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Development of Radiation Thermometer for Low
Temperature Range

Chitaka Manase, Masaru Axamatsu, Satoshi Yanai, Norio Suzuki, Katsuhivo Terat and Shimpei Fuymoro

Synopsis :
the following items were investigated ;

In order to measure the temperature of surface treated steel strips at a low temperature range by radiation thermometry,

(1)Shielding method of stray radiation energy from environment.

(2)Estimation method of emissivity of measured objects.

This stray radiation energy has been eliminated by a water cooled shielding flange. And, a new emissivity measuring
system has been developed. The system uses a radiation source to irradiate the measured object surface. This radiation
is reflected and scattered by the object surface. The system has three detectors, and these detect scattered radiation
energy by different solid angles. Hemispherical reflectance of the object surface is calculated by these three detected
radiation energies, and the emissivity of the object surface is estimated by means of Kirchhoff's law. The estimated
emissivities are compared with values measured by a spectrometer. The results show the obvious relationship between
measured values by this system and these by spectrometer.
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Fig. 1. Schematic diagram of temperature measure-
ment using radiation thermometer with
shielding flange.

GNTW329, M 6bd s L 5 AELREHE S — v P
Lo TREHESL NS — N ExtRYE L ORI » 6 A
B35 bDITTICHIBRaINE, LIS T, ¥—n oy
Rz LIZE SCERIESER LA, ERERaLsh
RObLFTWHTHMAEL VEEL THERAINS, 72, BRD
TERVOLI— DL DOREIELE 2B, ¥—nF
PRIBET AL THEBPYPERTESLICLTY S,

L LAEMRE LI L 5 RRIEE T — v N Dt
PEMRT S 5 EDMEIBICT 22 L3, BEDH B CIIEE
REDE»CERNTELEL, =V FOIEREY—F MR
b, HLAMEBY-FIITHIL, I, y—nFDE
ErREL THEPMET I LS EL LS,
2.2 MHEFTRAERE

MAEREORITELRD 2 FIRIELAIRESNTI YY),
ANEODSFEI L X TRZEENL L TREEIEHL & KA
aNs, "REFHAL L S 6 DRGHFERD » %
T, BEIROHEERITI HRTH Y, TREEHFHHL & 13HB)
BIEDH B VI IST—LERHCTHEYD O OBEHERY
ELS ¢ THRHEFOHMERITI FRTH 5, AMETRE
TA5FERNRPER L AF ST 2OREE» LK
Bt ZKD 5 b DT LD "HEEETRL BT 200D0TH
%,

3 T, Kirchhoff DIER]C & b &I EE L BR-T 1T
b T b, RERIKE THETRIZFTETRET D 5,
HIEMRFEE T TERERTVEEL L CIFE, Kt
L(p) LG R() DAL L 5,

Lich > T, REEPMS 2 LHT s UL, B kSt
FiEKE b, TITOREELIIPRRKEETH Y, K4t
HIAFDI D IR HIRKI = AN F— 2 RET 5 2 L2
R,

S &SR E 1 e R CoblentzEK'?, Gier-Dunkle¥ v 7

22

A0 EDQFEVHCOCRT WY, 206 RBIESRWE
W2 REL FOVEATEI REEH 2 IF v T 4
ZREL LTV, Lich - T, BIEEE L HENSRE
HEDOMODY 7 bAVERHERT 52 LTS, Feisf
HIEE L © IR EHE»R {2 5 (Figa), Ld L, K&t
TANE —DEESTED BT HNE, H 5 HEICK
FHeandZ AN —FRET S I LTERRE A NE—
YEEST 5 I LHEEET H 5 (Fig.2b),

2:2+1 XETSEE O A E Skt

Fig. 3 13 KB D IR G158 B O 4 B 5345 % Fig. 4 2
R AESHUEEECHE LICHERTH 5, HEIsEwE
RetHm%E 0 & LICAETDH Y, HemISEERSt HmoK
STEE X EAEC L TIEBRLLIZbDTH 5,

Fig.3 % b, AESMHERIISCC— 2 RR T 255 b
RISOPIZEILT AN—RF 4 U RERT 2D 6REK
ENTeBI b s, TNRERPLCbNTY 38
HRGHRGT (B € — 7)) LRBURETR D (N—2 5 4 V) S
BT 5 EF L OB, & 72, 3O I L USHREUR ST
Sy OSSN SR AT b & DAE 0% FHv Tcosh T

) Incidence
Measuring

Sample Reflection

(@ (b)

Fig. 2. Measuring method of hemispherical reflec-
tion.
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Fig. 3. Angular distributions of reflection
(Wavelength : 7.54m~8.5um).
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Fig. 4. Schematic diagram of measuring system of
angular distribution of reflection.
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Fig. 5. Radiation thermometer with water cooled
shielding flange.

Table 1. Specification of radiation thermometer.

Detector Thermopile
Wavelength range 7.5~8.5um
Temperature range 0~300°C
Accuracy +0.75%
Response time 150ms~ 10sec (95%)
Output signal 4~20mA
Distance coefficient 10

Radiation thermometer Displacement (adjustable 5~100mm)

Steel strip

r-———1

Bridle roll

Fig. 6. On-line test system in a coated steel strip
process.
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Fig. 7. Schematic diagram of measuring system.
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Fig. 10. Relation between the temperature mea-
sured by radiation thermometer with shield-
ing flange and that measured by thermocou-

ple.
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Fig. 11. Deviation of radiation thermometer indica-
tion due to emissivity estimating error.

Table 2. Output of detectors.

Output of detectors (mA)
S1 S2 S3
Gold 2.63 0.37 0.22
Surface treated steel sheet (a-1) 0.58 0.29 0.46
(a-2) 0.45 0.36 0.63
(a-3) 0.64 0.37 0.66
(a-4) 0.94 0.42 0.73
b-1) 0.77 0.41 0.85
(b-2) 0.99 0.44 0.77
(c) 0.37 0.12 0.25
(d) 1.44 0.32 0.39
Aluminum (1) 211 0.45 0.39
2) 2.19 0.44 0.29
(3) 2.24 0.37 0.30
4) 2.24 0.37 0.31




B 764 £k & 88 Vol. 79(1993)No. 7

(O Surface treated steel sheet (a)

& Surface treated steel sheet (b)

A Surface treated steel sheet (c)
QE, @ Surface treated steel sheet (d)
?;5 +  Aluminum as rolled
) 1_.11rrﬁ1.,.,.n,r.4
© 3
2 osf -
o 08¢} -
q, 3 -
> 3 -
2 L .

0.6 | -

> B .
o L |
3 0.4F -
e 9 -
3
& X ]
o Q2L -
g 5 ]
2 ! ]
E 0 TN BPErET S BEEr S S AT B AU
n
g 0O 02 04 06 08 1
w

Emissivity measured by spectrometer

Fig. 12. Relation between the emissivity measured
by spectrometer and that measured by
developed system.
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