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Ultra High Strength Steel Plates of 960 and 1 100 MPa Class Yield Point
with Excellent Toughness and High Resistance to Delayed Fracture
for Construction and Industrial Machinery Use
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Abstract:

Construction and industrial machineries have become larger in size and have been used in severe environments
in these years. Accordingly, market needs for ultra high strength steel plates with excellent toughness are growing.
To meet these needs, JFE Steel has developed new ultra high strength steel plates with excellent toughness: “JFE-
HYD®960LE” and “JFE-HYD®1100LE,” which are applicable to construction and industrial machinery use. The
main characteristics of these new products are refinement of effective grain and uniform dispersion of fine
cementite by ausforming, and rapid heating and tempering. Ausforming is achieved by quenching the work
hardening austenite. And uniform dispersion of fine cementite is realized by a rapid heating using On-line Heat-
treatment Process “HOP®,” which is the Only One technology in the world. These newly developed products,
therefore, have high resistance to delayed fracture as well as excellent low temperature toughness. High resistance
to delayed fracture is an important factor to utilize these ultra high strength steels. Furthermore, these developed
steels have excellent weldability due to a low carbon content and low carbon equivalent design. These developed
steels have already been used in the global market and more demands for these materials are expected along with

the growing needs for the large construction and industrial machineries.
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Table 1 Mechanical properties target for YP960 and 1 100 MPa
class ultra high strength steel plates for construction
and industrial machinery use

Charpy
Thick-| Tensile properties | impact N
Grade  |ness properties | Ce o
(mm) | yS* | TS** [g]ss E e (%)
(MPa) | (MPa) | (%) )
12.0- 980—
HYD960LE 320 = 960 1150 =12 =27 =0.64
12.0— 1 180—
HYDI1100LE 320 =1 100 1500 =12 =27 =0.70

*Yield strength  **Tensile strength  ***Elongation
**%% Absorbed energy at —40°C
wH*x*Carbon equivalent=C+Mn/6+(Cu+Ni)/15+(Cr+Mo+V)/5
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oe®: Direct quenching-furnace tempering
oo : Reheat quenching-furnace tempering
Open: Yield strength, Solid: Tensile strength
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Fig.1 Strengthening of steel by direct quenching
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Fig.2 Effects of ausforming on microstructure and mechanical
properties of HYD960LE steel: (a), (b) Optical
micrographs, picric acid etching; (c), (d) EBSP images;
Finishing rolling temperature of (a), (¢) is 924°C and
that of (b), (d) is 782°C
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Fig.3 Uniform dispersion of fine cementite of HYD1100LE
steel by ausforming and rapid heating and tempering:
rolled in (a) Recrystallization temperature region and
(b), (¢) non-recrystallization temperature region of
austenite; Heating rate of (a), (b) is 0.3°C/s and that of
(c) is 20°C/s (= : Lath boundary, — : Within lath)
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@ : Rolled in recrystallization region-slow heating
# : Rolled in non-recrystallization region-slow heating
B : Rolled in non-recrystallization region-rapid heating
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Fig.4 Improvement of low temperature toughness by
ausforming and rapid heating and tempering of
HYD1 100LE steel
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High resistance to
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Fig.5 Improvement of resistance to delayed fracture
by rapid heating and tempering
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Photo 1 Suppression of hydrogen induced quasi-cleavage
fracture by uniform dispersion of fine cementite of
HYD1100LE steel: (a), (b) SEM images of fracture
appearance of hydrogen-charged specimen; (a)
Ausforming and slow heating (TS=1 310 MPa); (b)
Ausforming and rapid heating (TS=1 278 MPa)
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Table 2 Chemical compositions of the developed steels

(mass%)
Gadle | C Si Mn P S  Others | Ce
(%)
Cr, Mo,
HYD960LE |[0.13 0.37 1.5 0.010 0.002 Nb, B, etc. 0.57
Cr, Mo,
HYDII100LE |0.17 0.41 1.1 0.007 0.001 Nb, B, etc. 0.59

x3 FRMOBMERE (HRE 32 mm)

Table 3 Mechanical properties of base plates of the developed
steels (t: 32 mm)

Charpy
Tensile properties impact
Grade properties
YS* TS** El*** VE—40°C****
(MPa) | (MPa) | (%) J) Developed steel

Remarks

EEEEE
HYDOY960OLE | 1061 | 1123 | 31 191 (DQ

HYDI100LE | 1173 | 1277 | 23 61

6 HYD96OLE $HM (a) HREABEI AT E LV (b), (¢,

*Yield strength  **Tensile strength  ***Elongation
**** Absorbed energy at —40°C

*#xx*¥DQ: Direct quenching

wxakikHOP: Heat-treatment On-line Process

(a) 450
400
350 [eoetetyaglugm A seetgetteten,
300 |
250

HV10*

0 5 10 15 20 25 30
Distance from surface (mm)
*HV10: Vickers hardness obtained using a 10 kgf force

) B

50 um ! T30um

50 um

(d) 2 70## (RE32mm) : (b), (c), (d) +1 %
WTyF>T; (b) RE1mm; (c) IRE 1/4tEB ; (d)
REF/DEB
Fig.6 Hardness distribution (a) and optical micrographs
(b), (¢), (d) through plate thickness of HYD960LE
steel (thickness = 32 mm): (b), (c), (d) nital etching;
(b) 1 mm from surface; (c) quarter part of plate
thickness; (d) middle part of plate thickness
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Table 4 Welding procedure and welding conditions of
HYD960LE steel

LNTEY, SHBITITARMEMO=— PRI > TV
CHDETERET %o

Plate thickness

32 mm

Groove configuration | X-Groove
Welding method GMAW (90%Ar-10%CO,)

Welding consumables

Heat input

1.2 mm¢
17.3 kJ/cm

Preheat temperature | 150°C

Interpass temperature | 125-175°C

Bohler Thyssen Union X96 solid wire-

SEXM

1)
2)
3)
4)
5)
6)
7)
8)

%5 HYD96OLE $HDBEMFIEEE (ARE 32 mm)
Table 5 Mechanical properties of welded joint of

HYDY960LE steel (t: 32 mm)

9)
10)
11)

12)

Tensile properties Charpy impact properties

13)
Grade %
TS* (MPa) Fractured |1 0 ion vEac 14)
position ) 15)
WM 50 16)
1057 | WM . 17)
HYD96OLE | |20 | wypesr | FL 50 ®
HAZ*#*%%% 180 19)

*Tensile strength  ** Absorbed energy at —40°C
***WM: Weld metal  ***FL: Fusion line
****HAZ: Heat affected zone
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