,2004
b4 (3 (SIC) ik /SICES M. 2~3 g/em® ($31/3)

. EREH DB 2 HIE |
- AEZZ R DI '$ RER L

FEDIUO VA=A RIAMEI OO DS REBAMMELTHEFFES



NiZEtE & & £SIC/SICEEM#

B n%TMS 138
ml_'Sl t/i

SEEERMFEIC I,
AL, B SEELR,
vol.44,4,2004

o SiC/SICIEZINIEEIZHRTEET. NIEELYH200°C 5031200~ 1300°C
DMEMEERTRTOVVILERED,
l%/mnl-‘nn@f%fﬂw ’Eﬁ'J,DZ+30~50%0)$§é

4



SiCHi#sR{L/SICT M) v I AR E M

SICf/SICO R ETFE

AL T A SR

Hif = AL

(RmEFZRL) >

S - S e 4 (B4
w‘n" ~—r TR
Ny "5__5 ROPRES A0
: e o ERIL (B )
a—F42

FmE(RMA)




AL 1 3 (SiC) hiw#

-

AL 1 % (SIC) it SiCH#EEY) (2D) SICHE# & (3D)
i FEDRE (H) F— AR —S &Y

« 1970FIZEIL K. KESLEHIHEA
c REHHEELY, SETOMEREEIZENS,
« EALRNILOSICHlHEIZDOLNTIZFAAD 2AHA L T7100%

NGE Foars (BSR4 : = HO L )
LIBE |l emmeistas 58 75/6#)



RRBVZESICHHE D ZA - MY R

=HAa> (NGS) F5/ (FEPEE)
NL-200 Hi- Hi-
Nicalon Nicalon-S
g & TEILITFR fo R E TEILITFR e o
#H Ak SiCi34 SiCq 39 SiC1 05 SiTig 02 SiZr<g o1 SiCOg 5
C)0.36 C)0.01 C1 .3700.32 C1 .4400.24 A|<0.008
53R 58
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H #: Mrityunjay Singh, Additive Manufacturing of Ceramic Matrix Composites for Propulsion Applications, NASA Aeronautics
Research Mission Directorate, Fy12 LEARN Phase, Technical Seminar, November 13-15,2013
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Fiber CVD Fiber Matrix |
: Wet Drum  Lay-Up and
Coating Slurry Winding Laminate
(BN, C) _
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1400-1450°C to melt
_—
silicon and infiltrate body m
coated fiber Si+C->SiC coated fiber

porous preform containing dense SiC + Si matrix
carbon andior SiC

Hi 8 : Krishan L. Luthra, Emerging Applications and Challenges in using Ceramics at General Electric,

Ceramic Leadership Summit2011
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Hi 88 : Krishan L. Luthra, Emerging Applications and Challenges in using Ceramics at
General Electric, Ceramic Leadership Summit2011
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Additive Manufacturing of SiC-Based Ceramics and Ceramic Matrix Composites
Michael C. Halbig and Mrityunjay Singh

11th International Conference on Ceramic Materials and Components for Energy and
Environmental Applications, Vancouver, B.C., Canada, June 14-19, 2015
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Prepregs for Composite Processing

* A number of SiC (Hi-Nicalon S, uncoated)
fabrics (~6"x6") were prepregged.

* These prepregs were used for optimization
of laser cutting process.

* Baseline laser cutting data was also
generated for different types of SiC fabrics
(CG Nicalon, Hi-Nicalon, and Hi-Nicalon S)

Laser cut prepregs used for

SEM specimens cut with different composite processing
laser power/speeds

www.nasa.gov
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Non-metallic Turbine Engine Project
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« NASA GRC, Ohio Aerospace Institute, RP+M, Honeywell Aerospace, NASA LRC
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Binder solution -
In Collaboration with rp+m

Powder feed roller
Printing head

S

Glued bbwder

(foformparis)
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. SiC#yxk
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N si\ SiC powder

SiC

powder J
\ Si-TUFF SiC fibers

SiC powder Inaded SMP 10 (Advanced Composite
204 12.0mm x10. Materials,,LLC)

50 mm*50 mm*4 mm
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Vf: 20%:

First stage nozzle segments.

High pressure turbine nozzle segments: cooled doublet vane sections. WWwW.Nasa.gov
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