(A=) Korean Journal of Optics and Photonics, Vol. 29, No. 2, April 2018, pp. 70-76
DOI: https://doi.org/10.3807/KJOP.2018.29.2.070

ISSN : 1225-6285(Print)

Establishment of Comparison Calibration Equipment
for Infrared-radiation Thermometers Below 0°C

Yong Shim Yoo and Bong-Hak Kim

Division of Physical Metrology, KRISS, 267, Gajeong-ro, Yuseong-gu, Daejeon 34113, Korea

(Received January 7, 2018; Revised March 4, 2018; Accepted March 12, 2018)

Comparison calibration equipment for infrared-radiation thermometers below 0°C has been established, using a TRT2 (transfer
radiation thermometer 2, HEITRONICS) as a transfer standard and an ME30 (Model: ME30, HEITRONICS) as a variable-
temperature blackbody. The TRT2 was calibrated using three fixed points (Ice (0.01°C), In (156.5985°C), and Sn (231.928°C)) and
the Planckian Sakuma-Hattori equation, and including the interpolation and extrapolation errors at -50°C in the uncertainty. The
pneumatic lid is installed upon opening of the ME30 and is opened for only 30 seconds for measuring the radiation temperature,
which prevents formation of ice in the ME30 and also reduces the calibration time to half. The farther away from the 0~232°C
region, the larger the uncertainty of the comparison calibration equipment becomes. The expanded uncertainty of the comparison
calibration equipment was estimated as 0.26 K at -20°C.

Keywords: Infrared, Radiation thermometer, Radiance temperature, Blackbody, SSE
OCIS codes: (040.3060) Infrared; (120.1880) Detection; (120.6780) Temperature

0°C O3} X2 SEAREA Hlu 28X 4=

a4y’ uzs
PRI ATY e RERE
@ 34113 hHFAA] |5 7= 267
(20184 19 7% W, 20189 39 4 SR vh, 201849 39 12 A )

0°C o8} Z LA BALR A9 EARR Eea WS Y8l 7|& BARR A TRT2 (Transfer Radiation Thermometer 2, HEITRONICS)
9} &w=7PH &3 ME30 (Model: ME30, HEITRONICS)S ARE3Sto] vl wAAXE L35tk 3719 124 F(Ice (0.01°C), In
(156.5985°C), Sn (231.928°C))} &Y AHub-stE 2| 4l& AME-S}aL, -50°ColA] TRT29] Wit eX5 Bt ZFAIA
TRT29] EAREE oo WASFATE ME30 SA] 7itol] YL g $2tE = £ AAet 3+ 302 Bt 54 9 BAR

E SARCEN ME30 HollAl A7) AollE AT & e v Ao Le8e AE jke2 &9 4= Stk
0~232°C Q9 Yroe= ylojgdaR vl w29 Bk F7Fstn -20°CoA &4 E8t=& 0.26 KSith

Keywords: Ao, BARZLEA|, BARRE, SA, SAMLA7| AT
OCIS codes: (040.3060) Infrared; (120.1880) Detection; (120.6780) Temperature

ISSN : 2287-321X(Online)

LN E Aoyl BALEAS BAY o i AGE v
© 1% AN BAL =AY ZAS ALgSte] WAL

AL 2H Bl AL ofslo] L& qololx HolH BAL  od BALEAS LS WHoR 7% BAeEdz

AL WE 8ok 55 G, AGHe, UAWZ, 1] A9 2EE AT o £ VIEOR AU B
sb3) PAbgel AHEEIT Itk Held BALEAS WA  LmAe] =3e mAsl: W,

Lol 2 o WAENY N el ASHT  SEEEIStATUAE 8-14 pm TPgTIolo 50°C

oltk. TARME 37} oo AMT BA=P AFuhsl oA 300°C Felo] BALES 24T 4 ol Holdl Ba}

EeAS AMgsle] WASH: WoR V]EV|® AgEE  LEA(we: TRT2, HEITRONICS)S ths a4 S

TE-mail: ysyoo@kriss.re.kr, ORCID: 0000-0002-8061-4058

Color versions of one or more of the figures in this paper are available online.

70



(@FE8) 0°C o] A9M BALLEA m WAL TE — &

3 AR AlS ARESlo] WAF 4ol 0~232°C P4
oA wAS AstE Bt up il ZZol= 0°C o|3}
2= FAofA A BEARZEA 0 et wy Q47 Al
&3l Qltk 0°C o8 &= oA At} ALl AR
TAE v wAYsh] flefA= 0°C o)af 2= P4
e 71 AL BARZEALL 0°C o5t 2k FAolA &
et 2=7PH SA7F asith 0°C o]l 2k F oA
AR EE AR E 2 I F(Hg, -38.8344°C)0] 9l
L BARR A w8 AR 3 e RS BARRE S
< Sal di7]oll eZE] ook gtk 2B R o]y 7oA =
ol&4 ofste] oA AE= AFolE WA 7E ofHaL
T Fe AS sttt oy aejug 2 At
oflAli= 0°C o]s} 2= FHolA] 4= 1 F(Hg, -38.8344°C)
o ©olak] 9FT Ice (0.01°C), In (156.5985°C) 1] Sn
(231.928°C) 37)9] g} SA% AMHR-SHEEAlS A
|5t 7| BARZEAIQ]l TRT29] BARRE waa SH5H
Atk o]& flal 0°C o5} FHoA EFAF Ank-stEL]
Al AR off WSt et @AHE Alikste] TRT29)
AR B8] ZFAIFICE E3E 254 AHEeEd
(CCT)oN A gt =20] &0 d &3 AR 3t
HupalPle Alg5te] -50~300°C Y oA TRT29| EARLE
S s Foleley ey AR 210 WA Gt et
FAE FEGHA] ¢l B2 i WAk 2Kinterpolation
error) 2 7]8FaL Qlo] o] =wolAE w4 £5S 9
35l WeAt @ XKinter-and extra-polation error)2 3¥7]3}7]
2 3ith

8ok 27k A9 A7) theFshANE Ao HA
L A= BALY 278 7KSize-of-Source Effect, SSE)7} =
7] 2ol AT Ao & ZAE AHEsHs Aol 2l 1
U 7l Ago] S5 o 3719 fYes 3 =R
Z= o EdrdsHA Hoh HA| F22E AMESHAY S| ET
O|ZE AMESt= 27 SA Y A9 oF 3719 Y
Ast7| el HA7kAE ARESAU B3 Aol 943
£ A 9w 202 A e e Ags|E i
o] AFtoA= HAZTIAE AR 4= Q= WA 22y =
71 ZA)<1 HEITRONICSALS] A& ME302 A&}t
IR o] SAE o 3719 F4& &ds] AdsiA] )
0°C oJsto A= SA9] 7ol AHE HRo = 1/3 = A
A7 Aof|7h 7im AAF2e g mddhet 71 Algte] 48
E]lek ol F 7HAsk7] fls SA Aol FUe R A E =
F74e ARt 94 F4e 2oF 9% 3719 fds
apekste] SAS &7t B2 AIZE Yo AR =dst
A 3 F FAE Fol 7 BAREAR A9 2F5 =
Aok "ok 2 dAtolAs 7E BARREA A2 54T
SAO FF L EtdE, BUEY HEA] REAR &
3t 2k Fadt BARE wae Hluskglen vl wgst
29| £t s B7Fskeich

oxt L[N

71

o
oft
o

IL 7|& SA2EA

2.1. Al
2% T SAS S BALLEAL] AS theat

ﬂﬂ=A2m@mﬂ@ (1

A7 L\ T)= S A% £ To|qo] B T4
s\ BALEAY] Bugemolt Bugers
a7 24k she ojeleS Wsl] I8 T 1R
Agatel WS oy R Zymy AFulshed
o el o ZAAS ARG,

o

I~ o oX

S(7) = ¢

) @

o
P\Ur+B

714 A, BeF Ci= 370 o] magaolA 243 2=t
Azz AR bS] ¢(=0.014388 m- K)= A 2
EAPgEol Tk

2.2. LHQIAF @Kol AlAt

Ey=g AfukstEe Al AHgoR BYteEs o
ZA3ok St oS W 4 gout BIHHBE WE

Zo| Yo A% Weltt 9A7L AxE wHel gt den
26 umo] Y& WEES 7Hl 814 pm BALEA TRT2
S 0°C oJ5te] GelolH AT ) ASH: ol 0 XS
OIEHQ AL B3} Yobusith S4 T 19] Ake) 1
Qb Moz FAE TRT29) Ar) Ba3weled 3
29k A ()& g3kl 39 1R dee, In, SmlAIe] 41
FES U F A QR Yelstel v A, B CE
Foheleh. Tela A (10& ARgSte] -S0°Col A 300°C7HA
1°C 7tAC & AL A5 9o 3 wi7iH4= A, B
9} C gHES 4 @ Heste] LEE AN F 1 Mol B
a7 10 Ados BASH: Ea Py Bele] WeE
A8 Bol7] 913h 1 um (DHAKS 6 pm (HA) A2}
g WEES sl el eXE5S Ttk

| pm WEE] 79 50-300°C G} AA A 10° K o]

el A 80°C AHGIA Heh 22 0,005 KE 74A31 9]
A GAoIAE 23t FA3 F71eHE Belth TRT29) 7
L 6 pm WEE] BS9L GABA 80°C 2HeH H
©3} 0018 K& 7HILE 0°C ofsh elol s + oz
37k G243 F7EE Bolw ek WAF G w7
S AT B9 Wl o) hghe el Be
S8 Agstel 3 gl $UsHA A8 ague
Gt el W AUE AGIHE Aol GAF Go
SF OX7E AT Geie] ghuk =9 T ghe el B



72 gete|A] H29W A2z, 2018 49

0.05
i = 1 T
i £ g
9 004 1 i3 ﬁI‘\
< oS 05 11
5 003 £8 [ |
S 002 - EA N I U S N
5 1 7 ¢ 11 13 15 17
] 0.01 -+ wavelength (pm)
& i
=3 0
& ]
¥ -0.01
2 002 ] —TRT2 N
& ] ---6um
9 4
g -0.03 ] —-1pm
-0.04 L e e e o e e e
-50 0 50 100 150 200 250 300

temperature (°C)

Fig. 1. Inter-and extra-polation errors for three relative spectral
responsivities using the Planckian Sakuma-Hattori equation and
three fixed points (Ice, In and Sn). Inset: the relative spectral
responsivities of TRT2 and an assumed radiation thermometer
with 6 um or 1 um bandwidth.
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Table 1. Uncertainty budget for radiance temperature of the TRT2 at three fixed points

Temperature (°C)

Source of uncertainty Component 0.1 1363985 21928
(Ice) (In) (Sn)
Uncertainty (K)

Impurities 0.003 0.002 0.002

Plateau identification 0.019 0.009 0.007

Plateau repeatability 0.023 0.010 0.014

Fixed-point Blackbody —

Emissivity 0.015 0.055 0.075

Temperature drop 0.008 0.000 0.001

Reflected ambient radiation 0.025 0.011 0.008

SSE 0.024 0.055 0.075

Nonlinearity 0.011 0.025 0.033

Body temperature 0.009 0.003 0.002

TRT2 Atmospheric absorption 0.008 0.021 0.029
Alignment 0.001 0.003 0.003

Aperture plate 0.001 0.000 0.000

Inter-and extra-polation 0.043 0.043 0.043

Combined uncertainty (k=1) 0.067 0.096 0.13

Expanded uncertainty (k=2) 0.14 0.19 0.26
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Fig. 2. Expanded uncertainty for the TRT2 calculated by applying
expanded uncertainties for three fixed points (Ice, In and Sn) to
the Eq. (3).
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Fig. 3. Schematic diagram of the comparison calibration equipment

for infrared radiation thermometers below 0°C.
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Fig. 4. Temperature change of the ME30 measured with the TRT2
and the F250 just after removal of the lid.
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Table 2. Uncertainty budget of the comparison calibration equipment
for radiation thermometers at -20°C
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Expanded uncertainty (k=2) 0.26
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