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Inverse Estimation of Thermal Properties for APC-2 Composite
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Abstract

The objective of this work is to estimate the temperature dependent thermal properties of the APC -2
composite using a inverse parameter estimat ion technique. The present inverse method features the estimation
of the thermal conductivity and the volumetric heat capacity, which are dependent on the temperature inside
the composite. Furthermore, the thermal conductivity is directional ly dependent because of the aniosotropy of
the composite. An on-line temperature measurement system with a suitable method of heating is built. A
composite slab is fabricated using thermoplastic prepreg for the investigation. The corresponding computer
code for evaluating the thermal properties inversely using the temperature readings transmitted from the
measurement system is developed. The parameterized form is used for the rapid and stable estimation. The
modified Newton’s method is adopted for the solution technique o f the inverse analysis. The estimated results
are compared with the measured data from a previous study for the verification.
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Table 1 Location of sensors

Sensor Location
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Fig. 1 Experimental setup
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Fig. 2 Picture of the composite and
the heating foil
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Fig. 3 The measured temperature at sensor
1 without heating

a_Tz_a_( xzz]+i(k‘,@_z] (8)
a o\ Tox) vl Ty
T(x,y,0)=T, (3b)
Z271&%E T, 28.1°C o)},
a—Tzq”, 7t4 Ag (3¢)
on
A4 /% ¢" & 15800W/m* o]t}
-0, w7t Ay (3d)
AEdE EAE A3 BEAZ B & Jded,
EAgrEE AdE 259 SHYE 2& A9 AR
o] o2 Folzir
= ¥ [m@)-rp @)

714 N, & AX9 Aol N, & shte AA
A Azl mek 2dd exd fojt Ea
7.9 v, = 242k HA AME 2= £3E &
Tolgt QEALE EAld #FHHE uASFE A (1)
I A (2)9] 7 Y oARASFEoT o] HER
L}E}L{Hﬁ ‘4%3’—}} k=
f=\. 005
=0k 1k 00k,1,Co0C), Co } ®)
wep 248 2ol oAVt YRS sy
At 259 24H 2% X &y Po]
B & k.
T,-Y, =0 6)
AE 59 EF Hxolt, ez J
4 X3} ERE g2 go] HRAY & Jop
J<G'NN, 1)
A9 ol A3y ke FWIn ERHoZ

l‘l F
_!l)l'
ox

——Sensor 1
120 == Sensor 2
== Sensor 3

""" Sensor §
- #—Sensor §
<=v= Sensor 7

Measured Temperature (°C)
=4

Time (s)

Fig. 4 The measured temperatures

71 A& B35 ¥ 2gAYE o)8d mEUHE
AHEEATY FEYEE S8 e T
219 wiEse] 3 g9 EFd5Eo) dasicth
Z, 7of e 9 Hessian FH& Fafiof 3t}

Tl WE) = u}—°—r+ zz} ] g€
—-NiN 2r, - ,,—67 (8)
HEASVZ Seid gl =35 b v gen
dol B} AHE TNUL B FY & AT
q714 17 9 17 & 9&3 g

L =T fi+ s fy) (10)
T =T (S fi = B fs) (11

A= L ol 323 FL Fs & F3h] 2A
gk F, Af, =cf °lth :La}\,} HEE A 3R
Fol i ol uwie AL Afole A

& 2 §@E AL
A =107Af, A, =107Af, M =107 A1,
Af; =107 Af; (12)
Hessian & 2 ;f;} g FAsd g3 @
8°J T, oT,

¥, _Z?"éf" )

293 BAY A4L ol$5H WHY whe ¥
Z WAL ANY ¢ AxH, B A4S ogad
Ao ©

oy |
o, =0 {[afmaf,l } (14)




Volumetric Heat Capacity (W/m C)

AGAR 7)HE o8 FPAEY dEHAY A 677

Invesse Estimation

-— 95% Confidence Bound
8

Longitudal Thermat Conductivity (W/C)

Temperature (°C)

Fig. 5 The longitudinal thermal conductivity
estimation
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Fig. 6 The transverse thermal conductivity
estimation
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