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A Method for Simultaneous Measurement of Both Temperature
and Emissivity, and Its Applications to Steel Processes

Synopsis:

Tohru TucHr

A method for simultaneous measurement of both temperature and emissivity was developed by using
multi-reflecting effect of radiation energy in a cavity. Each relative error of the measurement was within
19, in temperature, and 109, in emissivity respectively.

This method brought forth a new measuring apparatus, which could not only measure the true temper—
ature of a measuring body, but also obtain some surface informations associated with the emissivity. An
on-line system of this method was developed. This system is now operated in a coated steel strip process,
where it controls the furnace of the process with temperature information and the quality of the coated strips

with emissivity information simultaneously.
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E1 =& Ex(T) E2 =g(€)-En(T)
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<-Radiative energy =" |

Object
N

(@) Cylindrical cavity
with openings

(b) Cylindrical cavity
with a base surface

Fig. 1. Fundamental image of both temper-
ature and emissivity measurement
method. In (a) the detected energy
(E,) is proportional to the emissivity
(¢) of a measuring body, while in
(b) the energy (E,) to g (¢), which
is a function of e.
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Fig. 2. Relation between g (¢) and e. (Cf.
eq. (7). g (&) represents multi-re—
flecting effect of radiation energy in
a cavity, where o is a parameter
independent of e.
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Fig. 3. Relation between ¢ and G. (Cf. eq. (9)).
¢ is obtained from. G, which is the
ratio of E, and E,. '
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Fig. 4. Schematic diagram for the ap-

paratus realizing the measure-
ment principle.
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Fig. 5. Block diagram of the measurement system.
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Photo. 1. An apparatus used in the laboratories.

Table 1. Experimental confirmation of the measurement principle. Parameter
is a variable which depends on the surface condition of a sample.

Sample T%rrr:g:razgre !;:g:zseivzy_ d+ad Rhgs o I%Eg ,_A._r'l_'_
Sf;;(ﬁf)d 200 - 600 |019~ 081 |0452004 | 1.329 0.1 001
i::;?:;ii) 300 - 900 |0.20-07 |025:002 | 0078 006 | 001
i::;[’(‘g:;) 300 ~ 900 |021~073 |034:002 | 0190 006 | 001
:\Sl:g;i&:r:\) 300 - 500 |005~008 [038£002 | 0.35! 028 0026
,é:g?gﬁgg 300 - 500 |0.30~038 |075£004 | 8541 005 | 0.005
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Fig. 6. Relation between G and normalized
distance, H/R. A cylindrical cavity is.
superior to a hemisherical cavity be-
cause of less change of G against change
of H/R.
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Fig. 7. Relation between G and L/R of a
cylindrical cavity.
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Fig. 8. Outline of coated steel srip process
and layout of the measuremeat ap-
paratus. The measurement is carried
out just after the outlet of a dryer.
The dryer and coating are controlled
with temperature and emissivity in-
formations, respectively.
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. Sample : Coated steel strips

08}
Organic coating
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o s 2o 60 80 W0 120
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Fig. 9. Measurement result of spectral emissivities
of coated steel strips. These emissivities
depend largely on the quality, the thick-
ness and the temperature of the coats.
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Fig. 10. Measurement reslut of emissivity
disribution of coated steel strips.
These emissivities change from
0.3 to 0.9.
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Fig. 11. Relation between ¢ and G of coated
steel strips. The line shows theoretical
result and the circles show measured
points. The measurement principle was
experimentally proved.
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Photo. 2. The on-line system in a coated steel strip process.

(a) The detecting apparatue is set just after the outlet of a dryer.
(b) The indicator is set in an operation room about 50m apart

from the measuring place.
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Fig. 12. Result of on-line measurement experi-
ments in a coated steel strip process.
Measured emissivities change from 0.3
to 0.9. The temperature error, however,
is within +10°C.
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Fig. 13. An example of on-line measurement in
coated steel strips. The temperature of
a threading strip is higher than that of
a coated strip product because the emis-
sivity of the former is higher than the
latter.  These informations are ap-
plicable to the furnace control.
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Fig. 14. An example of on-line measurement in
a coated steel strip. The strip tempe-
rature increases according to the furnace
temperature, while the emissivity is
constant until about 470°C. Above
that the emissivity increases abruptly.
This phenomenon is an important in-
formation for the quality control of
the sprip.
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Fig. 15. The measurement of the eimssivity
change of a cold rolled steel when it is
heated up.
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Fig. 16. The measurement result of the eimissi-
vity change of the black paint for optics.
(Eppley-Parsons).
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