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Multiwavelength Pyrometer for Galvannealed Steel Sheet Temperature Measurement

Toshiyuki Y amamoro, Kazuo Hiramoro, Chihiro Uematu and Jun Uepa

Synopsis :

The multiwavelength pyrometry problem of inaccuracy in determining the true temperature has been analysed in detail.

The results of this analysis and a comparison with numerical simulation results show that a proper calculation method
of a temperature and a certain knowledge on the emissivity of the target surface are indispensable to an accurate
temperature determination. On the basis of this study a new multiwavelength pyrometer for the use of the galvanneal
process is developed with a careful design. In spite of the greately changing characteristics of the target surface
emissivity in the galvanneal process, where zinc-coated steel sheet is rapidly annealed to produce desirable intermetallic
coated layer and the surface of the zinc layer changes from highly specular reflectivity with emissivity near 0.1 to a
nearly diffuse reflectivity with emissivity as high as 0.7, this new pyrometer is effectively applied and the measurement
accuracy is confirmed to be £109 for temperature and +10% for emissivity by laboratory simulations and on-line

tests.

Key words : multiwavelength pyrometer ; emissivity ; radiation thermometry ; temperature measurement.
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Table 1. Factors which affect the performance of a
multiwavelength pyrometry.

. Calculating method of optimization

. Function form of a spectral emissivity

. The number of unknown coefficients

. The number of spectral radiance for calculation
. Wavelength interval of each spectral radiance
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Fig. 1. Simulation results of optimization for tem-
perature (spectral emissivity function:
f(A)=A,+A,/1).
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Fig. 2. Simulation results of optimization for A,
and A, (spectral emissivity function: f(1)=
A, t+A, /1)
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Fig. 3. Schematic diagram of a commercial galvan-
neal process.
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Fig. 4. Characteristic behavior of the spectral emis-
sivity of zinc-coated steel sheet during the
galvanneal process.
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Fig. 5. Spectral emissivity function for a galvanneal
steel sheet.
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Table 2. General design conditions of a new pyro-

meter.
Items Design Conditions
Function form of spectral emissivity f(A)=A,+0.1/1
Measuring temperature range 400 to 600°C
Spectral response range 1.1 to 1.8 um

Measurement reproducibility

o)
of the spectral radiance +19% of measured value

Accuracy requisite for

+10,
temperature measurement +1% of measured value

4
1

Emissivity calculation error (%)

spectral function : f=Ag+0.1/ A
spectral radiance interval : 0.1 g m
true temperature :500°C

2
20

emissivity error

1
10
[ ]

Temperature calculation error (%)
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temperature error
ol (] L (- L [ I
2 3 4 5 6

The number of spectral radiances

Fig. 6. Dependence of temperature and emissivity
calculation errors on the number of spectral
radiances.

spectral function : E = Ag+0.1/ A
2 } the number of spectral radiances : 3
true temperature :500C

Il 1 1

Temperature calculation error (%)
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Fig. 7. Dependence of temperature calculation er-
rors on wavelength intervals of spectral
radiance.

Table 3. General specifications of a new multiwave-
length pyrometer.

Items Specifications

300 to 600°C (at emissivity=1)

Measuring temperature range

The number of spectral radiances | 3 (1.3, 1.58, 1.68 #m)

Detector Ge with cooling

lens diameter : 50mm
focus length : 70mm
(transfered by optical fiber)

Condenser section

Measuring interval 4 sec
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Fig. 8. Schematic diagram of a new multiwavelen-
gth pyrometer.
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Fig. 9. Heating condition for laboratory simulation
of the galvanneal process. ‘
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Fig. 10. Typical data measured at a laboratory test.
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New multiwavelength S~ Holdin
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Contact type
thermometer ~
Steel sheet Heating
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Fig. 12. Illustration of pyrometer installation at a
galvanneal furnace.

Table 4. Specifications of Contact-type Thermo-

meter.

Items Specifications
Detector K-type thermocouple
Measurement range R.T. to 850°C
Contact range +40 mm
rasuaing object 0 to 250 mpm
Response time 8 sec
Accuracy +2°C
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Fig. 13. Online comparison test between a new
pyrometer and a contact type thermometer.
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Fig. 14. Measurement accuracy of a new multi-
wavelength pyrometer.
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Fig. 15. Difference of heat treatment conditions
according to the steel sheet composition.

D FHEFE R # Fig 152 T . X 4 ZCOBMER Iz DT
i v 2 ) o 2R D BT R FE DN O R A SR U8
B E, 24 7Dl o TREFLBEHOAZRL
T3, 247DDY VIBEER XA 7°CO & NI E~<#) 5%
BUloy, ASMKISEE IR BIERFHEOASR Y
T B71:0 X4 7DDFH XA FClZ e L#140°C <
IEBHIEEPRET ALEYVD S, ARBEHLZHRELLR
BFEFH A 35 TR ST XY & 27RO BT e Bl
S TIZER D ST RIZH0.1 LK SRR T 2 TASby’
ETL TR, Ly UL RIFHTaebr E
TFLZOEACREERAERERVITON T3, 20
RRC B AT OSRARIEE R U RS REPRET 52 LT
SR EO®EER 2 v X B DA SLDETRIN % EFEICH S
ENTEB LR Y87t ADBERH»BOLN

47

ZIRRIBEFTOMF LEHA v X AEF~D@EA 785 I

BE L1 BEOGARIR O BIE TR b 72 - 72,
5. B8

ZURIBER 2 HOHRIEX RO BETR LRE & 2 RIE
WET 2HMEBFEL 2. ERET OWEMRILDRERAR
BERHI RS R £10% T, REL 1R TRHETSHI L%
FIEL 72, CHEER A v X AL HE I n e R ITEH L
FWERA ¥ 74 ¥ TOREREE IR OEMRIBEZT OA
HE»r3bEDTICCTH-72,3 6 iR OBERNTDT
— X AT D 6 BRI T v £ R T3 BB B SRR O Bt
FLRELPRFICMS 2 LPBRESHEERERTDHL L
HIPFAL T2,

X L

N.Harada, K.Imai, T.Yamada and E.Makabe : Proc. of 5th
Process Tech. Conf., AIME, (1985), p.179

T.Yamamoto and Y.Sakaguchi: Temperature, 6 (1992),
p.933

FA R EHR B BRI 2R, 16(1980), p.233
EEED, WWFRHAE, 30 o), HFHEFUadnEaes
EMERSTHE, 26(1987), p.651
HEEm, R B, R, W
ke CE, 24(1988), p.331
J.L.Gardner : High Temperature-High Pressure, 12(1980),
p.699

J.L.Gardner, T.P.Jones and M.R.Davies : High Temperature-
High Pressure, 13(1981), p.459

G.B.Hunter, C.D.Allemand and T.W.Eagar: Optical Engi-
neering, 24(1985), p.1081

1)
2)

3)
4)

5) B, Atk EHRIE
6)
7)

8)

9) HWARATFTH, PFAR—F, WLWARIT MR LF e 2R, 5(1992),
p.378

10) f#OkEF, WHIEA g L4, 70(1984), p.1727

1) +E #, fEEE, PA-5, HRTE S8AE  MEt
a2, 5(1992), p.379

12) WIFIERE, FAAEE, { HBE MEL e €2, 401991,
p.1635

13) FUdp¥ets, MR, BL 62 gk LM, 70(1984), S1112

FEWTE, WIATSE, MRS ML e+ 2, 5(1992),
p.380

14)



