EHIR

)1 iy LBk 7
KAWASAKI STEEL GIHO
Vol.17 (1985) No.1

HAENA ENC X B At YP 36 kgf/mm2 # 55 71 84 OO 54 & ik
Properties of YP 36 kgf/mm2 Class Hull Structural Steel Plates Produced by Accelerated

Control Cooling Process

=5 45 (Yoshifumi Sannomiya) Pl 7% (Hiroshi Nishizaki) 7k} 1 (Jun
Nagai) &E# T % (Chiaki Shiga) =FWU§ /A % (Hisae Terashima) PBItR Fask
(Toshihiro Sekine)

g

BEFN 58 4F 4 HIZMA/KSHRIERHT CHE) L 7-% B iOHlE A 315 MACS(Multi-purpose
Accelerated Cooling System) % V>, AH, DH ¥ X O EH #k O HlE7 R AR S YP
36 kgf/mm2 M2 ik L, = OMEREZ A L7, MACS #1E, #ERBNEICK LIKFHEY
#F%x 0.05~0.09%EMTE 5720, HWHARIREIFVRS M0 R ABEEEK T C Akl L O
FRARINENE D U AMEIZ B WD TRERM GEARMTD) X 0 B, E7-RMRE, g C A, KA
RPN TR L O 7 RE CHIERM L R%ELL ETH D Z ERMRTE 12, 2 bl
AR E AR DS OB TR A IS 5 Z LlC K0, A% MRS O — 8 O &R
JTHERFI N 6D EHFTE D,

Synopsis :

Online thermomechanical controlled cooling system named MACS(Multi-purpose
Accelerated Cooling System) was set into operation in April 1983 at No.2 Plate Mill at
Mizushima Works, Kawasaki Steel Corporation. The mechanical properties of YP 36
kgf/mm2 (350 MPa) class hull structural steel plates of A, D, and E grades manufactured
by the MACS process, have been investigated. The plates, manufactured by the MACS
process, having 0.05 to 0.09% lower carbon equivalent than usual, are superior to
conventional steel plates in the welding crack and toughness at the heat affected zone of
a large heat input welded joint. The values of tensile and fatigue tests both in base metal
and in the large heat input welded joint, are satisfactory. The application of the MACS
device to producing higher strength steel with lower Ceq will introduce the increase in
the amount of higher strength hull structural steel plates based on the superior

characteristics of their mechanical properties.
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Synopsis:

Online thermomechanical controlled cooling system named MACS (Multi-
purpose Accelerated Cooling System) was set into operation in Aprii 1983 at No.
2 Plate Mill at Mizushima Works, Kawuasaki Steel Corporation. The mechani-
cal properties of YP 36 kgf/mm? (350 MPa) class hull structural steel plates of
A, D, and E grades manufactured by the MACS process, have been investigated.
The plates, manufactured by the MACS process, having 0.05 to 0.09%

carbon equivalent than usual, are superior to conventional steel plates in the

lower

welding erack and toughness at the heat affected zone of a large heat input weld-
ed joint. The values of tensile and fatigue tests both in base metal and in
the large heat input welded joint, are satisfactory.

The application of the MACS device to producing higher strength steel
with lower C,, will introduce the increase in the amount of higher strength hull
structural steel plates hased on the superior characteristics of their mechanical

properties.
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Table 1 Chemical composition of YP 36 kgf/mm? steels used
, i | Chemical composition (wt 25)
Steel Grade | Thickness | - . ° N Remarks
e e [T e s | A [ Qo] e [re
(ppm)
Al 25
AH36 0.15 0.24 1.02 0.016 | 0.004| 0.029 29 0.32 0.21 B —
A2 s | |
B1 14
B 2 DH36 25 0.15 0.25 1.04 0.0137 0.003| 0.034 23 0.32 0.21
B 13 35 Modified
i L " with
C1 25 0.08 | 0.26 | 1.46 | 0.008| 0.001| 0.0, 40 | 0.32 | 0.16 | ppma Ti
C 2 EH36 35 0.09 0.24 | 1.48 0.006 | 0.002 | 0.023 43 0.34 0.17
C3 38 | 0.08 0.26 1.46 0.008 | 0.001| 0.036 40 0.32 0.16
i M
¥ Co=Ct Mn + Cu+Ni  Cu+Mo+V (%)
15 5
C Ni C
HP=Chpe e S N B Mo YV bse ()
Table 2 Mechanical properties of sample steels
Thickness ! Tensile properties Charpy V notch toughness
Steel Grade (l;:lm) ve 75 E CUN
Direction ! (kglimm?) | (kgf/mm?) (9%) Direction vE& (kgf.m) 509 FATT (°C)
. e ’ L 27.0 -50
A1l | AH36 25 1 38 52 27 T o -
. N = L. 25.3 —55
A2 AH36 35 T 39 55 28 T 51.9 57
. - - L 25.2 —79
B 1 DH36 14 T 39 53 26 T 18 8 _54
L 22.4 —76
Bz DH26 25 T 39 23 24 T 196 —66
L 24.5 —80
B 3 DH36 35 T 42 B5 24 T 21 _72
. . I 27.4 —99
C1 EH36 25 T 40 55 21 7 e o
. . L 29.8 —90
C 2 EH36 35 g 41 55 20 T g 7
- . . L 28.7 —115
C3 | EH3 38 T 38 56 a o e
* @: Test tempe;é£ure, AH36: 0°C, DH36: w20"(: EH36: —40°C - o
Mark  Process | Grade
3 BHESH - 0( & T hacs [AILDH )
& | KTR | EH S
3.1 B#EFRiEY — 20F No mark : L direction /’
— mark : T direction d
Table 2 iz (k4D FHH 3 BEAURE R ds K 0 2mmV 7 5 5 o _ g iPers Cthicknesstmm) L 45
b = ERRERE R R = I I
AFRER TR YPBkgl/mm? Dk, TS50 kgl/mm? 1Ak Z_ gl ,,;5
EEHIZMRL TR, BECHL T2 MACS-ACC & YP36 ) -
kel/mm? 4580 (BUF MACS #f £ B5T) 150k WETAER YP 36 £ sl e
kgl/mm® R (T RERM Z053) ERF D L~k f§RLTY 2 - SE e
TP LA L T htn s Sh ARIRE To SkE (3.5 ot A A4
kgfom) 2+7I5HR LTV %, #5ic AHHE DH 530 509 FATT Y s
38
i WIEERC L ST - 54 PR ORI L TE SO 20 & -120F 38
57 = 74 MHERMNOMEST 0, Lam, Thins bic
—40°C L T, BEoRE -3 — 10~ —130° - disg K — 140 L .
AT BRI D ot (210~ -30°0) ZIERELC S T e -m e —a0 -2 0
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a: B2 steel, 174 ¢
h: B2 steel, 1/2¢

c: Cl steel, 1/4¢
d: Cl steel, 1j2¢

Photo 1  Microstructures of B2 steel {DH36, £=25mm) and C1 steel (EH36, =25 mm)

FEVE 20°C DINTH B,

Fig. 2 Zid e o il el e 7 (Brmi ) oftkpls L
TRt B3 (DH 36, 35mm E) @llEfiid i, Hy (10kg fifu)
WEDEREATIOMATHE S, i3 REET o ()T
REEIAREIE RO L D SRR X4, ZhAAGHIT X Bl e
fLTFEE TV icnhtErtNS, DO MACS Hf ol
WO (fo— DO E V2 3,

Photo 1 (=i (k3 B2 & Cl o v i Binlid & . Bk
RO AMMIZ L BRD Y = T4 b 23— F 4 b OFARAEHEERYS
ENF, FRICC-TRELEY w7 2 T e,
235 P ORAHEARLN TV DY,

3.2 BEERAEIINERSY

Fig. 3 \iflEsp remind & o004, Fig. 4 2iitd y W
BRI Tt MACS MoslahafiuEi, WaDiwois
WITHELTY - FRY 50mm 1 Hv 260 LIFTH b, Bk
COEMF ORI Y 2 — P — P T b+ DU arE2 itk &

DHEVI LRI EY,

VR Vol. 17 No. 1 1585

1.r1 |ETe-heat Bead length
Mark tglrznp. (C mm 2
O RT 125
[ ] RT a0
X RT 10
400+ Heat input=17 kJ cm
X
@ X
&
=
o 00t
2
Honas = 166600 + 40] £ 40
= 200t (Kihara, Suzuki, Tamura)
1
MACS K TR Norma.
100

%5 040 045 50

Carbon equivalent WES (%)
Fig. 3 Relation between maximum vickers hardness and car-
bon equivalent of MACS YP 36 kgfjmm* grade steels
{plate thickness: 25-33 mm)
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Table 3 Fracture toughness of hase metal

Longitudinal

e
Thick. ‘ -
Grade | Steel | () ‘ COD Deepnotch | ESSO COD i Deepnotch
TEe=01 T 8=0.2 Kf(‘fcz)og i Kt(,,az?oo 3o=0.1 | d.=0.2 Hoddv
O ¢o | co |t | v
Al | f<-100 | —100 | — ! — | -&7 | -7z —
AH36 - . i g ' S E— —
a2 | om -5 | —a0 | — | — | -st | -se | —
| B2 % | -7 -7 | —158 | —1 B —
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Fig. 6 Results of COD test (C3 steel: EH36, 33 mm)
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Fig. 9 Mechanical properties of weld joints
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{2 0.1mm % RiEEL, AHS6 © —15°C, DH36 © —48°C r
F Lot —50°C, EH36 ¢ —63°C T Th D, £RABERTIRN P . . ) ) . N
B IRMBTOH Y FHO Ko (@ (kel/mm¥?) 3 400 %753 T8 =60 —40 a0 2
Temperature (C)
EEd DH36 ¢ —23°C, EH36 © —32°C 2, &MWE: b AAH
WHERTF O XY VRO U AR, Jdidf e EmmT Horic i Fig. 12 Results of COD test of weld joint (C3 steel: EH36,
iz 5, Fig. 12 24, #EFHIRR COD (A ofE it ok 38 mm, FCR)

Table 5§ Fracture toughness of weld joints

i I Bond i
Welding —-
Grade Steel Thick. method | cOD Deep | COD
(mm) (H.I. kl/cm) | T . . _“77  mpoth | T -
P O So=0.1  6c=0.27 | Kc=400] (°C) [ dc=0.1 | §o=0.2
‘ ' N L I G & DR D 6 > I L0 (°C)
AH35 Al | | BGW@s) | -6 | =15 | 8 | =5 ~5 | -8 | -7
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DH36 | ‘ | ‘ | | \
B-3 ; 3 | FCB (270) ‘ e A e | -89 ‘ —q7
EH36 c3 | 38 | FCB(25) ‘ —2% | —63 | —3l —32 | —s1 | =75 ‘ —69
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Fig. 14 Fatigue test results of base metal and weld joint of B3 steel {AH36, 35 mm)
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Fig. 16 Relation between C,, WES and abscrbed energy after
flame heating (Grade: AH, DH)
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Table 8 Output of hull structural steel plate produced by
MACS-ACC from Aug. '83 to Mar. '84

®
YP| YP a2kgffmme | YP 36 kef/mm? Total
Grade . gf/mm gf/mm ota
AH, DH 143150 19386 ‘ 162 536
EH 868 3703 \ 4571
Total 144 018 23 089 ‘ 167 107
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