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Project Overview

e [ndustry roadmap Identified needs for fuel injectors
- Smaller spray holes
- VVariable orifice geometry
- Improved durability

* Project success will result in improved fuel economy
and reduced emissions

e [nitiated in March 2002; expected completion In
FY2005
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Objectives

» Demonstrate feasibility of producing holes 50pm or
smaller in ceramic and cermet materials
- High strength
- High temperature capability
- Erosion and corrosion resistant

* Explore methods to fabricate precision arrays of
fine holes

 Fabricate fuel injector nozzle shapes with fine holes
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Trechnical Approach

e Produce holes in situ - no drilling or EDM

» Use metal inserts and capillary forces to produce
volids In powder compacts of cermet material

e Gelcast ceramic material around removable wire
Inserts or fugitive pore formers

e Use thermal plastic coextrusion to form complex
arrays of holes in ceramic material
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Trechnical Accomplishment Summary.

e Demonstrated 30pm hole formation in TIC/Ni;Al
cermet material

e Demonstrated 30um hole formation in Al,O, and
ZrO, ceramic materials

e Produced arrays of holes in gelcast ceramic

» Fabricated injector nozzle shapes by gelcasting

e Produced arrays of holes in coextruded ceramic
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Forming Holes in Cermets

Powder compact Melted wire drawn  Compact sinters
with embedded Into powder by while reaction layer
NI wire capillary action forms on particles

o. S.o‘.!o. ..
(@ " ,
(00" 0 000

%

Heat Heat

e e 000 © ~.. )
%

0092 0a%

1 Nickel wire
OAK RIDGE NATIONAL LABORATORY

U. S. DEPARTMENT OF ENERGY UT-BATTELLE




350 micron

Optical micrograph

E microgrp

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY UT-BATTELLE




Forming Holes in Gelcast Ceramics

Gelcasting: complex shape forming process that
T eliminates most machining

Dried part Is heated to
sinter to high density

Ceramic slurry is cast in
a mold and gelled
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Using removable rods to form long holes in a ceramic plate
: i Mold Casting
Small wires or fibers - 4
can be used to make
fine holes in gelcast =
ceramics
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Optical micrograph SEM micrograph

The gelcasting slurry contained organic fibers
which were burned out during the sintering process.
Holes over 20mm long were formed using this method.
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Forming Holes in Gelcast Ceramics

Holes in sintered Al, O,

The alumina slurry was gelcast around embedded wires
which were removed prior to sintering.
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Gelcast Nozzle Shapes

Crude nozzle  After hand shaping Gelcast nozzle tip with
casting with wires embedded wires

Gelcast ceramic nozzle
==> shape after sintering =—> §&
(shown with steel nozzle)

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY

UT-BATTELLE




TThermal Plastic Coextrusion

POWOAEN 1IN thermal plastic resin
(Ceramic, metal, carbon, etc.)

e Formulated to have uniform Foutnod
flow properties

* Segments assembled to form a |  edwion
complex pattern

First Extrudate =——————.

e Extruded under pressure and ’
heat to reduce the cross-section T
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on Forming

5:1 reduction allows repeated assembly of feec

First Extrusion Second Extrusion
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Second Assembly

Matrix Material

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY UT-BATTELLE




Coextrusion Forming

[rd extrusion, the pore former IS moved

to an internal location.

e

Up to 7 total fugitive hole

O"

Second Extrusion Third Extrusion

Third Assembly

Matrix Material
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coextrusion Fermine

Third Extrusion Fourth Extrusion
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Coextrusion Products

Cross-section of
extruded alumina /=2
rod - 5mm diam.

Extruded alumina rods
with carbon-filled hole
pattern - 5Smm x 50mm

SEM micrograph of hole
after carbon burn-out
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Hybrid
Nozzle

Ceramic
Nozzle

F—

Coextruded disk

A

Thermal plastically joined
to ceramic nozzle and sintered
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Vionoelithal

Coextruded cylinder

Green machine to final shape
and sinter to full density
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Hole Pattern Geometry/
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possible
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e Up to 74 = 2,401
total holes after
4 extrusions
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* Hole shapes can be mixed in a single

nozzle tip %

» Hole sizes can be varied in a single
nozzle tip
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Coextrusion Summary.

e Utilizes many different materials: ceramics and
powder metals

e Coextruded material can be thermal plastically
shaped and machined

e Complex hole arrays can be produced
e A very large number of holes is possible

» The hole size and shape can be varied
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Project Summary

e Demonstrated 30pm hole formation in TIC/NI;Al
cermet material

e Demonstrated 30um hole formation in Al,O, and
ZrO, ceramic materials

* Produced arrays of holes in gelcast ceramic
 Fabricated injector nozzle shapes by gelcasting

e Produced arrays of holes in coextruded ceramic
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Plans for Future Work

 Design and fabricate precision gelcasting molds
e Produce ceramic fuel injector nozzles by gelcasting

» Demonstrate thermal plastic shaping of coextruded disk
Inserts

» Evaluate joining methods for fabricating hybrid fuel
Injector nozzles

e Evaluate thermal plastic joining and shaping of ceramic
fuel injector nozzles

e Study green machining of complex shapes from
coextruded stock

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY UT-BATTELLE




