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Development of Water Quenching Technique for Cold Rolled Steel Strip

Kazuhide NAKAORA, Kenji ARAKI, and Haruo KUBOTERA

Synopsis:

The cause of deterioration in strip shape in the course of water quenching has been made clear, and
the water quenching technique for steel strip has been developed. The deterioration of strip shape results
from the uneven disappearing (particularly from the edge of strip) of vapour film on strip surface. In order
to improve the shape, it is necessary to quench the strip under such a condition that vapour film is not
formed. This condition can be realized by spraying water to the strip uniformly with the impinging
pressure of over 15 cm aq. until the strip is cooled below the transition temperature from film boiling to

nucleate boiling. This condition of jet stream of water can be industrialized by means of ar appropriate
arrangement of slit nozzles and the suitable control of water pressure in headers. The most important
point in the nozzle arrangement is to make the intervals between nozzles less than those between nozzle
plates and strip. The shape of quenched sheet can be improved to the same level as that of shipped cold
rolled sheet through the appropriate control of quenching conditions.
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(a) Quenching into still water
(b) Quenching between spray headers
(developed technique)

Photo. 1. Shape of water quenched sheets.
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Fig. 1. Cooling curves of water quenched sheet and

the temperature difference between the center
and the edge of the strip in course of cooling.
Procedure of vapour film disappearing is shown
also schematically in relation to cooling curve.
(water temp. 50°C)
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Fig. 2. Cooling curves of ethanol-quenched sheet
and the temperature difference between the
center and the edge of the strip in course
of cooling. Procedure of vapour film disa-
ppearing is shown also schematically in
relation to cooling curve. (ethanol temp.
20°G)
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Fig. 3. Typical curve of boiling heat-
transfer?.
AB; nucleate boiling
BC; partial film boiling
CD; film boiling
4t; temperature difference between quen-
chant and material
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Fig. 4. Experimental apparatus for measurement of
relationship between the impact pressure of
sprayed water and uniformity in temper-
ature across sheet width.
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Fig. 5. A part of directly observed data on the effect
of impact pressure of sprayed water on the
temperature difference along the width of
the strip and the cooling curve.
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Fig. 7. Apparatus for measuring the distribution
of impact pressure of sprayed water.
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Fig. 8. Distribution of impact pressure for the four
typical combinations of header interval (D)
‘and nozzle interval (L).
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Fig. 9. Optimum combination of header interval
(D) and nozzle interval (L).
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Fig. 10. Distribution of impact pressure under
higher header pressure for the same com-
bination of D and L as that of Fig. 8@.
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Fig. 11. Experimental plant simulating the water
quenching of wide steel strip.
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Fig. 12. Cross sectional representation of water-
spraying headers.
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Fig. 13. Nozzle arrangement with top slit inclined

downwards by 45 degree.

Table 1. Relation between shape index (SI) and the rank of edge wave.

The rank of edge wave
A B C D
Measurement — 252, 406 686, 1473 1 945, 2900
S Range <100 200~500 600~1 500 1 900~3 000
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14. Advantageous effect of inclining the top

slit downwards by 45 degree on the im-

provement in the shape of quenched sheets.

(sample dropping speed; 100m/min, nozzle
arrangement; (2) 20 (2)20(2)20(2)20(2) 20
(2)20(2) and <5) 80(2) 20(2) 20 (2) 20 (2)
20(2)20(2)20(2), header interval D; 80
mm, water temp.; 50°C, spraying method; in
water)

Symbolizing of nozzle arrangement
{ayb(c)d(c) means that top slit is inclined
downwards by 45 degree and its opening
is ¢ mm. 2nd and 3rd slits are horizontal
and their openings are ¢ mm, the interval
between top and 2nd slit is & mm, and
the interval between 2nd and 3rd slit is d
mm,
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15. Effect of nozzle interval L and water pres-

sure in spray headers on the shape of
quenched sheets (SI).

A, B, C; rank of edge wave on table 1.
(sample dropping speed; 100m/ min, nozzle
arrangement; {5»80(2) x (2) x (2)--- (2) X
(2) nozzle intervals (X) and number of
nozzles are variable, header interval Dj;
80 mm, water temp.; 50°C, spraying me-
thod; in water)

DTS IBa#HE Lo TGERTED XSk 5. (Fig.
4 BIUCUHBO ERBERITES VT, koo, 7
ZANVERBEESTEDLTY, ThOBEWIIMNR2 oFRx
nTw5.)

Fig. ©:15 @RI B IIET A v £ —RNAKEL ZY v b
fiifm (L) oEsrd. HRoF 1S Iths
72, A, B, CI3HEEMRTHS. ZOEBTIE, ~v ¥
~FifE (D) 3 80mm THBHDT, AY v bER(L)
A 40mm & 20mm OFEH, 31 OG5 OH|
EX D, EEERECSLTEE Ly L HEIN-&4
TIRIET S, FRES D, ZOFHET TR EHIELA »
F—RNAKERZRLEZ LiITX b, BESHRAKS I <100
p)@%&ﬁ%&hé;gvté 1B ER TR DS E
{750k, 15ecmAq. DLEOBEBESERCIIELH
BB THD. BAKERITEL L5, &FEX
Jy FETRE4°ZLTWS LRV E, LRDIBROMK
HAKRELRENETH S BEBBIELTHBLEY,
BImEOSEIELELTWwWS L=20mm O, &
o ->Cwsd L=40mm P&l L b (Fig. 8),
ks BIF e OV EBRIEV. D2 LV, RSO
BT, LA 40mm 3hiE, BBTHEIUZOR
FSESEBERBRTED LWOIHRCER2TVS

FEEITIE, FRESELTBE XN VWERB—E

¢ (B BT BoTwbZ EitXbEBbhs. B
kX, i L=40mm X9 L=20mm DOFHFH
X3, 40mm OBEETD, 100 TFToS INELHR
DT, 31 THHRARA-L v, AL L—DOMEREZ
HIEATYE, TEWCE, L=40mmDF4REE L
Bbnhn. Fig. 15 KPR L—DEEDOHERTHS
2, ZBHRZLL—OPETHRROBER LS.

Fig. 16 iRz JIETHEMKIRORE 2T K
BH 50°C B2 5 LIRS EBMICEL LS. Thid50
CEAB2 5 LWEMAIE» T CFEEL 2T IR
REicin b, EMEE CTHERIEXPTELICRIBRETERL
B EEBEbhs.

Fig. 17 e®Re s I ETHBOMRTERE (71~
T4 FE) oREsRT. Kbk, EhFlzdb
P, BTERESEL DT oh, BRIERCELLD
zEpbr . R, BRIk bicoh, KBEEO
BEENDIRLBDHT L, BIW, BHEINEETEH
OWEFKMZERET 55X 5L b5DT, RAROEBEDI X
DE—IRB LRI EEFEILND.

Photo. 1 ()L LOPBESZRIcH ES&FAFH I
A AN SN BEAMDOIIRTHS. S 11338y
TH5H, BRTHRERERESLALEDLNEL, iz
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Fig. 16. Effect of temperature of spraying water
on the shape of quenched sheets (SI).
(sample dropping speed; 100m/ min, noz-
zle arrangement; (5) 80 (2)20(2)20(2)20
(2)20(2)20(2)20(2), header interval D; 80
mm, spraying method; out of water).

2 —EOMN D o7 BB LNV, EET A
T, ZOBEARDIEKE TR EIER & RKETH 5 &
E2DLENTEDS. (a)DRIREMET TORBEAED
AR & e~ SR mROEREE AT 28R 0
KEWZ LHR—[ERAREICILS. ok, ZOEANRTOWR
FgAterE, 3k~FEE: 0.8 mm/E x 900 mmiE x 2 000 mm
, NEAERE: &y 700°C, FUEIETEE: 200m/ min,
7 ZVEREE: {5)80(2)40(2) 40 (2) 40 (2)40(2)40(2)40(2)
40(2), ~v #—fif@: 80mm, ~ v & —K7kE: 0.36
kg/cm?, Zkif: 50°C, AFL—FR: KPR TH%.

4. & s

EHA b)) oy FEBHIRX DRI EAN ST AET S
HRAROERZBIAL, BIRX CHEANS 7D DKEE
ABTORRE 2 A a7, BONRERIROEESY TH
5 .

(1) WRFRBEOAERT, KEAESRCHEREER R
LR AEATR I —T (e » o8> 5) BT 5
PHETHB.

(2) BHREkETETSIC1E, 15cm Aq. LA EO@EREE
T HOMWEE A ) v P — gt L, HEEsR4
LW E S HREETRA MY » P8I+ 5 2 & 20ET
H5. '

(3) ZoEFEEMtE, =2 MY v POBAEMICOUT
2V vy b ZVEBESEET, 2 M) v TOETHRA
WWERBELL, 5D, BEAAT L -~y & —FKEZ 5
FTELZXVERLS B, '

100

Shtu)

50

| | £ {
0™—%0 100 200
Sample dropping Speed (m/min)

Fig. 17. Effect of sample dropping speed on the
shape of quenched sheets (SI). (nozzle
arrangement; <5>80(2)40(2)40(2)40(2)40
(2)40(2)40(2), header interval D; 80mm,
water pressure in headers; 0.36 kz/cms?,
water temp.; 50°C)

(4) 2V v b/ ZNVOERBETCHFERAE, 2Y v b
fofbmas, # 2AiReE 2 Y v TOMORR & RRE
KTHTETHS.

(5) WERWEHEGEFRETDHIERED, KEA
WOTIRE, HEEEMEE FAREC EFcthEshs.

Teds, TRILELFR O BEEIESLE OKBEASMIX, LR
OB L DEFREI SN D DOTHS. KR EOFE
FERIEE 0.3 mm BEOEMA MY » I LTDH,
EIALTEOEETHFRINL TV 5.

AR G E SRR PR SRS T OB o—IR & L
TehbhicbDTHS. WEET T 5 LELAE
RN E, FMRARDO AEE R ShAER
IEEAEIIIERR, BN —B FRE, REZZERE, &
LI Z ORI RN &N, MIRRITCHI-2THE
LI B Wi eI EETR R, MERERE, X
BREHEREZE COBEMRED F 2 ciE <EHvcLE
.

{52 1 JEIk{EH (Shape Index : SI) @A

TIBHRE TR, 3%, (FEOBS)/ (o v F)T
HiEB*HELLTWw5H, EARDESIE, B
WL ShVEETRL, €y FR—ETERVWOT, it
DOETRIET TR, 22T, BEEEYETTLHE
ELTRATEZ OB (S 1) #FH /.

s1=3{/ (@r—ar- 4 Gimbrm? — @i—ai)}
7272 L, an—a,=%9 1000 mm
iz, a, b ¥ Fig. 18 @RT XS5, ThFThik
ORFHAICHE] D EE, BXUCEBR» 5 OERMTH
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MBS D, BMAPIET LTV B EE0ROEX L, FEiR
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