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w u=} QH s} SQ ẁv Q}}eD |OQwNQ@ |=yCH QO xHwD p@=k |=yC} Rt R= |m} "OvQ=O
|=Q@ """w xLiY =D pR=v |xrY=i '=yCH V}=Q; 'pR=v pmW Q}_v |UOvy |=yQDt=Q=B
|=yOQ@ Q=m |OQwNQ@ |=yCH "CU= Q_v OQwt CQ=QL p=kDv= u=R}t x@ |@=}CUO
=yC} Rt u}= &OvQ=O uOQmlWN wV}=tQU 'V}=tQo Q}_vhrDNt `}=vY QO |Q=}U@
OvQ=O |O=} R CQ=QL p=kDv= lJwm O=a@= ^=Lrx@ xm uQOt |m}vwQDmr= |=yG}mB |=Q@
C@ w]Q uOQ@u}@ R= |=Q@ uOQmlWN Ov}=Qi QO |OQwNQ@ |=yCH,qwtat "Ov=?U=vt
|R=o |=yu}@ QwD QO |Q=mlvN =@ \@DQt =yOQ@ Q=m u}= R= |m} "OvQ=O OQ@ Q=m K]U
CavY QO xkqa OQwt |=yCH R= |}xvwtv |Uvqw@ QwD |Q=}W |=yCH "CU=
hrDNt |L=wv =@ x=Qty |Oa@ wO |Q=}W CH l} R= |m}D=tW 1 pmW QO "CU=

[1]"CU= xOW xO=O u=Wv u;
%Q}_v 'hrDNt |=yxw}W R=|rLt|}=Hx@=H CQ=QL p=kDv=?} Q[|@=} RQ= |=Q@
|xOwOLt QO |Q=}W CH R= CQ=QL p=kDv= |UQQ@ |=Q@ "OwW|t xO=iDU= [2]=mwD=m
xOW xO=iDU= 1`}=t l}twQmwtQD p=DU} Qm VwQ R= 6000 =D 3000 ROrwv} Q OOa
u}= R= "OwW|t xO=iDU= `}=t |=yp=DU} Qm R= |}=tO |xWkv |x}yD |=Q@ u; QO xm
V}=tQU uwv=k R= xO=iDU= =@ xm OwW|t xO=iDU= C@=F |DQ=QL Q=W =@ Kw]U QO VwQ
CQ=QL p=kDv= ?} Q[ 'xOt; CUO x@ `}=t |=yp=DU} Qm R= xm |}=tO |xWkv w uDw}v

pw�Ut xOvU} wv �
"1392 7 20 VQ}PB '1392 7 14 x}LqY= '1391 8 29 Ci=} QO %M} Q=D



"""p
=kDv=

?}
Q[

u}t
ND|

=Q@T
wmat

V}
=tR;

|L
=Q]

"OQwNQ@ |xLiY R= |m}D=tW "2 pmW

s=o uwJ |tyt |=yQDt=Q=B QF= |UQQ@ ut[ xt=O= QO w xDiQo Q_v QO 2 pmW
'OQwNQ@ |xLiY Ct=N[ 'QD}y |O}rwD |DQ=QL Q=W Q=Okt 's}_vD QDt=Q=B '|v=tR
|=]N Q=Okt x@ xHwD =@ ,=D}=yv 'Twmat V}=tR; |L=Q] QO """w =ypB wmwtQD O=OaD
Twmat Cr=L |=Q@ "OW ?=NDv= Q=PoQF= |=yQDt=Q=B |xv}y@ Q=Okt u}ov=}t \UwDt
"CU= xOW xO=iDU= �� |Uw=o `} RwD =@ R} wv pt=W �� xOW |R=Ux}@W |=y=tO R=
Twmat pL |=Q@ w ANSYS |m}i=Qo \}Lt R= xr�Ut s}kDUt pL |=Q@ u}vJty

"CU= xOW xO=iDU= Q=Ri=sQv u}= APDL |U} wvxt=vQ@ \}Lt R=

xr�Ut h} QaD "2
|=yCH |rLt |}=Hx@=H CQ=QL p=kDv= ?} Q[ |Q}oxR=Ov= =y|UQQ@ u}= R= hOy
V}=tR; |L=Q] "CU= Twmat CQ=QL p=kDv= VwQ R= xO=iDU= =@ |Q=}W |OQwNQ@
xO=iDU= Twmat |=yl}vmD R= xm CU= |}=yV}=tR; |t=tD |=Q@ |QwQ[ <RH l}
|=y=tO R= xO=iDU= =@ TBU w OwW |yOpmW s}kDUt |xr�Ut O}=@ =OD@= "Ovm|t
"OwW xOR u}tND |DQ=QL Q=W =yQwUvU |=Q@ xOW u}}aD pLt QO xOW |Q}oxR=Ov=

4l@ |r=wDt `@=wD u}tND |}xr=@vO VwQ "3
VwQ u}= QO "CU= |OQ@ Q=m Q=}U@ w |}xr=@vO VwQ l} Q_v OQwt Twmat sD} Qwor=
|}xr=@vO VwQ R= xO=iDU= =@ q1(t); q2(t); :::; qP (t) |=Q@ `@=D P u}tND hOy
Q@ xOW xDUUo <RH M R= '|@}mQD `@=wD R= l} Qy xm CU= xOW ZQi "CU= l@
xOR u}tND s=M � 1 <RH OwW|t ZQi xrLQt Qy QO w CU= xOW p}mWD u=tR
|}xr=@vO VwQ QO "CU= XNWt tm�1 u=tR QO sUH pN=O QO =tO `} RwD w xOW

%�3 pmW� OwW|t ZQi ,=Dkwt l@
qM = qM+i�1 = cte i = 1; 2; :::; r
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f =
rX
i=1

JX
j=1

(Ym+i�1;j � Tm+i�1;j)2 (1)

u=tR QO s=j QwUvU =@ xOW |Q}oxR=Ov= |=y=tO Y '=yQwUvU O=OaD J u; QO xm
|}=tQo pOt s}kDUt pL R= xO=iDU= =@ xOW x@U=Lt |=tO T w 's=M + i � 1

"|OQwNQ@ CH l} R= |m}D=tW "1 pmW

|=yVwQ "CU= 3Twmat CQ=QL p=kDv= |=yVwQ R= xO=iDU= |O=yvW}B VwQ
|=yVwQ =yv; u=}t QO w 'OvQ=O |UOvyt w `}=vY QO |O=} R Q=}U@ OQ@ Q=m 'Twmat
|xr�Ut "CU= xO=O X=YDN= OwN x@ |}xv=o =OH |xN=W 'Twmat |DQ=QLC}=Oy
'|RQt \}=QW uOw@ swrat =@ xm OwW|t xDio |}xr�Ut x@ s}kDUt |DQ=QL C}=Oy
pL Q@ xwqa 'sUH uwQO |DQ=QL `@vt w sUH |xUOvy '|m} R}iwtQD X=wN
QO "OwW XNWt sUH uwQO =tO `} RwD 'sUH uwQO |DQ=QL C}=Oy |xrO=at
Ovv=t� |RQt \}=QW xm CU= |}xr�Ut 'Twmat |DQ=QL C}=Oy |xr�Ut 'p@=kt
[11]sUH |xUOvy R= |WN@ '�[10w9]|m} R}iwtQD X=wN [8�6]'=tO =} |DQ=QL Q=W
R= xO=iDU= =@ =yv; |=Hx@ w CU= swrat=v [12]sUH uwQO |DQ=QL `@vt u}vJty w
R= "OwW|t xOR u}tND CqwyHt 'sUH \=kv R= |NQ@ |xOW |Q}oxR=Ov= |=tO
|xr�Ut l} Twmat |DQ=QL C}=Oy |xr�Ut xm xOW C=@F= |[=} Q Q_vx]kv
QO nQR@ |=y=]N O=H}= Ea=@ =yxO=O QO lJwm |=y=]N xm =QJ 'CU= `[wO@
R= =y=]N u}= uOQmQ=yt |=Q@ u}=Q@=v@ "OwW|t xOW x@U=Lt |DQ=QL Q=W |xJN} Q=D
|DQ=QL C}=Oy p�=Ut pL |=yVwQ [7w6]"OwW|t xO=iDU= |R=U?DQt |=yVwQ
"xvt=Os=tD |=yVwQ w|}xr=@vO |=yVwQ %OwW|t s}UkD xDUO wO x@ ,=twta 'Twmat
xm |r=L QO 'Ov=xDi=} VQDUo xOLDt Cq=}= QO |}xr=@vO |=yVwQ |N} Q=D ^=Lrx@
|}xr=@vO |=yVwQ C:} Rt u} QDsyt "OvOW xO=O \U@ x}UwQ QO xvt=Os=tD |=yVwQ

%R= CU= CQ=@a xvt=Os=tD |=yVwQ Q@
&OQm xO=iDU= u=tRty Qw]x@ u=wD|t |}xr=@vO |=yVwQ R= "1

|}xr=@vO VwQ '=tO x@ |DQ=QL X=wN |oDU@=w p}rOx@ |]NQ}e p�=Ut QO "2
&Ovm|t sy=Qi =Q xr�Ut |R=U|]N u=mt=

"OQ=O |QDsm |D=@U=Lt u=tR w x_i=L x@ R=}v |}xr=@vO VwQ "3
|}xr=@vO |=yVwQ R= QDW}@ xvt=Os=tD |=yVwQ C:kO xm CU= |r=L QO u}=
u=}O=Qo VwQ &CU= GwORt u=}O=Qo VwQ w wvwN}D s}_vD |}xvt=Os=tD |=yVwQ Q}_v
xm |r�=Ut |=Q@ s=tD C}kiwt =@ xvt=Os=tD sD} Qwor= l} u=wvax@ u=vJty GwORt
hOy [7]"OwW|t xO=iDU= 'OyO|t VWwB =Q RQt R= |oQR@ CtUk *|RQt \QW
Qw_vt |OQwNQ@ |=yCH QO� Q_v OQwt |xLiY QO =tO |Q}oxR=Ov= xar=]t u}=
|=Q@ "CU= |i=m Twmat CQ=QL p=kDv= VwQ R= xO=iDU= =@ �CU= OQwNQ@ |xLiY
|wQ Q@ OW=@ u=U; u; ?Yv pLt xm |v=mt QO =Q =yGvU=tQo u=wD|t Qw_vt u}=
u=O}t� p=}U pN=O QO =tO |Q}oxR=Ov= x@ xm u; uwO@ O=O Q=Qk OQwNQ@ |xLiY
|=ypLt QO =tO =OD@= CU= u=RQ= w xO=U Q=}U@ xm VwQ u}= QO "OW=@ |R=}v �u=} QH
Twmat sD} Qwor= l} R= xO=iDU= =@ TBU w OwW|t |Q}oxR=Ov= =yQwUvU ?U=vt
CQwYx@ =Q OQwNQ@ |xLiY "OwW|t xOR u}tND |}=Hx@=H CQ=QL p=kDv= ?} Q[

32



|QF
wmO

=WQi
w|

v=y=Q
i|

O=@;O
w=O

x}tU

|OOa pL sD} Qwor= "4
C}U=UL?}=Q[ 'tm u=tR QO |DQ=QL Q=W s=m <RH uOQmXNWt |=Q@ =OD@= "1

%OwW|t x@U=Lt ~q |DQ=QL Q=W |=yxir-wt R= l} Qy x@ C@Uv |}xrB

[X]r�P =

266666664
@Tm
@q1
m

@Tm
@q2
m

::: @Tm
@qPm

@Tm+1
@q1
m

@Tm+1
@q2
m

::: @Tm+1
@qPm

...
... :::

...
@Tm+r�1
@q1
m

@Tm+r�1
@q2
m

::: @Tm+r�1
@qPm

377777775
&t = 0 u=tR R= ẁQW "2
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XNWt |}=Hx@=H CQ=QL p=kDv= ?} Q[ u}tND |=Q@ xv}y@ V}=tR; w 'u}}aD =]N
|}=Hx@=H CQ=QL p=kDv= ?} Q[ |Q}oxR=Ov= |=yVwQ R= |m} OW xDio xm u=vJ "OW
?} Q[ u}}aD |=Q@ "CU= |rN=O |QDt=Qi VwQ w l}twQmwtQD VwQ R= xO=iDU=
pN=O QO =tO `} RwD |Q}oxR=Ov= p}=Uw =yVwQ u}= =@ CH |}=Hx@=H CQ=QL p=kDv=
s=Hv= x@ QO=k q=@ |=tO =} q=@ Tvqw@ QwD Q]=Nx@ |y=o "OwW|t |Q}oxR=Ov= p=}U
CU= |i=m Twmat CQ=QL p=kDv= VwQ R= xO=iDU= =@ xm |r=L QO OvDU}v Q=m u}=

=yCWwv=B
1. Thermochromic liquid crystal (TLC)
2. Interframetry method (IR)
3. inverse heat conduction method (IHC)
4. Beck's sequential function speci�cation method (SFSM)
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