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Abstract

Thermal property measurement of polymer sample depending on

surface roughness by using bi-directional heat conduction.

Duk Hyung Lee
Advisor : Prof. Oh, Dong-Wook, Ph.D.
Department of Mechanical, Engineering

Graduate School of Chosun University

The polymer material can effectively utilize the excellent mechanical properties
depending on the additive, and can realize a wide range of physical properties through the
design of the polymer structure. In addition to mechanical properties, it has attracted
attention as a material to replace metals because it has advantages such as transparency,
conductivity, heat insulation, water resistance, chemical resistance, fire resistance, and mold
ability. In order to apply these polymer products to the field, it is necessary to accurately
measure thermal properties.

Polymer composites have low thermal conductivity and therefore require high
measurement sensitivity. In addition, due to the anisotropy, the processing of the sample for
measurement should be minimized because variables such as the alignment and
agglutination of the additives, the sample size, thickness, and fabrication conditions affect
the thermal properties. Existing thermal property measuring device has a limitation that the
sample must be processed in accordance with the measuring principle of the measuring
device in order to measure the thermal property.

The conventional 3 wmethod has a limitation in that the sensor must be deposited
directly on the sample. However, the bidirectional 3 wmethod has a high spatial analysis
ability as a measurement method by depositing it on an individual substrate. In addition,

since the micro heat is used, it is possible to repeatedly use the sample.

viii
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Therefore, the thermal properties of solid (HDPE) and semi-solid (PDMS) polymer
samples were measured using the bidirectional 3 wmethod. The result of the change of
contact thermal resistance according to the change of the degree of pressure and surface
roughness was derived using the proven sensor.

As a result, it was found that the degree of surface roughness affects the result of
thermal property measurement, and it is considered that lowering the surface roughness
value will be an important variable for accurate and sensitive thermal property measurement

of polymer materials in the future.

Keyword : Polymer composites, thermal conductivity, bidirectional 3 wmethod, contact

thermal resistance, pressure, surface roughness
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bi-directional 3wsensor to measure II* 2& 1 253~303K, 1 ~ 25Hz
thermal conductivity of 100-u m MA 3 © Glass I8 1mm,
thick biological tissues." Au/Cr(t: 200/ 10nm, w:20pm 1:1.5mm)
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R, =04+aAT)=R[1+aAT,cos(2uwt+P)] Eq. (4)

R= o2 =J| M0l R,= €XMe0l Hatetol et Betol= &0Ith a=

olEfMEtel 2= H=+=0ICH. 24 2 dgs F0d Mt dFE sote 2E =

UL
V=1IR, = Icos(wt)- R;[14+aAT,cos(2wt+ )] Eq. (5)
L R.cos (wt)aA Tycos(wt+@) L Rcos(wt)aA T,cos (3wt + D)
= I, R;cos (wt)+ +
2 2
? Eq. O)UHAM XNASSZIIE S & EHE D 302 HS 242 SFEH 3w
FO+=E 8 M (V)2 IJNIE SHECZM OIS Eq. (6)1 20l 6o 2&H
StHE JAlbtg = UL 01248 OIRE SIEHA0l dAM2E SAl =80l Jtsgs & =
Ct
AT=2 V3w _2V3w E 6
T YalLR, “av, a. (6)
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Ml 5 Z Thermal penetration depth (TPD)
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Ml 6 & Contact Thermal Resistance (CTR)
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Z= MO Sl

CHOSUN UNIVERSITY

(a) Ideal (perfect) thermal contact (b) Actual (imperfect) thermal contact
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Table. 3 & &Hl SHIU AIE ZH|

Lock-in amplifier

3™ OOIH ==
(V3,) (Amplitude accuracy
: 1 % Gain accuracy £1 %
(0.2 % typ.) Noise (typ.)
6 nV/y Hz at 1 kHz

=3 3 R = NE &
WE AF (1) &

SR850

Multimeter

NHEHMEN S Y
=& L 308 A2 Sl
He =58 (AC Volt :

Z CH 0.1+0.04 %, DC
Resistance : 0.01+0.004 %)

34401A Agilent 6.5

Decade resistance box

3ol (Vi) FES FIE
Wela &MY (A : 0.01
%+2 mQ)

Yokogawa279301

Op-Amp

Sode =0IE MHE
Lt 0.1%)

AD524ADZ-ND

Op-Amp = & HIAM

DC power supply B Al ZOLO 0|2 DP30-10DU
ot & ME0
Push pull gauge OtoliXl= &£ =& (Xt | HANDPI - H20
+0.1 %)
Prove station 3ol Ml 2% & ME | MMVC3S
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1. Hole Xcl®

Table. 4 Lock-in amplifier Al &

Settings

Value

Description

Grounding

Float

ConFiguration for shield
grounding

Coupling

AC

Input coupling for signals
above 160mHz

Line Notches

Out

No line notch filter is
engaged

Sensitivity

5mV~1004V

Maximum amplitude of
measuring signal

Reserve

36dB

Minimum dynamic reserve
in our measuring
frequency rage

Time constant

1s~3s

Sufficient time constant is
needed for stable signal
reed out

Filter dB/oct.

24dB/oct.

Maximum slop of the low
pass filter

Synchronous

<200Hz

Synchronous filtering
enabled at frequencies
blow 200Hz

Sweep range

0.1 Hz to 200Hz

Scanning frequency range

Sample rate

200mHz

Sampling rate in
frequency sweeping mode

Scan length

160sec

Total scanning time at
frequency sweeping mode
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ASE MHoote EXle DERIA =] (Lock-in amplifier), JHHA N SEEA (decade
A

resistance box), HEIOIE (Multi meter), H&F SZI| (OP amp)E & & HRULH.

DHE S=I| (Lock-in amplifier)= 30 FE 0 dSEHEFR (1,)E S=0otH, ItH
MatetAQr MM 2to] &t HAMAES SotH 30dY 8t (V)2 TS D34
S=J| (Lock-in amplifier) &0 2t &TIt Zetd = JALEBZ 24 IS

Table. 40l ZAIGHO! LIEFSICH

Lock-in amplifiere S 2 {6t 224 P24 L ==& UHOIHE =&ot= |
OICt. Lock-in amplifiere LSNMI (1,)E S=0tH 3w A2t decade resistance boxE
AL =8E 229 308 (V3y)E X80t OO0IEfE =3SHC Lock-in amplifierOil
N Zdots 74 2 Sdote ¢t HEdil SsS 0IXI| 20 =8t 0IC
2Z8Z (AT) 20l 1 OIGHUIA =Eot)| |t E=d2S 1VE2 AFZRULH Lock-in
amplifier SV &= 30d8L (V30)2 X 2L E 26t Grounding, Coupling, Sensitivity
S22 Z&GIUCH 5 HRAQ Sweep range= Z A E 20|12 Z2&ot= =2 Fot
= BL0ICL dI2=JF &2 FRZ D EQ0IOZ Qg XIb SIte 2= QUCH
2 SZ2 g8 85F 20lE 10t Sweep rangeE 0.1~200HzO0lA =& SHRULCEH.

SwidlAel SIHEUWA SEE = 30d82 1 decade resistance boxOlM = &= 9
AXE 90% = WHES Sot0d ZFI}LCE 0lde Mg 2E2 JIHMEOl JtXI2
U= S referenceZ ot= HHO0IEZ 018 E= IJIHBEHES 2olls0l =0tEE 2
E ZAAZE = UL 2 SHUMN AMSE JIIHNE 2 decade resistance boxE 01 &6t
QUL decade resistance box2| ZoH=0l 0.001Q¢C! HHIE 015t SIEH&I X 5%
LHel gte 2 ZHUCH
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