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Development of Alumina-fiber/Aluminum Composite Impeller

Akiyoshi MiZUTA, Toshinori NAKAMURA and Kuniyasu SAKAI

Synopsis :

Recently, fiber-reinforced metal (FRM) has called much attention in various fields of industry where high
strength-to-weight ratios are requied, such as jet-engine parts and structure members of aircraft. In
order to fabricate alumina-fiber/aluminum composite, we tried to develop a method to incorporate molten
aluminum alloy into reinforcing fibers by pressurized casting method. This method was applied to invest-
ment moulds for precision castings, and consequently complex and large composite products, such as impel-
lers, were produced more easily than conventional method.

In this paper we investigated desired properties of alumina-fiber/aluminum a composite impeller for gas
turbine engines and manufacturing method. Prototype impeller had good composite structure and improved
tensile strength. But the results were not satisfactory enough.
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Photo. 1. Structure of turbo-jet engine and impeller.
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Fig. 1. Results of stress analysis of impeller and
composite area.

Table 1. Impeller descpription.

Conventional impeller Composite impeller
Material 17-4 PH stainless steel | Fiber/aluminum composite
Density (D) 7.8%10% kg/m® 2.7~3.2X10%kg/m®
Weight 5.3 kg <2.0kg
Yield >1098 MPa Disk  >490 MPa
strength (Y) Blade >196 MPa
Strength 10.8X10% mm Disk >15.6X10¢mm
ratio (Y/D) Blade > 7.4X10%mm

LAE4E ACAC (FE 2.68%X10°kg/ m®, #HEFEMIRE
7.35X103MPa, ®7 V1t 0.33) OfEEFERA L.
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A E TN E R EFIE L MEFET, BRI 262
MPa C& - 7-.

2-3 SHEEHE & REEH

BT HER,2S T VI Y 4% FRM OBE Y
3.00X10%kg/m® L {RE LT L% eExR% 2.0 L L
T, BEA v RT—DBEL T H5ME% Table 10 &9
CERE L. ZOMEMEMICAL, BEE CTAKRINT
WA TV Iy A% FRM i35]385 & 500~1 000 MPa
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Table 2. Propertigs of alumina fiber

Crystal phase Spinel (7)
Chemical composition

Aly,03 85 wt%

SiO2 15 wt%
Physical properties

Density 3.2x10% kg/m®
Filament characteristics

Diameter 17 ym

Filament length Continuous

Filament/yarn 380
Mechanical properties

Tensile strength 1.8 GPa

Tensile modulus 210 GPa
Thermal properties

Max. use temperature 1 250°C

Coef. of thermal expansion 8.8%107¢/°C
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Fig. 2. Obtainable condition (preheat temperature
and pressure) for composite.
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Photo. 2. Scanning electron micrographs of cross
section of alumina-fiber presheet.
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Table 3. Tensile strength of alumina-fiber/alumi-

num composite.

Chemical composition (wt%) Heat Tensile
Alloy tre tr:e t strength
Cu Mg atmen (MPa)
AC1A 4.80 0.16 — 375
T6* 446
AC4B 2.30 0.34 - 165
AC4C 0.25 0.16 — 223
. Te*? 275
* AC1A-T6 510°C, 8h, water quench 155°C, 20h, air cool
*#2 ACAC-T6 510°C, 8h, water quench 155°C, 20h, air cool
Table 4. Manufacturing condition of alumina-
fiber/aluminum composite impeller.
Fiber Alumina fiber
Matrix Cu Si Mg Fe Ti
composition 4.3 0.19 0.12 0.11 0.14 (wt%)
Melting Weight 14 kg
condition Melting temperature 760°C
Pouring temperature 700°C
Preheat condition 800°C, 2h
Pressure 0.9 MPa
Heat treatment 510°C, 8h, water quench
condition 155°C, 20h, air cool
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7R O BB IREEIX 720~730°C THo7:. AC1A
BELUACLC IZo T, BEHRLEBEANS XU
bl (TeME) 2FEML ..
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Photo. 3. Macrophotograph of cross section of
alumina-fiber/aluminum composite impeller.

Photo. 4. Micrographs of alumina-fiber/aluminum
composite of impeller.
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Fig. 4. Samplying positions of test specimens for
composite impeller. Samples of number 1, 2 and 3
show different angle between fiber, direction and
tensile test load axis. ’
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Fig. 5. Shape and dimension of tensile test speci-
mens.
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Fig. 6. Tensile strength of different position in
alumina-fiber/aluminum composite impeller. The
angle between fiber (laminate) direction and load
direction are indicated by No. 1=0°, No. 2=90° and
No. 3=matrix area.
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Photo. 5. Scanning electron micrograph of alumi-
na-fiber.
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