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Activities by Nippon Steel Corporation and Group Companies for Offshore Wind Solutions
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Abstract

Offshore wind power is expected to be a major renewable energy source in Japan. Offshore wind
power is used in a wide range of industries, i.e. turbine, foundation structure, float, installation,
operation & maintenance (O&M), power transmission, and the use of electricity. The steel industry
will be able to contribute to offshore wind power in many ways. Nippon Steel Corporation and
Nippon Steel group can contribute to offshore wind power with technologies acquired through
demonstration research projects, and technologies established in different fields, such as maritime
and civil engineering. In this manuscript, we present the technical activities conducted by Nippon

Steel and Group Companies to provide solutions for offshore wind power.
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Overview of offshore wind power considering the contribution of the steel industry
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The contribution of the Nippon Steel group’s steel technology to the offshore wind power system

Wind farm Wind turbine generator

Electrical steel sheet, Shaft, Bearing, Gear

Tower

Steel plate (high strength), Flange, Bolt and nut

Fixed and floating foundations,
Transition piece

Steel plate (high strength, corrosion-resistant), High corrosion resistant materials
(SUS, Titanium), PC steel wire, Bolts and nuts, Pipe and tube, Jacket structure,
UIT (Peening)

Mooring, Submarine cable

Chain, Cable, Anchor, Mooring system, Pipe and tube, Foundry pig iron

Port, Fabrication Vessel

Steel plate (high strength, corrosion-resistant)

Port

Steel sheet pile, Steel pipe pile, Coating, Steel slag

Construction materials and equipment

Steel sheet, Steel plate, Bar and rod, Wire rope, Pipe and tube, Steel sheet pile,
Steel pipe pile, Steel slag

Fabrication Welding technology, Welding consumable
Related field Power grid Transmission tower, Steel pipe pile, Overhead conductor, Electrical steel sheet
Recycle Steel scrap recycle

Hydrogen production and utilization

Low-temperature steel plate, Pipe and tube, Electrical steel sheet,
Hydrogen reduction steel making
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Typical heavy plate steel for fixed-bottom offshore wind steel structure2?

Chemical composition (mass%o)®
C Si Mn P S c” P.”
SM490C =0.18 =0.55 =1.65 =0.035 =0.035 (=0.40)° (=0.26)°
SM520C =0.20 =0.55 = 1.65 =0.035 =0.035 (=042)° (=027)9

a) When necessary, alloying elements other than those shown in the table may be added.

b) Carbon equivalent, Ceq, and weld crack sensitivity, P, are calculated for added elements using the following equations.

C,, = C+Si/24+Mn/6+Ni/40+Cr/5+Mo/4+V/14 (%)

P, = C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B (%)

Mechanical properties
Yield point or proof stress (MPa) Tensile strength (MPa) Elongation (%) Charpy impact energy (J)
SM490C =2959 490-610 =219 =47 (0°C)®
SM520C = 3259 520-640 =219 =47 (0°C)°
¢) Thickness: 75-100mm, d)Thickness >40mm, e¢)Rolling direction
—85— H A& B 8k 8 it H42% (2023)
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Carbon equivalent (mass%)
Ceq = C + Mn/6 + (Cr+Mo+V)/5 + (Ni+Cu)/15
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Improving strength-weldability balance with TMCP3?
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Relationship between Charpy (vTrs) in fusion line (root)
and weld heat input®®
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Calculated sliding behavior of mooring chain link3®

33 BB AT L LVFELRNREEIRAEMR (HERH-
A7)

FHERFELEY AV F77—ATE, BHBEZOLOL
EBVIZ, BEOFEDIE L VAR 2 D B i
MRETH L, 2 TlE, &SR - WEREINZ
TR (IR, PRST) RIMIRE 222 & O F i aF I
FTAHNENRELEBT HLEN DY, MEL fEN ML,
MEFFEHICRAT 2 HIEEZ R AN BEN O 72, BEE
FVER BAl S AR AT ADSRD 5N B, REIMMHER
AN EFEIF 7O 27 MY IZBW T TF 2 —VI2k 5%
AR A TRASN, HARBGBLOHSEKZ Y =7)
27 (BB F = — > DI AN D W THIZE R 1T - 7237,
39, ATKPERERBICL 2T — ) v 7 OEER
HeBTHEAEL L, ZOfEH & F AR O BHR RN 7 —
FEHWTEELF 2= ) v 7 E T 53D
2 (7)) »oRBF - I2B T AEBERE (X8), +
LCESREEY L2 22 TE72 (R19). NS
Raeficmicmeteimz, SHAMM b osEzsiEc LY
F =) 2y QR ETEGEORRE, EeE LR
LTYVAYZTRTHIEN, &ET AW e —k e
L) A ERTHEE LD %, HFIZIEERIT CHHR

Abrasion amount
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Peak Value | ™ line 1

300 Converted — line 3

\ Converted §N abrasiondepth | — line 5
250 abrasion depth " 6.1mm
200 7.1mm ﬁ
150 Abrasion data set at

design time abrasion
100 depth 4.0mm
50
00 100 200 300 400
i Position (m)
g%{ll:figgpgjm gouch 5 (the length of mooring chains
SeipoiLc) from fairlead positions)
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Longitudinal distribution of wear on mooring chain®®

The six-DoF motion data on floating
substructures measured by GPS

Calculation of time history of the
motion of fairleader point
(coordinate transformation)

Calculation of the time history of dynamic tension and
inclination angle generated at each instant in the chain link

i

]
Calculation of “slippage”,
“abrasion volume” and “abrasion depth”
occurring in a chain link contact point

Counting of the generated stress
amplitude and its number of

i occurrences

(using rainflow counting algorithm)

The finite—element method(FEM)
(Investigation of the stress generation
distribution state)

]
Understanding relationship
between abrasion depth and
stress concentration factor

Calculation of cumulative
fatigue damage during
service life
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Overall algorithm for fatigue damage evaluation of mooring
chains®
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Mooring system concept with high tensile parallel wire
strand cable for floating offshore wind turbine3?
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Floating offshore wind turbine
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Fatigue properties of large-scale structural specimens®®
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