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High Performance Steel Plates for Construction and Industrial Machinery Use
—New Steel Plates for Construction and Industrial Machinery Use,

Having High Strength and Superior Toughness,

Combined with Good Weldability and Formability—
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Abstract:

The requirements placed on the steel plates for construction and industry machinery use have diversified in recent years, as
exemplified by low temperature toughness to enable use in cold districts and improved weldability by lowering preheating
temperature for welding. In order to meet these requirements, JFE Steel has developed new abrasion resistance steel plates
“JFE-EH360LE/EH500LE” and a new high strength steel plate “JFE-HITEN780LE” with good weldability and low temperature
toughness guaranteed at —40°C. These steel plates developed have high hardness or high strength by selecting the optimum
C content and hardenability (D1), and reducing the carbon equivalent (Ceq) in consideration of weldability. The low temperature
toughness of these developed steel plates has been improved by applying the technologies of microalloying, thermo-
mechanical controlled process, and controlled heat treatment process to refine prior austenite grains.
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Table 1 Target properties of new abrasion resistant steel
plates “JFE-EH360LE/EH500LE”

Thickness Surface hardness, Co*
Grade q
(mm) HBW10/3000 (mass%)
6 —19 =0.40
JFE-EH360LE 361-440
19.1-32 =0.43
6 —19 =0.55
JFE-EH500LE 477-556
19.1-32 =0.58

Charpy absorbed energy value is guaranteed at —40°C
*Ceqq = C + Mn/6 + (Cu + Ni)/15 + (Cr + Mo + V)/5

Table 2 Target properties of new high strength steel plates

“JFE-HITEN780LE”
Thickness YS TS Ceg*
Girade (mm) | (MPa) | (MPa) | (mass%)
6 19 =0.40
JFE-HITEN780LE =685 | 780-930
19.1-32 =043

Charpy absorbed energy value is guaranteed at —40°C
*Coq = C + Mn/6 + (Cu + Ni)/15 + (Cr + Mo + V)/5
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*With 10 mme ball subjected to a load of 3 000 kgf
Fig.1 Effect of C content on surface hardness

D), = Dic X MFsj X MFmn X MFcr X MFmo X MFni X
MFyv X MFg X MFcy X 25.40 mml( 10

Dic = (C/10)? x (1.70 — 0.09N)
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MFsi = 0.70Si + 1

MFwun = 3.33Mn + 1

MFcr = 2.16Cr + 1

MFwo = 3.00Mo + 1

MFyi = 0.36Ni + 1

MFy = 1.75V + 1

MFs =130BO0O0OL
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Fig.2 Relationship between Dy and critical cooling rate to
obtain martensitic structure
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Microalloying technology

- Drag effect
Pirior ygrain boundary * Pinning effect
\
. \ - Improvement of hardenability
Cracking route \
\

/ TMCP technology

‘ - Controlled slab heating
Packet boundary
- Controlled rolling

- Accelerated colling/Controlled heat treatment

Fig.3 Effects of microalloying and TMCP technology on
refinement of packet size
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Table 3 Chemical compositions of developed and conventional
steels (mass%)

C Si Mn P S Others | C,.* Dy
4| (mm)

Developed Nb, V, Ti,
steel 0.15 0.41 1.20 0.013 0.002 e, 039 | 46

Convention- :
al steel 0.15 0.34 1.44 0.020 0.006 Cr, Ti,B | 045 | 48

* Cy = C + Mn/6 + (Cu + Ni)/15 + (Cr + Mo + V)/5

Conventional steel Developed steel

50 yum
Photo 1 Prior austenite grains of developed and conventional
steels

50 um

Photo 2 Cracking paths of developed and conventional steels
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Fig.4 Influence of prior austenite grain size on Charpy impact
energy at —40°C
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Table 4 Typical chemical compositions of JFE-EH360LE and
JFE-EH500LE (mass%)

Grade C Si Mn P S Others Ceg*

JFE-EH360LE |0.15 041 120 0013 0002 No: VT o3

JFE-EHS00LE 026 0.31 1.33 0010 0.002 NV Ti g 53

U 54U

* Cyy = C + Mn/6 + (Cu + Ni)/15 + (Cr + Mo + V)/5

100 T T
Grade : JFE-EH360LE
Thickness : 19 mm
80 Welding method : Gas metal arc welding E
= Welding consumable : MG-50 (Kobe Steel, Ltd.)
© Root gap : 2 mm
§ 60F Welding conditions : 240 A-30 V-250 mm/min |
& Heat input : 1.7 kJ/mm
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5 O : Surface cracking
20 F A\ : Root cracking
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(a) JFE-EH360LE
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= 80 | Welding method : Gas metal arc welding ]
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Fig.5 y-groove cold cracking test results
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Fig.6 Brinell hardness and Charpy impact test results of JFE-
EH360LE and JFE-EH500LE
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Table 5 Typical chemical composition of JFE-HITEN780LE
(mass%)
C Si Mn P S Others Cey*
0.15 038 1.18 0.012 0.002 Nb,V,Ti,etc. | 0.39
* C,y = C + Mn/6 + (Cu + Ni)/15 + (Cr + Mo + V)/5
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Fig.7 Mechanical properties of JFE-HITEN780LE

Table 6 Bending test results of JFE-HITEN780LE (Bending
radius: 1.5¢)

Thickness Specimen size Direction Result
(mm) Thickness X Width (mm) U
. L Good
ss X
128 Full thickness X 38 c Good
Full thickness X 200 C Good
. L Good
10 Full thickness X 38 C Good
Full thickness X 200 C Good
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100 T T
Grade : JFE-HITEN780LE

Thickness : 32 mm
80 | Welding method : Gas metal arc welding ]
Welding consumable : MG-80 (Kobe steel, Ltd.)

8 Root Gap : 2 mm
£ 60 Welding conditions : 260 A-33 V-300 mm/min
gﬂ Heat input : 1.7 kJ/mm
g
g 40 |
S O : Surface cracking
20 L A\ : Root cracking
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Fig.8 y-groove cold cracking test result

ooobboooboobobobbooooooooooboboboo
Jogoboboboooooooboboboooooboaon
gb2s000000000000b00bobooboooboo
Jjgboboobobooboobobobobobooobooog
gbobobooboobooboboboboooot

400000

gboooboobobobobooobobobobooot
ooooob -400000000000D000O0JIFE
EH360LE/EHS500LED O O O O JFE-HITEN780LEC LE O
Jjoboboooooboobooboboboboboooog
gooooobobobbbboooooobbooboobooo
COUO00UooooUoooooooouoot
oooo0oU0oLEDOOOOD 20010 500000000
bbobobobobbobobooboboboooc
gbobobobobooboboboboobooooboon
JOoooooOooboobooboobooboboOg 30000tO00
Jooot

oooo

1l 0000000000000 0noe. 55019710 p. 53-62(

2 OO00OO0OO00OO0OO0O0O0Ovol. 740 19880 p. 910-917(

3[ Grossmann, M.A. Trans. Metall. Soc. AIME. vol. 150, 1942, p. 227-259.
40 ASTM A255. vol. 01. 05, 1991, p. 27-44.

50 000000 ONKKODOOnRo. 1790 200200 p. 57-62(

6 D0O0ODO0ODOOOvol 67019810 p. 852-866(

W

ooooo

JFEO D No.5 20040 80



