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Dynamic Thermal Stresses in a Functionally Graded Material
with Temperature-Dependent Material Properties

Naobumi SUMI and Yoshihiro SUGANO

This paper is concerned with the dynamic treatment of thermal stresses in an infinite plate of
functionally graded material (FGM) subjected to uniform impulsive electromagnetic radiation.
Heating is assumed to be a step function in time, and to diminish exponentially with the distance from
the exposed surface of the plate, assuming negligible heat conduction. In treating problems, the
nature of the stress-wave buildup in the absorption plate is studied for the case of a temperature-
dependent solid, i. e, when material properties vary with temperature. The numerical procedure
employs the characteristic method based on the integration of the governing equations along the
characteristics. Numerical examples are presented for several PSZ (partially stabilized zirconia) /
SUSses (type 304 stainless steel) FGM showing the significance of the dynamic effects and the
temperature-dependent properties of material to the thermoelastic material design of FGM.

Key Words: Nonhomogeneous Thermoelasticity, Temperature-Dependent Property, Functionally
Graded Material, Dynamic Thermal Stress, Wave Propagation

1. #& B

RS e B FR B T CRTE OB JIEM = F3R &
37 OERBSEEREH(FGM) ik, £ 7 EABHHE K
DNk bIELLELSTAHEMBTHY, 12
FGM DO EWIHE BB I ERE, RBEBEEDIEE
W S DOTH B, FEOMEEBIRBREFNE
DEENRKE L, BISHBERNEERN L35 FGM D&
BHERL AR ORI T, EEORBEREEZER L
BT DBHBEETH S, LHrLAns, BITO
g & 0 o M EROBERENHER S Lz FGM
DIEEHEBSHOPFERI D2 L, B S X BIEHE
e A - EEHRE M EO, RIS L 2 ERERE
PO EBHSEFR? O ESRZT o 2B E
TH5,

€, WHEOEREE, v -, v REORS « T
& o TR OEENICNEMEE 21 52358, M
RN I 2 ETER A R BRI B T SR L, BUSTTED
ERPRETORY ETHICL > T, RIS

* 1994 4E 11 )] 9 F1  FHENEREE B W THE, RWRZA
1995 4 2 H 23 H.

R, BMOAEEEEE (B 422 FiETRE 836).

2O, HTKETEE (8020 BT _LH 4-3-5).

ED LEMOERSOKR S R ERIEEMER AN, B
BHEEHLTREOWRFELZSINLTY
2O~ —fgs BUSIERAERME AR L SR A
Wwes 3y oA BERMCEBERL, k7 Iy 7R
25 SBA DR & BRI L X B TR TS
BEANVCEREED LR BT -7 Y T8N
3, FOH, EEMETHEZLT Iy 7 AICED
ZBERISHOBRIIBD CTEEL %2, LrLEHS
Zh E CHEBHSEEM I OBIBIE T B R 2K - 126
T,

AFge-Ci, BRI S & 0 EBAC NSNS E
213 B PSZ/SUSs0. ERMEEHE AR O Y E DB K
FHEER L CEBNEILT B, REfREO-0 2
WTEEIETT 5 Z LI & 0, BIEGTRERIIC RIZ
THEEROBEREEOEENE » ERNICKRET
2., F1z, EO &S BRI S EIEG ] DRI
B EWSBEDPO DFEEEMZ 5.

2. FEOERILE L UERR

TR & 502, B <0, 9IIRE Tic B
THEEH O IREEI D 2 B S h OEFHREE TR
S, BER £ =0 OB Z DERE (x=0) » 5> BHE T
NF — BB SN B BEICEL 5 —RITERY

— 188 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

MEERDBEKRFIESER S M- ERHEEE TR O BN BT /1A 2297

BIL N RN T 5. 2 ORBOEREE DRI, [ %
MR, « 2 EECER c 2 BEEORIIEE L
35 & &, BILBUCEET B ERERRR (40 =1 /) X BUG
FETIZ BT 2 BERER (b= lc) W~ TIEHE I
K&, LEd> T 7 AF—BENC & 2 E8EY A
MAMMEE L CACEERBHATEL L Xd Db, &
1z, BRET ANV X — OWEETRFRE tp IR 6 Ik
~NEOTHEL, BE LRERFHMCE TV IBERTS
Z 5, ZEEC BERBEERCERL T 20, L
> T, FRX TOESHEREER O BESFIIRR TE
5.

T="To+ TaH(t)e“”’ ........................... (1)
22T, To B FIROVREE, T. 3B 2V F—
EMBIOHBEIC LV RE 5 3NV F—BNEHTO—
FERELERTHY, | 3 AN F—RINOEMIERE T
Y, H(t) 1 Heaviside DA T v 7EAMTH 3.

8T, MHEMEREBE, X7V ity BERRE o,
EE oI EEry LIBE T OB TH 284
D—RITENBIGHRE T 2 ERNIERNTE 2
5hb,

ov _ 00z

pW_ ax ....................................... (2)
90z _ @_ i .....................

Vadd L, 0z biﬁﬁﬁﬁﬂ, v IR TFERETH H, Cuk
BIERATEHZEINS,

__ (-»E ___E
Co=Tr G5 A==

K(2), (3)1% 0z & v ICBF 5 DHTEL 1 BEIRR
MAFBRTH Y, (x— 1) FEICB W TR
HE (I, I7) > TR IR Gt L)
TEZbhB, Thbb, BHEHgE

dt )

%—V c—“, ([+,I_) ..................... (4)
% 7, BEHE SRR LR TE 2 S h 3 ®~00,

I dor—voCn a’y:-ﬁW adTdt - (5)

T
Metal
h E(z,T)
v(z,T)
a(z,T)
Ceramics 0

Fig.1 Functionally graded material plate
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Fig.2 Characteristic network for numerical procedure
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Fig.3 Volume fraction V» and V. for (SUSsu) and
(PSZ)

0

opsz=6 070[kg/m?], osus=8 000[kg/m®]

ZD & D HHEES % b DIERBEEEM B O AR M
REK, & AKEERE G B L UBREERK o1&, X
HOBRKRBL T BICEEMENC X3 % Mori-Tanaka
DOERD I IO KD,

K=Kn+&(Kp—Kn)3Kn+4Gn)
J[3Kn+4Gn+3(01—EXKp— Kn)] -+ (9)

G=Gn+&(Go—Gn)[5Gn(3Kn+4Gn)]
/15Gn(3Kn+4Gn)+6(1—E)(En+2Gn)

X(Gp— Gm)] errererrrereemenmmnneiiininnn, (10)
a=Eap+(1—E)an+E(1—E)ap— an)(Kp— Kn)
[[B3KpKn/4Gn+EKp+(1—E)Kp] -+ (1)

122, EEBWTTERF B LU m O v/
fi3, TNPNET B L CERIEOMEEEET. Ch
S OROBAI BTz > Tid, BEIEN50% %82 T
WBIED BE, S0%LAT DI > 2B T OME &
Lz, ok, BERBEESIICL DEHL 2,
BlEETEICH 12D, ROBERTE R H iz,
x*=x/h, t*=cot/h, [*=Ih, T*=(T—To)/Ta
E*=E/[E,, v¥=y/w, a*=ala, 0*=0/o0

1—w — 1—w 1 v
a’oEo Te 1+ v a TaCo

EXTCACER L THRFO, a D /-#R LT
Sy ADRBRE T, T, B I 5EE2RL, HEHE
BT To=300K, T.=500 K 2F/H L 7. EMih
RO TR, B TRROEE & oL %
BT A L LD 4t¥=0.002 BT, ZDEE,
EROSERE N TRERFEEZFRLZWHET
Bzt LT 1/0.002=500 53&l & 7 % 23, BEKRFHE
EHE LAY EPROBE R TREEOES VI X
>TERS,

413 (1) & 2 FIROBE 5 % Rt aRE /*
BT A= ELORT. =05 OFE, FAROFES
F B ANVF XD MESh, INBHE x=028

(c¥, o¥)= (6z, 0y), v*

800 ;
3 T=Tg+TaH()e™
F 200 Tg=300K, To=500K
I'=lh \
600} —
— I'=0.1
500 0 F‘l—a r k
>
400 - .
300 L :
0 05 1

Fig.4 Temperature distribution along x axis
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Fig.6 Variation of @ along x axis
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Fig. 12 Variation of 0§ versus t* for FGM (b)
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