WK o B Bk AR E R

1407

© 1984 IS]J LU T
E % *ﬁ 0) E % ﬁ A % :‘% & ﬁ]‘. lllﬁﬁlﬁlﬁlll
AFE BT Ek K& -EL E
R BEE™- gk F—*
Manufacture of Heavy Plate by Applying Direct Quenching
Kiyoshi BEssYO, Hisashi YOSHINAGA, Seiichi WATANABE,
Masaaki NAKAMURA and Shuichi SUZUKI
Synopsis:

The direct quenching method, as a process of effectively using the heat after rolling is recently gain-
ing interest not only because it saves energy but also because it increases the hardenability of steel. The
mechanism of increasing the hardenability of steel, an outline of the manufacturing method of high strength
steel plate by roller quenching equipment installled on-line in the plate mill and the characteristic pro—
perties of 60 kgf/mm? and 80 kgf/mm? high strength steel plates obtained by the direct quenching method

are described.

1. # B

—BRME A — AT F A P FEIRTILL 72 BE b bE
ANBEFE T v e AREBERALE LFATHS. ZOH
BEEAYIH 1958 SFHMALREINTED, OB
ZhMLERL I mbh vt oo, BB+
SIBEH IR Tk,

EEREALEIMTEME OS5 ik HTMT (High-
emperature Thermomechanical Treatment) D#i%HWp
SWBTHID, FITIXA—ATF A b REH LM
THEOBEARC L DA —AFF A P IMITELD= LT v
HA b (RXAFA ) ~NOMEHE, AT VA E
BRES RS CEALNE T OT . FOBACIIEE
IR LRI TTAECH B, BEA —ATFF 1 FRT
DOMT &M, SMOLFERSCKE IKET S LR,
BEOET, BROEEORFIHEY - b T RRik1E
, BRHCERLE S EOMRRB LRI,

EE D IXEEREA N O BER JIERR~ O # A% Y R/t
B LR, +— A7 71 P EERBRBEARY
175 HRERAThIEB A 60 kgf/mm? §f, 80 kgf/mm?
MomHrEsb Tt cE, RAAMOMELETR
W2 ERRWELE. ZoFROEEITEEEEEL L

THSTERBFEHEMC X s RAkA EZEo—HoBE
DREFIBT 5D C, BROFTRIE EOME LRI
TERRWA, BT 5 & MLFERY, HRAEREC XD
TIRBEAM R B X A BB ED RS K E L, E@PED
M ECHERTHD = LWL IOk,

2. ERBEARBEORA

W ERAL I hcEERARCS UL, BAGE
L LTABEA~NOREREANRSZAG DRIz, LHLEER
ECILPHERG L RS, BTRRck T
O oo B HEENE bhiny. BLs 0
HEBNER L IBAECE T, BbAERGHEN
BETLASV-BHEYAVAZ EABETHBD. A
FU—EBHEMEINT, XX ) EHE L g s sk
LCHRERE A Z L2 FIA LIS DTH DA, HHTET
O HifeH 7 LB X o TH BT LB BRI K
xich, KEOEWHEIAHEN B rbh i
Vo ZOBRHIRIBELCY = » P RHLFTh, m—TF
— 7= vrk LCEREARBCEAIh TS,

v—5— 7= VFEEHFC ) AV RRRCELXE
AT b, + v F A VICRETEE L BSHIRE
HETHERBETHL LHEB LT, EEREAML

B 57 £9 Ak SEE LR CHEE B S8 F98 22 AZfH (Received Sep. 22, 1983)
* BESBTEGHELEREF T8 (Kashima Steel Works, Sumitomo Metal Industries, Ltd.)
2 pE&BT %) KEA# (Osaka, Sumitomo Metal Industries, Ltd., 5-15 Kitahama Higashi-ku

Osaka 541)

¥ BEeBTEM) bR KFEN T (Central Research Laboratories, Sumitomo Metal Industries,

Ltd.)

* R &BTEME) ML (Wakayama Steel Works, Sumitomo Metal Industries, Ltd.)
* b & BT EEMERF (Kashima Steel Works, Sumitomo Metal Industries, Ltd.)

— 93 —



1408 % Lt om

% 70 £ (1984) gi0=

Direct quenching equipment of
Kashima Plate Mill.
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Fig. 1. Comparison of cooling rate of various
roller quenching type equipments (2).
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Fig. 2. Air-cooling curve of steel plate on
the transfer table.
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Fig. 3. Comparison of manufacturing processes
between RQ-T and DQ-T.
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Table 1. The effect of N, sol Al,
V, Nb and B in DQ-T steel.
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Fig. 4. Variation of CCT diagram due to defor-
mation in un-recrystallized austenite region (8).
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Fig. 5. Direct quenching temperature and
ferrite transformation of HT60.
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Fig. 6. Variation of strength of HT60 with direct
quenching temperature. (thickness : 25mm, temper-
ing temperature : 660°C)
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Fig. 7. Comparison of hardness distribution and
microstructure.  (25mmt. 0.14C-0.308i-1.43 Mn
steel)
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Table 2. Thickness and chemical composition
of HT80.

Chemical composition (wt- %)

Steel wes =
{mm i Pls [culnifer [Mo]v [ B [RE[TPem

N-free | 30 (013 10.22|059p0017 oos(0.15| — |091[031{004poazloos?|0 500251

Ni | 50 |01 {030[08I poio poo4(0. 19(1.10/0.51[(Q47[003ocasnoez 05] p2se

Table 3. Tension and Charpy test results of HTS80.
iree| TOMSION testQAH-JIS No.4) |2V Chorpy test () /4t)
Steel 2| Process |l YP 1 75.] E4 | RA | vEo vEo] vTs | vIE
{mm) Kkat/mefofika ) | (%) -m) fkpf-m) (°C) | (°C)
po-7 LL1829/880] 221 644206177 |- 88~ 80
el 30 Ci839|es9| 219/622|158]120[- 69[- 72
Rao-T |£1792[851 | 230| 645|186 163]- 83[- 73
c|so7|seo|219|613]136] 75]- 63- 65
po-7 | -] 803|864] 243| 712] 212|207 |-123]- 126
i | so c | 822]|870| 238| 705[ 201 | 182]-102]- 98
Ro-T L1785 844| 252| 71.6] 224]194]- 87~ 67
C| 786|837| 256| 708 210{ 179]- 84 - 78
50 59
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Fig. 10. COD test results of HT80.
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Fig. 11. Double tension test results of HTS80.
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Table 4. Thickness and chemical composition of
direct quenched and tempered Low N-V steel.

Ihickness Chemical composition (wt. %)

(mm) c|si|m | P | s

v }su.u N | Ceq |PCM

38 011 | 026} 134 [0017 |0002 (006 |0037 PO023| 0.35 | 0.19

Table 5. Tension and Charpy test results of direct
quenched and tempered Low N-V steel.

Tension test (1/41-JIS No4) |2V Chorpy test (1/4t)

SR [fefvs TiJ YR | E2 | RA | vEo |vE-so|vE-eo] vTs
gt k] 0 | 0 | (%) kgfm)|kgfm|tkgfm)| (°C)

L[533]| 639834202757 276|274 175| -67

~ |c|s57| 652|854 280 | 750| 270 | 157 | 174 | -58
ssocxzh. [L] — | — [ = | = | = [>30|210|175] -61
e/ C | 522 | 631 | 832|292 | 743| 290 | 187 | 131] <51
ssoCx3h[L| — [ = [ = [ — | — |>30]|207] 195] -60
e (538|643 | 837 | 291 736|>30(20.1 | 143] -51
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BUurdiel, wPEEASLELIE V. Zokk B 40
~80mm OWEOCHEIZ I\ CTHEEEEAM OBt D

A REF & 70 %919 .80 kgf/mm? gRoO R ERE% Table

2, Table 3, Fig. 10, Fig. 11 8 L CRT.
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Table 6. Mechanical pfoperties of butt welded
joint of direct quenched and tempered Low N-V
steel.

SAW 50kJ/cm [Tension test{2mmV charpy test (i/41)

T hoSmiNoreh R TS
38 e 3
S WM. |96 ] 83| 69<-40
LR 657 {WM
Wire ‘W-404 #)| 656 WM.| Bond | 135| 11.4| 9.9[<40
Flux 1% 100
' A ©5.7)
Preheating : 150°C HAZ |24.1|182]16.4|<-40

SMAW 70kJ/cm [Tension fest(2mmV charpy test (I/41)

red vE o [VE-25VE~4q] V
Notch V&0 vE-25 el VTS

ey o 25N
g 25 ,
WM. {1486 89| 70|-30
455

670 HAZ
669 HAZ|Bond |19.9|204| 73|-38

Electrode :1-62@ @)
Preheating 150°C

(67.0)
HAZ 1268(23! |21.8 <40

EGW I0QkJ/cm [Tension fest|!2mmV charpy test (1/41)
A0y T A%ﬁ)m Notch on) E-25 vE-40 V1S

f. -m) |(kgf-m) *C)
19
i ww |~ | - | - -
62.1 (WM.

625 |WM|Bond | 42| 88| 3.1 [-22

Wire V-2MG(16 ¢)

(62.3)
Preheating:Room temp. HAZ |248|202| 17.2 |<-40
260 222 ComventionatTed]  '%0
@ 4401 —O—Developed
& 420} e sof 2
e 5ok 3 My —~—@—=— Section crack
2 380| / < eol =A== Surface crack
360} b=
g 340f /-// ® 0
B 320 x
8 300f 8 r
£ 280F “//-//.//*/ g 20,
5 260}
HEln 0IiC (Ceq035) o
8 2z0p
20035 50 100 150 o E— s

Preheating temperature (°C)
(1) Maximum hordness test result

Preheating temperature (°C)
(2) y-groove cracking fest result

Fig. 13. Weldability of direct quenched and
tempered Low N-V steel.

AHFbRD. Tiobb, HERANC I OTELLE
BEHEYETAMRYBET S LN TES.
COWENER EDODICHERA S v« A +1ERA
LB2REDNV 2L LT, & N-V 60 kgf/mm? §x
AR Ihi. BELO—HIXTTREN(T A LT X
OTEERAMOBRAMYHECH ETE S L5HL
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Table 7. Thickness and chemical composition of
direct quenched and tempered Low N Ni-free HT80.

[Thicknes Chemical composition {wt- %)

mm) | ¢ [Si|Mn| P | S [cCulNi[Cr|Mo|V | B | N |Ceq|Pcm

38 |0.13|008| 113 poI2j0002(0.25| 0.01|070[0.24 {004 ooaal%oag 052|026

Table 8. Tension and Charpy test results of

direct quenched and tempered Low N Ni-
free HT80.

Direc- Tension test (l41-JIS Nod) Bend test[2mmV Charpy testler)

SR lion| vs Ts | €2 | RA |r=15t | vEo | vE-40| vTs
g rmeillkgt/mf)| (%) | & | 180° lkgf-m)ikgf-m)| °C)

L | 813|864 224|688 good 204 194 |- 74

- C | 8.1 | 856|223 | 682 good 185| 13.1 |- €6
600°C L 772 | 823 | 23.6| 706 good 196 | 13.9 |- 56
x2nhr c | 774 | 826 | 227|682 good 1831 112 |- 50

Table 9. Mechanical properties of butt welded
joint of direct quenched and tempered Low N
Ni-free HT80.

Tension fest [2mmV Charpy test (L/4t)

Welding method
TS Nofch| vEo | VE-30] VTS

in.au"
K om) [ieg trrripositionjpositionfigf-m ) jikg £.m)| (°C)

SMAW
o Lo 63.4| w [Bond [149] 0.1 | 41
ire
%L-80(49) 40 182.11 WM [ mm
Preheating (82.9) rom |5 g(i2.8 [<-50
150°C - LT : fusion
SAW

Bond|I7 | | 94| -33

X705y
45 |83.9| HAZ T
f
_ 7 fusion| 16 9 | 94 | -38
line
70°

Bond|14.5| 69} -23

Wire :x W-805(4¢) 60 |82 7! Haz

Flux :¥B-80 }rg‘r:'an
Preheating . 125°C fusion 15.3| 89| -29
ine
SAW

N Bond |12.6 | 83 | -21
as | = I = I rorm
rom -
from 116.8 |10.0 | -3l
line

Bond{ 96 | 49| - 9

Wire x W-80S@49)

Flux :x8-80 || — | — Hmm
L o rom -
Preheating : 125°C p:eion 13.1 | 4.6 [[5)
i

feboThs. NEXESTHE (V/N HEXZSTS

&) EEEANTIEARGOERE V, Al 2388l T

BEAMENE < T B ERBRT, b & UBER TV RILSH

BAEFTH LB @ X, MEN L 5.
Table 4~6, Fig. 13 3 EoRCESWTHIEL
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Fig. 14. Weldability of direct quenched and v
tempered Low N Ni-free HTS80.
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