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High Toughness Steel Heavy Plate with Minimum Proof Stress
of 900 MPa for Deep Submergible Vehicles

Ko MORIYAMA, Hirofumi YOSHIMURA, and Katsuo Kaku

Synopsis :

A steel intended for use as the hull materials of deep submergible vehicles has been developed. The
aimed properties of the steel were minimum proof stress of 900 MPa and high toughness.

The primary research was conducted on several steels containing nickel of a range from 2.5 to 5 percent
with the emphasis on mechanical properties, heat treating characteristics and weldability., The optimum
chemical composition of steel having the above-mentioned properties has been determined as 0.09C-5Ni—
0.5Cr-0.5Mo0-0.05 V with minimal impurities, especially, low sulfur content. Production heats of this
steel were made. Electroslag remelting process was applied to make slabs of ultra low impurities and super
cleanliness. Quenched and tempered steel plates of 65 mm thick exhibited proof stresses ranging from
931 to 960 MPa, and V-notch charpy shelf energy ranging from 172 to 209 J.

This steel plate was applied for the hull material of deep submergible vehicle (“‘Shinkai 2 000°*) oper—

ating in seas of 2 000 meters depth.
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Table 1. Chemical composition of experimental steels.
Chemical composition (wt. 96)
Steel type Thickness (mm)

C Si Mn? P S Ni Cr Mo \Y%

2.5 Ni 50 0.10 0.24 Q.58 0.008 0.006 2.60 0.47 0.38 -
3 Ni 60 0.11 0.22 0.75 0.004 0.005 3.30 0.80 0.44 0.04

4 Ni 65 0.06 0.20 0.50 0.004 0.006 4.07 0.55 0.52 0.06

5 Ni 65 0.09 0.28 0.83 0.006 0.001 5.20 0.50 0.53 0.05
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Fig. 3. Continuous cooling transformation curve

of 5 percent nickel steel. Base composition:

0.09C-5Ni-0 5Cr-0.5Mo-0.05V.
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Fig. 4. Influence of quenching temperature on
mechanical properties of 5 percent nickel steel.

Photo. 1. Optical microstructures of 5 percent
nickel steel quenched from (a) 1050 K and (b)
1120 K. Etchant: Nital, Magnification: 500.
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Photo. 2.

Optical microstructures of 5 percent nickel steel tempered at (a) 870 K,

(b) 900 K and (c) 930 K. Etchant: Nital. Magnification: 500.

Photo. 3. Electron Microstructures of 5 percent
nickel steel tempered at 890 K.  Observation meth-
od are (a) replica (x5000) and (b) thin foil trans-
mission ( x 20000).
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Table 2. Amount of precipitated austenite in
tempered 5 and 4 percent nickel steels.

Precipitated austenite (%)

Steel Tempering temperature  (K)
870 890 900

5Ni steel 3 3 4
4 Ni steel 0 — 1

A b BRI AT Lo RIb R bh, FicE
BB, SPRB LI~y v E LT v
+ A4 LB EOTHE L RIE D b .
—feE NigRTIl, A ELRIDA—ATFHAT
O, BIFEE W BHTHS L RES LT
CoC kasEget oo, S5SNI XLk
B Dt-Hic AN ROBEARESY 110K &L, BEb L
L 870, 890 3 X0 900K oFREE KT HA — AT
F 4 PO BT FOkEE Table 2 1R
F. Chic X s &, HilA—AT A ORI, SNig
i3, MEh & LEE 870~900K T3 ~4 % HiEIh
¥, Moo 4Ni o, 900K T 1 %
MR IR
4.3 5Ni OBERY AV IIERBEETONMKE
5Ni OB A 7 VBRRBRC ST, e

614)15)_

R 620K 0B BmARHNMY L TRALICHE

oMzt Fig. 7 ©rid. £ ORFBR, GHERI K
QFe BT o THIMIME FOBEERTH, TORER

i, KL‘(%%D%FEE]'C VE gy 03:’,1)7I< &L 100 LI E
Hb, BiFcWEE2E LTS,

4.4 5Ni SAOERABRBICLIBERR
LLoXsic, HESMes LTHIE: Bbhhsd SN

— 153 —



1828 B X W % 68 4 (1982) m13e
200 D, LOSTMEHBRNEDLIZ L ALER IR, &

Heating tempcrature 1620K

100} \O

vEw (J)

\oh

0 1 1 L L 1 ! L " L i
1] 50 100
Cooling time from 1070K to 770K (sec)

Fig. 7. V-notch Charpy impact energy at 190
K of 5 percent nickel steel cooled from 1620 K
for various cooling rate simulating thermal cycle
of welding.

Table 3. Chemical composition of slab produced
by ESR process (%).

& Si  Mn P S Ni Cr Mo \%
0.99 0.27 0.79 0.005 0.001 5.05 0.50 0.53 0.08

x
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o,
&
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773 Sulfide
[ oxide

=
U

0
T

Inclusion content (%)

— 1 []

Near 1, Ordinary
surface f’ Vtz ingot

<

Fig. 8. Amout of inclusions in the through thick—
ness direction of ESR slab. Base composition:
0.09C-5Ni-0.5Cr-0.5Mo-0.05V. t: slab thickness

Table 4. Mechanical properties of plate products.

Plate thickness 65mm

Tensile properties Impact properties

*
Direction

Transition

0.29%P S TS ElL RA vEig¢ temperature
(MPa) (MPa) (%) (%) (@D) of DT) Test
(K
L 931 1 009 22 69 209 —
T 960 1029 23 67 202 180
Z — 990 22 67 172 —

* L : Longitudinal to rolling direction
T : Transverse to rolling direction
Z : Plate thickness direction
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