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Abstract

Laser flash method have been widely used for practical measuring method of thermal diffusivity. And it can be
used for measurement of non-conductive materials as well as conductive materials and also for measuring thermal
multi-properties. We have analyzed effects of error occurring during measurement of thermal properties in order to
enhance measuring accuracy.

Also we have studied delay time between measurement starting time with synchronizing signal and laser oscillating
time, because it is important that measuring a time to rise temperature of specimen from room temperature to a half
of measuring temperature at measuring a thermal diffusivity by laser flash method.

We could reduce non-uniform heating error from non-uniform energy distribution by developing 3D uniformizer to
eliminate non-uniform heating error.

We have measured thermal diffusivities of POCO AXM-5Q! and Glassy-Carbon which are standard specimen of
NIST(USA) and candidate standard specimen of NRLM(japan) respectively for laser flash method. Maximum error fell
within 2% for POCO AXM-5Q1 graphite and 2% for Gilassy-Carbon. Those results showed error decreasing methods
were effective.

(Received June 25, 2002)

Key Words : Thermal diffusivity, Laser flash method, Thermal property, Thermal multi-properties

AsHA e she Fa% 71§ EAE0I

53], FHIde ARG EE3 3 slAz,
gaE g, FEEAR 5 93 540 948 A
27 NEE AggFelE, tololRs uie & B
717 A5 Mol A Fgdol| wet Ak
o] F7p71E dig 877 92 F7kE 1 ]l

#olA dahe 1961 Parker''7} ¥HAIZBE & A

AL

ARALEl el W) g B3 Aol 53 7154
A2AEe] AdHz oy olF ALAE g B
g5 BAZ4e gaAdo] Fuida Utk Awe €F
EA4L Yehlls 8% d84ess dHF, €

A=A, Hg, e ol sled og EE4
e A7), EANg, oA, AARi, 9
A, T, A2AMe], AFAY 2 AT
Tehiol 5 7]12A10A Ao o|2717A] B

816

A ol #HolA 7]&e] WeF tEe] §43 Ky
o] gt} o] WYL 1A wAY dee] A= B
g ol g3l A&dta A FHUE 4=+ A
T @Hrst AsAT 2 983 WA= W

Journal of KWS, Vol. 20, No. 6, December, 2002



HolA A o] 4§ Al F3A eataQld EMAT

93

Hegx FHege @At F3o] 7Fssta HolH
FA5o] &olsln] AlHe] A7)E AT + e 12
% A2AME FHo] 7FeT ¥ ohz A=A HA
=49 F4o] 7hedid.

azyg ol3@ FHelE Bl o3 9= A
&5 2oyA] H2dolAe] @9 A BX B
d 23}, #HolA AN AAd wWE AALAE &
Q. Hagees 54 A= FEE 7lslaA o

2. 2A00E =4
2.1 20| Z=ARA|ZE XA 2}

Hlo]A Aol AHEEE Nd:YAG laser 5 22
glo]A = #HelA w7 AojFA oM AHE-stna} e E
2Z 9 ZAlA] 21E A%, old AT ZAl
YA7} FAE 3 AZTEAY7| oM HolAFAE AT F
NNEE TYAA dolALF Ao FA|e] FAFeE
A F714 %] 8 FAlel #HelAZ 2AEA €
t},

olg}do] FrAZe] W OoBRE Ho|A {o] ZA}
so] Alg EHe] F4H7) ARE|7A A71A Am
Adel AQA S nBjehA] ¥a F71AE EH AR
< AEo|He oy F4 AlFLR sl FEMASF
£ A28 2% 4t A 2 AMEY AlRe] A
7} 283 FHA £3 Aol AlA Qe wE 5%
L3l7} AA 7] Wi AL FE FHE S
of ole] mej7} Wagoe] Al71€u A,

22 #lo|x "ol 27 Fxo ost 2%

go|a] Hifele Alge] AW ZAEE e
oA oz ¥} gdsie] AlgEHe] FLEA 7t
deche 7H el deibeE AEdta o §
2 P2 golAe thERsdA $757] wfio g
qUA T Al =, ol2igt Aol ueg F
A4 5 9 8 exv} BFds 335z, A
go|de] £x oY FAL o] EF4T HALE ZHA|H
el 233k LaHE SAEHA ot

olglzto] EFUF #olA we] oA FExAde

g e d&lkd dE AFAFE (NRLM)E
Baba £7& Nd:Glass #lo]4g] #o]# ¥ £xE4

< FHos s EFYLE HolA WE A
2 735 A4 BAle] =S AR wep
Adle el AuAE SRS bl T

KEEHEEMAEE B20% 6, 2002F 128

3. AgEA

g

o

Clg
3.1 2llolx =AMAZE XA FF

glo|A AR A EH4E SHs] Slsid 4
FAA= Fig. 13 20| 7331900 A@FA o] AL
¥ Nd:YAG #olA 2 #4149 AlE Table 13
Table 2¢] Z}z} JeRiRIH.

Fig. 1¢1A 5714137} Nd:YAG #le|A ¢ 7lsiA]w
o7te] A|AAIE ¥ oA B D golA =
ol £2 ¥ vl 4 FAHRE 8l AlBd
ZAEA ot olw ¥HEI gRAEoA WAl W
14 Si FAAAN AR Ho| AR 2Tt ST
£ 2JA Eo

olgigt ¥ FFA| F7IAE, AYH WA 2
1% Si AAe] EEHE 15 YA 248 AT
et FIAZERE HolA FARAS AAAME
T7& 5 A 8ot

Optical fiber
———————————— I

Maode mixer
—fr= }

Radiation
thermometer

I
Specimen

Transient digitizer &

High—speed

Personal computer

Si detector

Digital oscilloscope
Pront out s -
Z—/
o

Trigger signal

Fig. 1 Measuring sys. of laser pulse delay time

Table 1 Spec. of Nd:YAG laser

Manufacture

Physics instrumentation center

Wavelength

1,064nm

Max. energy

0.1ms, 9J ~ 0.6 ms, 194J

Beam diameter

{10 mm

Pulse width

0.1. 0.2, 0.3. 0.4, 0.5. 0.6 ms

Table 2 Spec. of high-speed Si photodiode

Manufacture Melles griot
Spectral range 350~1,100 nm
Detector diameter 0.23 mm

Rise time(ns) Max. 1.0 ns
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Fig. 3 Measuring sys. of laser beam uniformity
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Table 3 Spec. of IR radiation thermometer

Wave length 2~5 mm
Photo detector InSb( ¢0.6 mm )
Lens Ge f=15.2 mm, ¢5.1 mm
Lens movement range| 180~220 mm
Focusing range 471.43~900 mm
Target size 1.286~3 mm
IR flter Sapphire
Cooling type LNa2 7T K)
34 EHAAH

Fig. 45 & 47l AHE diAF 53 A=
dlo] sfgzelct. A&el oz #olA7} WA P
P4 2 334 LPAE §3 oA 2t F
dsteHA Alge] £ 2AFE L, InSb Heid WA
AdMe AR 2% W3E AE AW AAM9 v
AYY S 1A 22 e P52k JHoERY

AFMATFE T €.

KRiiiens $20% BoWk, 20024 124

Half mirror, Optical Mber
—— | NAYAG laser |—— =
Vacuum chamver i Lans : l
. 3D uniformizer
- Specimen b }
InSb radiution : Lens
L thermometer y cch Imanr grabber
= controfler
| Temperatur
| calibration
: Vel ‘ Temv ‘ | " O
| i,/
i!. =3l | v rl.l ——
L a— I ],.L I —

Trigger signal

Fig. 4 Final experimental setup for IR calibration &
laser-flash thermal diffusivity measurement

4, AgZn & nF
4.1 B|O|A EARA[ZE X|HLA} e

dlo|A dFgel 9T ST SHA Als R
o digh #lojA el FFAHS AFde WHeREe
golA wzg Frlilse HES Adsie W
ZAHE HlolA ¥le] H euyiA] Y=HE ddshe W
Hol ARgE AL gl

2 AFoM e B7145e] Ao 2RE oA e
Hol oA LEA7A 9] AAAT A4S nF 3
oYz A3 Aol odzge] AR 54E& S -
A5 QS g6 viAE 932 AESY.

Fig. 55 H2 % 4002 ZAISE glo]A ¥l9] oy
Ay S S Jog B3] WY (A)RYH
196ps A1FE 9A (B)elld Ha oy Y=g 714
o, T 24 929 44 (C)e 1 dyA U=
HozHE 5H6ps AHEUALE, o]gh Lo Fr|AlTe T
AHE dolA o F AlFoz = Foe F9W

Ll | ] : ' [

Trigger signa

Arhitrary scale

|
Ise erergy wave |
|

Sampling time(1 dev.=0.1ms)

Fig. 5 Pulse energy wave of laser beam

819



96

o 94wy E

HolAE #HolA Hle] AR wfg e}t M
F U8E ¢ F Ak

Fig. 6 #lo|A #9] FE2 Zof digt Ho ouiA]
Aol AAAZ 58S Jekd ZozM I duAe
0.8J914 3J71A] sidch. Adel <lghd #HeolAe
2 Zo] & FHY) oy FHe| AGATe] HFH A
2 ZojAe AL Hgon Hxo £2 100usE =
A A4 AAATe] 90ps AEolH 600use] B2 F
o ZAE A$oe 350 FEL] AlZkA|de] Ay
He Ao Yepdch

£ Ho|A Hle] FFAH sl Hr} el
o gA Agtsln e HelAe F v 44
o thate] AAAS HES A, Fig. 7% 2ol Y
el gl

Fig. 7oA A Zo) nl2 H A9t Wig &
g B P29 Zo] HE4E A QAR A B4
goz Hx Zg FA T Afde F oAviAY T4
AE 2] FrPes Sl o] viEe ¢ 5
Uit

Pulse energy
00 = O par
g Cls =
< al

Delay time of laser pulse energy (m)

(1] 100 200 a0 400 B0 I 00
Pulsewidth (us)

Iig. 6 Delay time of pulsewidth and energy

Different delay time (js)

0 T T T T T T T T T T T T
0 100 200 300 400 500 GO0 700

Pulsewidth (us)

Fig. 7 Differential delay time of peak and integral
energy

820

S 2ko W golAe AW AAANE HE
8l7] §18te] #lojAe B FE 500usE st L
Td wg #ojAe] ZAMZF AHEN}E HES] 9
sl #elAel A ZFE 500 dfar AFLolA
1,300K742]1e] &=¥9le] gl 57 1.05mm <
POCO AXM-5Q1 2 57 1.13mm Glassy-carbon
o] dEMIFE S W, A AR BH)
A - o] A7E Fig. 8% Fig. 99 wlasdigic}, ol
A1) ZARAZE A doel| oFk AFA Alge] HAle F
2E7} ¥ E Ahsl, 42 oA WAL 24 B
dg & F 9t olFL dHelAe ZAMAZe] A|Ho]
AT ¥ SPAEe] FEHAFE 22 225
g M= 545 7K1 7] WBel] n2Y54E o
go| Zol2)A| =7] WFEoz e

AAE S3E 29 EH POCO AXM-5Q1¢] 4
§ FeoM F 6% H=e HAE TAYAT|L e,
Glassy-carbon?] ZA$<= ¢F 2.5% uWele] HaE
Uehli glo] EEiHAe] LSS sixe o

ROE-5 =
o After cal, result
i O  Beforecal. result
;ﬁ? A(E-5 *x Dis error Py
E =
B S
= g
wn 7 iy =
2 AE-H 0 b
= 8
. g
| =
4]
E 2o L 0
-]
-
=
QE+T T T T T T ye— T - - . - r -
20 40 B0 HD 0 1E0 14D 180

Temperature (k)

Fig. 8 Thermal diffusivity deviation caused by the
delay time at 0.5ms pulsewidth (POCO AX
M-5Q1, t=1.05mm)

(41 )
o After cal, result
=) a Before cal. result
u ] - E 3 Dis error
& T
€ bt B T —
E L
) 8
z 5
z o
£ g
L= k=
= s
E =
E [}
=
=
AEES S Rty e e L o T P w0
an 40 B0 A0 100 140 140 18D
Temperature (K)

Fig. 9 Thermal diffusivity deviation caused by the
delay time at 0.5ms pulsewidth (Glassy car
bon, t=1.13mm)

Journal of KWS, Vol. 20, No. 6, December, 2002



Ho)A Y& o] 8¢ AEAG FHA e EAAT 97

A Wlo] ZAMZE A9 EA ] gk BAo] eFe & 3 HS AHREAS wos SHRNEI} £2 %oldE

P Holx glo] FUs W Aoy FMAF F
A4z 29¥ 38 H9 POCO AXM-5QISl 3 AR A4l PUEREE ¢ + UM 2 A

o BodA o 6% AEe] WAE WAAF: glon = Fig. 109 2t}

Glassy-carbon®] 7$el% < 2.5% W9 HaE

ek glo}] @EbAse] AY23E AeiMe ol =
A o] ZAAIZE AQEA e g BAe] Baghe & e A ® Dosienerr |[
% 99T}, & ams] X - [ 8
S aes] N
42 3ol ox| £ FUst 5 BTG s S Sy e o S A
.'_:E F;I—:—_ . s n‘\;\- g o : :%
L eﬂ%on MG Nd:YAG dlo]d] U #2847 - .. o
== ——e—8 0=
/q ' 7]1:] 1)}§]- ;] l' l_ L..?_o‘”)! }HHLE:“J: 3"‘]’?‘1 E '!.-r___:____
u) g} P o) golA e FIAA Yo duiAE awsod e T
£2 248 AL Photo. 13} Photo. 20 viEhAgich

Temperature (k)

Photo. 12 Nd:YAG #o]#e] ZAWleZ $i34
ue} oA LEe] Fols} gol WS ERAT o

(a) Direct beam

MAHEE el sl W Photo. 25 HolA L B S rew 5
YA A% 7Y o ouAEEs wMe  F )\ it
FAgE & 4 Uoh ol 0L b
Fusie dolAvst w2 dolqyel g ags 3 e oMo o S
A% ARAEe] MzE gkl POCO AXM-5Q1& o e g ; F 3
Bedn 1,300k 2Fsiger 2385 £ E amo N .
Lol hele] 3~43)4 2Asgch B 205 e ORI i
23498 0 Badd dolAUe AHEE o T, TS EE——— R

C)]IE- %%1 E ’:‘]-5_:_ ]_ Y J")/‘ 0] o]- HO} ‘;{l o L]- ‘R’Q-] 200 400 600 B00 1000 1200 1400

Temperature (k)

(b) Uniformized beam
Fig. 10 Thermal diffusivities and their deviation
error measured by the direct beam and
uniformized beam

o)A Ad3d o M+ FHA T8 L3t

] 5 AIZE A, #olA W9 ¢y
A Y 24Y 992 23T F de Y S
< M- ALd =3 eate] JiH AFNE Fig. 113
Fig. 129 Jehjgic).

Fig. 11 2 Fig. 12& 27 ¥ 2.55mme] POCO
AXM-5Q13 57 2.31mm¢] Glassy- carbonel th
a2l 1.500KY 2=HYelM £ A7t <
ato] gRld o /i whie] A& o|dn AL o|F
o] @S 53 Z24E vE SHET7IEY(NIST)
o 232”9 48 AFAFA(NRLMY 3329}
v - AEsac)

£ ATolA AEg o7 712 eal 8%1E 1A

Photo 1 Direct laser beam profile

Photo 2 Uniformized laser beam profile

Tt 204 M6WE. 20024 12H 821



ol Y E

98
LOE~I 1)
i _ O NIST result
--N“E (@] Current result
%G BB O Oldrealt i
e -1 XK Dev.errarNIST vs Cur.) )
= A : ST H 2
E ROE-5— Dev. errorINIST vs O1d) E
7]
JE Rt e sl NN B e e e Po ey | ds
E = = =y 0 ,_g
= 4085 ]l 8
o o
E 1 a
u —-10
£ 2085 ?
- a - T
-
O OE+ T T T T T T T T T T T = §]
1] KAl fn 900 120 1500 180
Temperature (k)
Fig. 11 Thermal diffusivity of POCO AXM-5Q1
TE-6 a
[0 NRLM reult
ey O Current result B
3 O Oudrelt
(E 6.0E-6 b 3 Dev, error NRLM vsCur.) 10 ;
‘;‘ A Dev. error NRLM vs0ld) E
= =
E oo . . E
bl e, i A - i —o 8
© E
F ] TG
E a
2 o6 ——0
=
A0E-6 ———T =0

i 400 A0 1200 1600 200
Temperature (k)

Fig. 12 Thermal diffusivity of Glassy-carbon

e 735(Fig. 119 O)9 d8iHATF FHA = v=
Y FEF7|Edo] AAIF POCO AXM-5Q19 EFA
of wlgle] Feolq Hd 18%71A, 1,200K 24
Hd 13%71A49 HAE Jshz glov & A7
F9 23 a%l9 AM WS F8g 29 (Fig. 119
O)elle 2% ole] HaE Jeha o] 211
Atk

3 Glassy-carbong] 7ol FL lote] A&
ele] 24§ 4B AgdTae 23 A9E 71Ee
2 8 A% o4 99g n8dA ¥ W (Fig. 12
o] O)oME e o 8%, 1,200K FZAe
4%2) Ho] AAE Jehla glov} B d7e 8 o
2t a9le] A WS &g B (Fig. 129 Ol
£ AedME 5%°lW, 1.500K F2elMe 2% ol
o] HAE veplz USS ¢ F UM

822

b, @' T

£ dFelAe golA Mgy ot A &
A F8 23 89| HE HolA A} A A4,
FolA ¥l oA ¥ Bid 9P YL 5= ¢l
e 39 e AAsnat dglen FgEHe 2
A exe] AM Edbe oot g,

1) ¥ d7olN HEg o 712 23 891& n#
A %L AT, T FPA e v FHETY
&4¢o] AAE POCO AXM-5Q1e] FFA|o] sl
Z3exd wet 13%~18%2 HAE Yehlzn 3le
U} B die Fa 93 g9le] /jd gL e
A%cle FPeE A TN £2% ojulg HAE
Yehlz glo] 22 a9le] #AG AM &IE A
F A}

2) EF Glassy-carbong 7ok FY RES9] A
5o gl S L& AFATA9 33 AE )
Foz & 7%, ea 89S A F2 WdA
E Z3erd uel 4%~8%2 HAE Yl gle
U, B Ao Fa 93t a9le] |4 whge Heg
A5ole 2%~5%2 HAE Jehl glo] 23 29l
A de] FEAAEE ¢ 4 AT

312 8

1. Parker, W. J., Jenkins, C. P., Butter, C. P. and
Abbott, G. L. Flash Method of Determining
Thermal Diffusivity, Heat Capacity and Thermal
Conductivity, Journal of Applied Physics, 32
(1961), 1679~1684 (in English)

2. Hong J, H., Baba T. and Shinzoto K. : Thermal
Diffusivity Measurement of Low Emissivity Solid
Materials by a Hemispherical Mirror Type Laser
Flash  Method, 17th Japan Thermophysical
Symposium, (1996), 355~358 (in English)

3. Arai T., Baba T. and Ono A. : Laser Beam Profile
Measurement by a Thermographic Technique, 10th
European Conf. on Thermophysical Properties,
(1986), 386—~389 (in English)

4. Hong J. H, Phark J. W., Lee W. 5., Mok J. K. and
Oh K. S. : Improvement of Laser Beam Profile by
3D-uniformizer Using an Optical Fiber, 4th Asian
Thermophysical Properties Conference, (1995), b8
9-592 (in English)

5. NBS Special Publication : SRM:A Fine-Grained,
Isotropic Graphite for Use as NBS Thermophysical
Property RM’s from 5 to 2500K, 260-89 (1989), 59
(in English)

6. Sulivanti M. M., Baba T. and Ono A. : Thermal
Diffusivity Measurement of Glassy Carbon by Laser
Flash Method, 12th Symposium on Thermophysical
Properties, (1991), 327—-330 (in English)

Journal of KWS, Vol. 20, No. 6, December, 2002



	레이저 섬광법을 이용한 열확산계수 측정시 오차용인별 분석연구



