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d u e to th erm a l ex Pan sio n
,

w hile the Po r e Pre ssu r e in e reas e ea u se s te n sile str e ss
.

T he re su lts Pro v id e a theo re tic a l

ba sis fo r the rat io n a ld e sig n o f ste am inj ee tio n Pr o g ra m
,

a n d the Pre v e n tio n a n d r ed u etio n o f c a sin g d a m ag e
.
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T he e hara
ete r istic o f a the rm al Pro te c tio n str u c tu re 15 v e ry im Po rt an t to an a er o

一
e r aft

.

It 15 n e e es s

ary to

e x a m in e the th erm a l stre ss o f th erm a l Pr o tee tio n stru e tu re esPe e ia lly th e in sta n ta n eo u s e ha n g in g o f te m Per

atu
re

.

T herm a lPr o te etio n stru etu r e u su a lly ha s se v er a l la ye rs
.

T his PaPer fo eu sed o n th e the rm a lstre ss o f in n e r str u etu r e
.

U n fo rt u n at e ly, in sta n ta n e o u s he at in g 15 a v e ry d iffi e u lt Pro blem e sPee ia lly fo r the m e as u r in g o f the th erm a l str e ss
.

T his 15 m a in ly d u e to th e tr o u ble o f m o d ifi c a tio n o f the se th erm a l str e ss d at a
.

In this Pa Pe r, a m e tho d o f

m o d ifi eat io n fo r m e as u r in g the th erm a lstre ss u n d e r w in d tu rm e ltestin g w as Pro Po se d
,

an d the fi n ite a n a lys is w as

a lso u se d to v e rify this te eh n iq u e
.

In o rd e r to re d u e e the m o d ifi e at io n e rr o r, w e te stin g m an y w a ys
.

Fir stly, u su a l
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.
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e o m Po n eni s o f e le etr o n ic d e v iee s
,

Se n s o rs
,

a c tu at o r s an d n an o e le c tr o m e eh an ic a l system s
.

Stu d ie s sh o w that fr e e

su r fa e es w ill affe c t the m e eh an ic a lb ehav io r s o f lo w
一

d im en sio n a ln an o stru etu re s s ig n ifi e
ant ly

.

T his m an u se r iPt in v e st ig at es the the r m o e las tie ben d in g an d bu ek lin g be hav io r s o f n an o be

am
s by

in e o rp o r at in g su rfa e e therm o e lastie ity
.

In the a bse n e e o f e xt ern a llo a d in g
,

th e re sid u a lsu rfa e e str ess w illin d u ee an

in itia lstr ess fi e ld in the bu lk o f n an o str u etu re s
.

A eo n tin u u m m o d e l
,

w h ie h inv o lv e s th e re sid u a l su rfa ee stre ss an d

the re sid u a l str e ss fi e ld in th e b u lk
,

15 Pro Po sed to an a lyz e th e the rm o
一

e la stie b eh av io r s o f n an o be
am

s
.

R e su lts

sh o w that th e su
rfa

c e stre ss an d the r esid u a l su rfa e e stre ss hav e sig n ifi e an t e ffe ets o n the the rm o e las tie be n d in g

an d bu e klin g be hav io rs o f n an o be
am

s
.
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M u ltiPhysie a l m at er ia ls w ith en e rg y harv
e stin g e aPa bility an d the lo w e st lev e l o f e xt e rn a l en e

rgy
eo n su m Ptio n ar e be ing d ev e lo Ped to re Plac e th e e o nv e nt io n a l fo ssil fu e ls

.

M u ltiPhysic al m at e ria ls ar e fr e q u e n tly

ea lled sm art o r ad aP tiv e m at e ria ls d u e to the ir ab ility to ac c u rat ely m o n ito r an d re sPo n d to eXt e m al d istu rban e e s
.

Th
e m a g n eto e le etro e las tie (M E E ) m at e ria ls ar e o n e o f th e a d v an ee d m u ltiPhysiea l m at e r ia ls w ith e o u Plin g am

o n g

elas tie
,

e le etr ie
,

an d m agn etie fi e ld s
.

Su c h m u ltifi e ld in terac tio n s e o u ld be o bse rv e d d ir ee tly in m u ltife rr o ies o r

in dire etly in Pie z o e le c tr ic / Piezo m a g n etie e o m Po site s
.

Re g ar din g the aP Plieat io n o f sm art m at er ia ls in v ar io u s

in d u strie s su c h as ae ro sPac e
,

tr an sPo rt at io n
,

g re en e n e rg y, w o o d s
tru
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an d bio m e e han ies
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th ey ar e su bj e ete d to

d iffe r eni 场g ro th e
rm

a l eo n d itio n s
.

A s a r esu lt
,

th e m ag n eto e le Ctr o elas tic b ehav io ur o f a rad ia lly Po lar iz ed an d

m ag n etiz ed ho llo w e ylin d er u n d e r ste ad y
一

stat e te m Pe r

atu
re an d m o istu

r e e o n e e
ntr at io n e han g e s 15 inv e stig ate d in

Pre se n t art iele
.

A n in fi n itely lo n g
,

ax isym m etri e e ylin d e r 15 e o n s id e re d fo r th e in v estig at io n to sim Plify the

an a lyt iea l so lu tio n Pro e e d ure fo r o btain in g e lo se d
一

fo rm so lu tio n s
.

T he e ylin d e r 15 a ssu m ed to be h o m o g en e o u s an d

tr an sv e rse ly iso tr o Pie
.

T h e e las tic fo u n d at io n bo u n dary
c o n d itio n s ar e a lso e o n sid e re d fo r th e in v e st ig at io n

.

T h e

g o v e m in g e q u at io n s in e lu din g e o n stitut iv e
,

Po te nt ial fi e ld
,

an d c o n serv at io n e q u at io n s ar e g iv e n fo r th e

stead y
一

stat e hy g r o th e
rm

o m a gn e to e lec tro elas tie an a lysis
.

D u e to th e u n c o u Ple d an a lysis
,

th e tem Pe r

atu
r e an d

m o istu re e o n e en trat io n d istr ibut io n s

are g ain e d se Pa rat e ly by so lv in g the Fo u rie r he at e o n d u e tio n an d Fie kian

m o istu re d iffu
sio n eq u at io n s

.

T he thr e e e o u Ple d g o v e m in g d iffe re nt ia le q u at io n s in te rm s o f d isPlac e m e n t
,

e lec tr ie

Po te n tia l
,

an d m a g n e tic Po te n tia ls w ith effe
e ts o f te m Per

atu
re a n d m o istu r e e o n ee nt r at io n a re so lv e d an a lytie a lly

.

T he e lo se d
一

fo rm
so lut io n s fo r d isPla e em e n t

,
e lec tro m a g n e tie Po te n tial

,
str e ss eo m Po n e nt s

,
e lee tr ie d isPlac e m en t

,

an d m ag n etie in d u etio n a re o bt a in ed
.

T h e re su lts ar e v er ifl e d w ith th o se av a ilab le in the lite r

atu
re in the ab sen e e o f

th e te m Pe r atLlr e
,

m o istu r e
,

an d e las tie fo u n d at io n
.

Fin a lly, th e n u m e ric a lr e su lts ar e g iv en to d e Pic t the e ffe e ts o f

hy g r o the rm a l lo ad in g
,
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