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Improvement of Traceability for Radiation Pyrometers

in the Steel Industry

Kiyoshi TAMURA, Kunio KURITA and Tadaaki IWAMURA

Synopsis:

A traceability system for radiation pyrometers has been established.
is calibrated beforehand at several fixed points, and it is used as the primary standard pyrometer.

In this system a radiation pyrometer
In the

range of 800°C—1 350°C an automatic optical pyrometer is used as the primary standard and in the range
between 500°C—-800°C the 0.9 um silicon—cell pyrometer is used.
The emissivity of blackbody has been calculated by the integral equation method, and then the system—

atic errors have been evaluated as follows:

The primary standard calibrated at the fixed points has an

accuracy better than 41K ; The secondary standard (Si-cell radiation pyrometers) has an accuracy
better than + 2K, when calibrated by the primary standard. Radiation pyrometers can be calibrated by
using the above secondary standard, and have an accuracy better than £ 3K which is accurate enough for

use in the steel industry.
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Table 1. Calculated calibration error of
thermocouple standard at 1 000°C.

Error (K)

Wave length °~sim lum | 2um | 4um | Total

0.995 [-0.36 | —0.56|-).12 |- 2.1 |-1.59

0.990 |-0.73 |-1.13|-2.26|- 4.24-3.19
0.9801(-1.47 (-2.26|-4.53-8.50-6.41

0.970 |~2.22 |-3.41|-6.82|-12.79/-9.65
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Fig. 1. Configuration of the blackbody radiator
in the fixed point furnace.

Table 2. List of fixed points.

No. Fixed points Temperature, °C
o 1 Cu 1084. 88

Above 800°C 5 Ag %61, 93

3 Cu-Ag 779.6

4 Al 660. 46

5 Cu-Al 548. 26
200°C to 800°C 6 7n 419, 58

7 Pb 327.502

8 Sn 231. 9681
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Table 3. Specifications of standard radiation
pyrometer.

TT— Automatic optical 0.9 ym silicon

Temperature range 800 ~1350°C 450 ~800°C

11K (400~1100°C)
0.3%(685~508)

Accuracy + 2K (800~1200°C)

Size of source stfecti 0.2 % (.28 ~258)

Resoiution 0.15K 0.03K (600°C)

Stability ~ 1K/ year ~ 1K/ year

Thermocouple

Thermocouple

I” _Heater

HoS77 0k Firebrick

a. Spherical

Thermocouple
|

1200 {
— m
I > 11
Ther: le
B TR ey e
=0
=1
Flrebrick
Heater
b. Cylindrical

Fig. 2. Commercial blackbody furnace.
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Fig. 3. Configuration of the cylinder
of the blackbody furnace.
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Fig. 4. Effective emissivity of a cylindrical cavity
with diffusely reflecting walls.

10
C ATw = 6K
5 [
: 3K
x L
=N .
= 200
< L X{mm)
- 5 | -
-0 L

AT="T(x) = T(x0)
T(x) =wall temperature at x
T'(x0) =target temperature (x=0)
4Ty =maximum value of 4T
Fig. 5. Temperature distribution along the

cylinder in the blackbody furnace.
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I | | |
o 1 2

Wavelength(um)

Fig. 6. Effective emissivities of the blackbody
furnace. (Calculation in case of a high emis-
sivity wall, ¢,=0.8, T (x,) =1000°C)
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Fig. 7. Errors of brightness temperature.
(Calculated from the effective emissivity values
in Fig. 6)
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=40.3K+0.5K40.5K+0.5K
FTiebhb, £2.0K DRETHC EEFETE 5. (k
i 4T 13 1d~10d o2 b EELA.)

ChboRIhA ZREECI VKRIELT, —#oD
HEAHRER L, B oM £1.0K Mz <, £o
Ry % £3.0K DI A 2 &2 it T
5.

5-3 RSTBREHOREER

WAHREH OBEAER L LTRERDO OB FEREH T 5
h, ERIhDERO—FlAERL L.

(1) =|EOME, 4Tgr:0.1K/K LIH

(2) *¥KoE, 4Tss:0.5% LA (ARDE)

(3) HhMIRE%, 4Twun:0.2K LA

(4) wEE, 4Ts:0.5K/HLA
Btz 4T, % +0.5K, T/bb LLOKLADOR
BRI X 2 5703, flz X bogHc, #BilEo

WREELY SK LIAOCEREC, HERMHEY 4Tss=
0.3K LNIT5LEND 5.
(AT = AT gr+AdTss+ 4T y=0.5K +0.3K +0.2K)

BREBCOWTIIBREBELEZL LR LD THAL 1.

6. &

iR (800°C LI k) TixHEBYAERT Y, SRR
(500~800°C) Tit vV 2 vEEKEHRES 2 AV, =
A E SR L A A b THEHRE T O EREAR R L
FENL LT, ZOEEARELAGT, BEHREZ OBEY
ET 5B OBRECOWT I LIk DOREREE .

(1) Dk S BEF - EEERE O
Eix +1.0K ©H 5.

(2) 2ZQEE#E--- I REZEC X DKIEIhD St &
AERBAHRE G oL £3.0K THB. 7 +£2.0
K oBERELTRETHS.

(3) —omsHRE T 2 kiE#EC L hIELT,
Z ORI IclR D L, BAFEORGBETERY LA EE
FTHzEk%L, 30K PRETHZ ENARETH .
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