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The purpose of this paper is to present a method of material design for the weight reduction, the
high thermal radiation and the relaxation of in-plane thermal stress and centrifugal stress in a
rotating disk without hole composed of functionally graded material (FGM) with arbitrary thermal
and mechanical nonhomogeneities in the radial direction. The disk is subjected to an intermittent
heating in an annular region near the outer radius and has an arbitrary variation of heat-transfer
coefficient along the radial position on the upper and lower surfaces. The transient temperature field
is analyzed by modifying Vodicka’s method for one-dimensional boundary value problems in com-
posite regions and the thermal stress and centrifugal stress are respectively obtained by solving
approximately the equilibrium equations expressed in terms of the displacement component. The
material design is carried out for the rotating disks composed of Ti+6 Al+4V and SUS 410 FGM,
and Ti+6 Al+4V, PSZ and SUS 410 FGM.

Key Words . Thermal Stress Reduction, Functionally Graded Material, Nonhomogeneous Rotating
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Fig.1 Analytical model for a FGM rotating disk
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Fig.2 Intermittent heat load
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Fig.5 Transient thermal stress distribution
for Ti+6A1+4V/SUS410 FGM
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Table 1 Material properties®-®<19

SUS410 PSZ Ti+6Al+4V
Thermal Conductivity
2491 1.67 8.0
A [W/(m - K)]
Young’s Modulus E [GPa) 200 211 109
Coefficient of Linear Thermal
11.7 2.93 8.40

Expansion a X109[ 1/K]

Density o [keym?) 7750 5730 4430

Specific Heat c [kJ/(kg * K)] 0.461 0.467 0.510
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Fig.4 Transient temperature distribution for
Ti+6A1+4V/SUS410 FGM
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Fig.6 Transient thermal stress distribution
for Ti+6A1+4V/SUS410 FGM
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NEBEBERLEDOTHD. fiv BEETIMHRH Ceramic rich 0.75
ZixcERDoE.

Table 2 Comparison of weight 1
i Psz
Composition pattern Relative weight EoA ........... n
2 .
SUS410 homo. 1.0 g
50. 6
SUS410 homo. (3€) 0.85 .
Bimaterial 0.85 §0.4 ~——
Linear 0.94 E 0.2 .
. . ange part
Ti-6Al-4V rich 0.89 § o
Ti-6A1-4V poor 0.98 %762 04 066 08

g

(3%) A disk having eyebrow-shaped holes )
Fig.7 Volume fraction distribution for a design

42 Ti+6AAV,PSZ & SUS410 & AL EIBE , with three materials
WEE ECOREBEENL T 5 Y VMOKERE P
WIS E@NI ¢, POBTEEDIETOL> % 2] coramio rioh /)
PRBE RSB, ERAEZOMDLSIT 5> ol gt g2

VLD WAEREF Y AL 100%L L, 750D

fRid SUS410 £ PSZ Z AW, PSZ2EL LS I w =

I vF (—RS#R) LPSZEDLRILEESI VY

77 () D239 -2 252, FILARLD

EOHTR, RIERABOZR /NI T2, HE .

AE % SUS410:60%, PSZ:40% & U=, 0.10.2
MeiXT=9 LB B BENGTHS. COMERD

&, PSZZREEE, PSZ DEEHUEH SUS410 &

DHNEWEDI, 72570 PHOBRHEREIEL 2o

W, FYUASEREFERALTWARERATOEER

Fig.8 Transient temperature distribution
for Ti+6A1+4V and PSZ/SUS410 FGM
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Fig.9 Transient thermal stress distribution
for Ti+6Al+4V and PSZ/SUS410 FGM

Y FIZY B L RKREMIS D) 38% BT h TV 3.
RILZDBAOHNERETRYT. R2LbDET

—125—

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

350 TERHSREM BRI R O BUS B FIM RIER A
3 0.7 — -
2E 0.6
1 E -—Ceramic rich ]
05\, Ceramic poor J
°| = S
P i o 0.4 ‘\‘ ’
b e o™ D ~
| N 0.3L ' T
b Torame rien 0.2 IR
——8Bimaterial N
—4f ——SUS4T0 homo. 0.1 R
(=9)
Soi0z 04 06 0.8 1 %75z 04 0.6 0.8
4 4
Fig.10 Transient thermal stress distribution Fig.11 Centrifugal stress distribution for Ti+6Al+4V
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Fig.12 Centrifugal stress distribution for Ti+6Al+4V
and PSZ/SUS410 FGM
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