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Temperature Measurement System of Steel Strips in a Continuous

Annealing Furnace

Synopsis:

Toru TucHi, Jiro OnoO, and Riichirs KUSAKA

In order to measure the temperature of steel strips in continuous annealing furnaces with inert or

reducing gases, following items were studied;

(1) The characteristics of emissivity of the steel strips were experimentally studied, which depended
on the specification and the temperature of the strips as well as the wavelength of a detector.

(2) Shielding method of stray radiationenergy from furnace walls or heat sources was studied in
detail from theoretical and experimental points of view.

This stray energy was found to depend on the sha;')e and the surface condition of the shielding
flange, gap between the strip and the flange, the wavelength of a detector and the temperatures of

the furnace wall and the steel strip.

On the basis of these results, the system was designed and was made up of radiation pyrometers
with the shielding flanges and of contact thermometers for intermittent correction.
The estimated error of the measurement was less than 15.
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Fig. 1. A schematic diagram of temperature measu-

rement of strip in a furnace using pyrometer
with shielding flange.

79



2078 & r 9

61 &£ (1975) 8%

R DERFRROMAR, IBEEZTNTH &, Ty, FEDIR
Ex T, 2L, MHAE  FFELREEKILLT 10
ET 5. ERARBE O ER_ b BRI Lo SHREST R -
THELLED I A AX—~HT»REDEMROL T
DIRE T, LEDIRE T, DELEHNR & 8F & O/RIRE
(FEigibL <« m=H/R, H * RIIETR), T, & T,
#, & BIUCREFORBEES ipm OFEE LT
(DRXBIC(2)REFACTHBFE L. £olRs
DWTHEfTER | BB hi-v. HETELRETRD
b, BNRRECRKEREEE*E T2 727 74— %35
THERDE ST D.

(1) EFEIROME m

(2) EHIBEOMHE ¢

(3) miERER 2

(1), (2)BF+5FROLLEHRTDD, mE/,hESL§
HZERIV ¢35 #RELTS T LT X >THIRHEE X
KBemEds. (3)0FEHIFREIEOGASEOHE
RT, REZE (T—T),) PKRELI DT E MIBFHE %5
BT 5 ERBIREEACBTTS. 2h b5 ES
REDEFROCE m, TORHE s FIUHBHEE
2 i BEIGEIR LcBE, MECRIBREL SR TS
EDBA S LD,
3.2 JKHEHRBEORRSHEROR

SRR VKRS S 7o R ASA  ITERE S b L AlE e
ZLEBWEND T, MAPHERFREEEZRBC TS
ZThpidsd. LrLIZOELFETTFRIL TR W 8
WO LY (54 A~ K 50m/ min B F, Eik
WIS m =02 L\ ) TREMRSEIbT»TH D, §F
TR T E D B & 7D

4. SERARMETRIREOERRER

SIMTB~NFe B o b— v o ERIT X D ERGRAT
D FFPRIR B YD 7 S ik % FE Ao RS EE X Bl E AR AT A
THdDZ Ebrok. TheERTHEBRLZTR,
F 74 RO ESERBREE BT 5 R E KOG
HIEHER Z i L 7.

41 ERVDBRORER

4-1-1 I oEHE

ROREIRE T, NHAEL o, FPEHAES T, &
L7c & & EEBBIn s o ahs s v ¥ — G,
RBODRXEBHEBELLLTRRD X SiTET 5.

Gx=€1'Eb(T1)+77'Eb(T2)""""""""“"'(7)

Tk e, my e3, 2 I EOBEETHY, Zhi
TREFLWFLAZL LTS ThbLIPERAB» SOMH
TANE—D S5, TAMNEERTHES I CEREBIO

IYVBHZINE AV F-DEETHE. piskdoN
RIE(7)RC X O THZ LD T2 X — 5-E(Ty) #
HETES. WMHFHEESTILBEE « THIELTHEL D,
ToHNE E(To) & ThiE, (7)Y

Ey(To) =Gy/ey=Ep (Ty) +—— Ep(T)

~
<1

~(8)

L5, T 3BT OLDGHOLI T RPIBE TS
5.

4-1-2 HeRi|EER

BIE ¢ BERME L CoMRERmEREBIIKET 528
EGERESIIE N W IE FIAR LIS TR T VW LS
HEERAATHEADICHIRDBE LD EVELL V&5
255, LahoT, noREKEHIIEETES L
Liz. £Z°T, Ef(T)) % Ey(T2) LB L THEBCED
BEERE T\ 2 +5i/hESL 35 E(7)X2AT(9)
RDOX ST p HHMic kDB EMNTES.

G,
szb(Tz) ....................................... (9)

ZOFET pekd/- EBEEOMER Fig. 2 @R
T ZOEEI ETHEKO 7 v 3 > WEEO R EC K
Bt (B s VA1) 255, TOMIE TR Hs
M (€58 927 74,-) TEOTHERNEDRES
fik BIFC Uiz ZTOMNEEC Bk L 2572 L2 R
A, FHERERMIRREZ BT 2 0D B u FREESS
(CA) %75 Lic. ZOMBIMEFIL Hillr bk Sh
TOERARST R 2 A L, — 5 T I I S & A
L, #tie BIRCR OO TEIZKE HRRE D 5
WHEBEZEE L. FEILLOMHZALVF—D5,

Mirror

]
H
H
;
1
1 | \
1
: \
: . =1 Insutation
i wlca 71817 are
itf| thermo-{8< 1 -Heater
il couple
I, e .
:5 —Alumina
]
i -—Stainless steel pipe
5 .
2 \
1
m Somple .:’J 2 Shietding
i \ ﬂcmge>

i

+ Y
Coolant {water)

Fig. 2. An experimental apparatus for back radiation
rate measurement.

— 80 —



»

EEEMPE AR ERERE Y A7 AR 2079

T X B MATE I FE OB oA B U TR RHTFI
EBhrhd. EERMEERSEREORMBREZEL LD X
S ETHEWAEE Uiz, 20X 5 CEIE Lo Ha3HE
ERET, VFEHRE T, RERIRBEEHENO X7 v
AERDOFERE L L, TORSHE . WEELCXDE
b L7z 72T K& L, 2RO MERHC X D 1 3IF
10 L Z7e Ue. BIESNRIERE T, 1 20°C BRECiR7
NeDT E(T,) REHRTE (9) AT X2T kD
foo E 7RG R o ORERFD DITHKD
sEREmIT 2kl (Nextel, velvet coating 101-c 10
Black, 3 M company) 871 U7z 34 (e3=0"95) &, &
% FERREE LAY 2 ) TEHBWT =0 5REDHA
WESTEE Lz Ba0 250D Kigk EFR L. Bz
O KERMEY #5001, 300 RO 1BESRT
(LAND %t ONE MICRON, IR 3 THERMODOT
TD-7 B, BARNES #t 12-521) % fv-#-. Z2h b0
HFDOESEERZNFHIEIE 1°0, 20, 8'0um idh
5. BlEsE & UTiagsi s o o e, B
DOfE 7o, BIER UDERIREAB EELD XD
WEKE L, RIGERIRZ 5] & B C X DORilE (m=H/R)
RN A Vv F - DEEXRRCEFKF L. &
OBFE, T2 BT—ETH5H X 5TIRERIEL .
42 AERREER
o Fig. SREHBREEE 28T 140, 2:0, 8:0pm
WHS Lo ESRR O BT » OFBIETH S, HED

gluminum ——  &..=050
stainiess steel —— Eaap =040
Sample : plate steel ——== £.L.=050
cold rolied steel {5,-“, =035
| | A=10 Eamro = Q22
006 T, =650°C !Atuminum, Eraro =015
€,=095 / //K= I'0
005 , / Plate steel
[ A :Wavengt /
[ Am . //
5 004 |+ / / Cold rolled steel
8 ¢ /, A=10
5 003} A=20
5 5
e o
= o021 - -10
[% s\ee‘\,/ =80
00l
0

1 1 ]
0 02 04 06 08 [0 12
Normalized distance m=H/R

Fig. 3. Experimental results of back radiation rate
7 of cold rolled steel, stainless steel, plate
steel and aluminum.
2 is effective wavelength of the radiation
detector.

Table 1. Value of reflection characteristic constant
of several materials.

Value of reflection
Material characteristic constant «a;
A=1'0| 2=2'0| 2=8'0
Cold rolled steel 0-024 0:020 | 0-009
Silicon steel 0-025 0-021 | 0-009
Stainless steel 0-013 0-005 | 0-004
Heavy plate steel 0-090 | 0-190 | 0-054
Aluminium (rough surface)| 0-162 | 0-210| 0078
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As g3 becomes higher, y becomes smaller,
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An emissivity measurement apparatus.

Ak (60mmé [HR) 13 HIEE AR Fu e & — & —
(B A-1 §f, 1°0mme) 3 EDRF L L A4t
BORI A LT B L7/ 7 nsEo bic S%E L
7o. BUFHEEVIEMIC CA ZhER (0°29) 2 SiEEE LT
BE Lz, BENOIETEEEORBEMBECZIL
LA UDKRIEL TR o ik, BIEHEDEMEAER
2R L. BENREMIPLRCERAS (H, & N, o
BEFR) EL, HAKL X2 OBERZE L THEHL
A L7, (REVE 950°C £ThshTE 5. HEH»LD K
oA VF I IARE LICEBE LER 7 « vE — (G5
BhAY) ABLTHEIE Lz 71 0% —DE &R {EH
L7z 2 DDOWMGHEERIT 93% THo70T, HMat=ix
(IHXEZWHEL TRRTEZ LS.
_ETM
0-93E,(T)
KERTHEE» OB 28T 52D KsEims L
PIEREET D RS BE 1 D 7201 B LR IN S % B AF L 7=
2 BIRGTR O P RARITHII RO 5 AR TOE Lok
MR ERE CEAMN LB NORZRBEE D &
I Lc. I RISk X ORB IR ERO T h
EFRLTHB. HEEHE 00°5~15,m Tho.

e(T) = I ¢ )|

o6 @® High siticon steel
os ® Cold roiled steel
<
e ®) Temperature 600°C
>~
2 o4t
=
2
e 03
@
® o2t
(54
a
o Ol -
1 ke 1 ! 1 1 1 1 1 i

05 10 20 30 40 50 60 80 I00 120 {40
Wavelength A (xm)
Fig. 7. Result of spectral emissivity measurement
in the case of cold rolled steel and silicon
steel.

— 83 —



2082 & r ©

% 6l £ (1975) E8=

Gaussian distribution
E=Q22
d =0006
N=100
Temperoiure 6C0°C
Wavelength of
defecior A=20um

K

ey

N

NI

XN

%

s W Z)

2% %27

-00I5 -00I -0005 O 0005 00l 0015
-84) -56) (-28) (0) (28) (56) (84) (%)

Fig. 8. Fluctuation of emissivity of cold rolled steel
(equivalent temperature error at 600°C),

Wovelength of
o5t de;e::tlcg
gineon_stefl_ ==~ A=10 um

B Cold_rolled_steel A=10
£ o3} _Silicon steel ___ A=20
3 | e Cold_rolled steel
g |~ A=20
uEJ o2

(o o

O .g 1 L L 1 1 1
0 300 400 500 600 700 800

Temperafure (°C)

Fig. 9. Relation between emissivity and femperature
in the case of cold rolled steel and silicon
steel (Si 1-59,).

Wovelength of detector
OS5

- A=20

o | Temperature 700 °C

Emissivity &
Qo 9 Q
Noo S

o

i 3 1 2 H 1 1
° (o] o5 0 5 20 25 30 35
Silicon content (%)

Fig. 10. Relation between emissivity and silicon
content in the case of silicon steel.

5-2 AEHEREER .

Fig. 7\ EESMAR & ERSRR O 5 Y L oBIEf%Z
Y. BREERTHETE L, RS TAT &L
29, Spm Ll EDREET HEMEESEL RS,
Fig. 8 [ RO BMHBROLEXDBEERRETH 5.
WIEBROEE, HHE, KmkiE (Fv, 7354 1) &
XDMHEBD LAVIE /~E <K, PbS BT (EhikE
2 pm) TIRE 600°C D L X FHH4TEIE ¢ =022 TE
HimZE 6=0'006 T Hofc. ZHIZBEBRELLTH

3°CrY T 5. Fig. Y3RBOBEXREGHOHIESEE
TH5. WThoRBLBEED LR & ic stk
3 %. Fig. 10 3IERBARDO MHEIC X 5 BHROZE(LD
MESERTHD. MH=RIE Si EFREITX D H»i b
L, SOEDEWIEEL LD Z ENEHXI AL 20
CLRLEFOBHMBRELUET HEHT 0 € 2O
RIS RBOREZ LB LT REZEELRLTVS.
Hagen-Rubens MEBI{HIZ LI, FsfR e, ik
RTHE LS.

€2=36"051/ g/ -rrooeeeeeiee it (16)
TZT, p: HAREES [Q-cm]
2 R [pm]

—7, p BEBTEWTIIAE TK it kT 20T
m, (18) X 5
81°¢1/T"""""""'“'"'“"“'""""""""'(17)

&%, Fig. 73 (16) RO EEF MO L, Fig. 9
W (17)5X, Fig. 10 13 (16) ROBSKIBFUKERME L 0
B\ L —HLTws. FCERBED Si §FE».
s, p I KREL LD FORFUNHEETHS. T
NS OFRSITEEE LT WA IERIR BRI S LE
BHEONENFEEZ B LTVWA 2 E %R LTW5S. L
LOFNMERBRZE LD THABRBELTRD X 57k
Fiko =yl

(1) BESRIP P DS O A R & BIFE O I FE AT
HEnd. Thabb, BHAERIEHEETEL, REET
ELxS. HROBFIEMBKREL R B EEMABITE
7%, ROBEDS EFT 51T EMHARIEL 5.

(2) —EEEMTRENPASSETLLEVWES W
WOMPRIILELTE D, TOLEE) de/c IIBHERE
T 0=003 TH 5. '

(3) BHARDOESE, MHBORELY Si aHEK
XoTHh orDF NV — P 5ETo0ERLS.

(4) SHEESIF DR — o %5807 5 IRIEE X,
HOREDBDT, MHAROREZLOREN 8T
T 5 LEMND 5.

(5) ERNEFERT2RANES RIS ESEEL
TWBDTHHITBE X WRIENTE 5.

(6) MAHREIOBREFEEHIZIBLRO X 5 3~
S5 BEOBRANLRBITRESSSLENRD L. RADEHAIE
PbS L&A L7

6. WIERMORHFE

6-1 EMIEEH
W, WERILEDA 774 L HERERCEA SV

— 84 —



-

»

LS AR EEENE Y A 7 ADRRE 2083

TELICEE S A VAR AR 2 #AERT 5 2 &
WRETHD. Lr5i, EEOEGEMFICIIERET
SEEIIHRTELVWEERD L. & 2EFRV R,
WRD 7 7+ ) —RNE VX, BURORTER EORE Y
HHUDRMEE LT Ly, Fhik, FHAEMR
DEARLE LT OBEERNE BT L BICRE L,
HELHIELE LRSHEEFOBERTRSIEL W E S H
OBEFEPETLETH L. i LTEE BT
FAEMNREST 2 L. Cha RO 5 ik
O R F 7=V ERTE B [ HERGR & WA R%E L,
WHHRE R & EARE O FRRAIE I X > THRIET
HETHDH. BRE L cEMNBESoBEREV AT v
L2 (B 0°2mm, DUT{RFEHR &) o CA #
TExTaE7E L, £ ORH % 1 X 7 ) TRl ik i e
LIRS 2. (FERIBENT ORE & BIF 7o S fd
REEHERZ HA - T5. CORNTETERAEER L%
DRE TG R TR T 50, RERE €5 T v
97 74 N—THFERL, REWIHCEETD I SN
AEEEZR L, TOBEIFERCS VT E2RIETE
D & DK R AR U 7ois O AR R E T O REE
VRERARIERS 800°C T 45°C OMENICK I FE 5.
7o BHRRF I AT A HNE T 2B, Es, BN
TR TREEI DL L v Fosdic, 900°C T
T o5& 2“wf&ﬁw%xm%6 Photo. 2 iz B fidi
st e 1t
6.2 %gawm
+ﬁ FCH R R 2 i AHRE T 2 OB ERELR O
DITEINCHIET B BN D 5. BIROHEHRE ST
#%%kﬁ%fwaTm%kmiﬁ5%~®ﬁ%m%
FIFIC L O THIERE/THZ L THE. BEFPICXLD
BIEE s, TUELL, »ofhaEE S o 208
BB WTERT D LEBEZ A o OEHOME» L D
BECHD. EELIIZOBIORLDI/NEIES B

Photo 2. A deteuor of the contact thermometer.

(a) High precision type
(b) Simple type

Photo. 3. Blackbodies for pyrometer calibration.
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Fig. 11. A configuration of a temperature

measurement system.
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Fig. 12. Correspondence of emissivity of silicon steels

which are measured with a contact thermo-
meter in production line and with an experi-
mental apparatus in laboratory.
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Fig. 13. Back radiation is decreased as shielding
flange position approaches to strip.
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Fig. 14. Correspondence between indications of a
radiation pyrometer and a contact thermo-
meter,
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Fig. 16. Temperature measurement during operation
at the continuous annealing furnace.
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Fig. 17. Relation between distance m and
temperature error (theoretical).
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Fig. 20. A method for surface temperature correction.
Surface temperatures are previously corrected
by a CA sheathe thermocouple inserted in
the plate for correction.
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