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Steel Plates and Fatigue Solution for Offshore Wind Turbines in Fukushima Floating Offshore

Wind Farm Demonstration Project
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Abstract

Floating offshore wind farms are essential for increasing the efficiency of wind power generation
in Japan because ocean areas that have high wind potential are spread over Japan’s deep-sea areas.
The Ministry of Economy, Trade and Industry in Japan (METI) launched the Fukushima Floating
Offshore Wind Farm Demonstration Project in 2012. The aim of this project is to strengthen Japan’s
competitive position in the global wind farm market. Nippon Steel & Sumitomo Metal Corporation
participated in the project, and demonstrated that both TMCP steel plates for large heat input
welding and UIT technology for solving the problems associated with fatigue are useful in offshore

wind turbine structures.
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Project member and Main role

FORWARD member

Marubeni Corporation [ Project integrator ]
The University of Tokyo [ Technical adviser ]
Mitsubishi Corporation

Mitsubishi Heavy industries, Lid.

Japan Marine United Corporation

Mitsui Engineering & Shipbuilding Co., Ltd.
Nippon Steel & Sumitomo Metal

Hitachi Ltd.

Furukawa Electric Co., Ltd.

Shimizu Corporation

Mizuho Information & Research institute, Inc

Main role
Feasibility study, Approval and licensing, O & M,
Collaboration with fishery industry

Metocean measurement and prediction Technology,
Marine navigation safety, Public relation

Coordination for grid integration, Environmental impact assessment
V-shape semi-sub(7MW)

Advanced Spar, Floating Substation

Compact Semi-sub(2MW)

Advanced steel material

Floating Substation

Large capacity undersea cable

Pre-survey of ocean area, Construction technology

Documentation, Committee Operation
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PSS, FHROEEHAICELRNEEHRE LT
AR E 2B NK AR R &R (N1 7 > 8)
KD36-TM, KE36-TM & L7z, KD36-TM (& TiN = FJH L
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7ko> HTUFF #3572 #H L 7275 HAZ 878 Cd %o #H
AL CTORAME R OEE T HEEERL, —i&EH
L LTKD36-TM i 25mm J5, EEMEIAHHE LT
KE36-TM (% 40mm JE & 50mm JEDJETH 2 FidE D7 3 Fl

=2 BEFHE
Target properties

Steel standard

Tensile properties
Thickness

Test temperature of Charpy

: KD36-TM, KE36-TM
. YP = 355MPa, TS 490-620MPa
: 25-50mm
: KD36-TM: —20°C in base metal,
0°C in welding joint
KE36-TM: —40°C in base metal,

impact test

—20°C in welding joint
Welding method : FCB, EGW, SAW
Maximum welding heat input : 10-31 kJ/mm

=3 BIRMBEOILERSD (mass%)
Chemical compositions

e Lz, BESRE, o tslint&k2, R3I1CZ
NEIURT . BHRL, HARORE I L - miEsREsE i
3 (Y 7~—Y7—7E#EE (LT FCB), =L
7 han AEEE (UUF EGW), 7 ~—U7 — 7 gk
(SAW)) %M L7z AWFFECHEA L EEFEO—E%
RKAITRT,

TEFEET OB EIZIE A & L NK SARH R M f 12 e
LTz uply, plkalEr mEHBICI VL 72 ~
7 WRBR TR D FHEREHEO B 2 1 L7z 15
BRIT VAR & 1 2 S0 U2A 53 BR T 2 4R L, i
BRI, BEEREEERANDS V /v F v )V E—illE
Fr (JIS Z 2242) #FRELL 720 BRSO 3R FHRIU iE
B2 1FE A RS

32 ERBERRUER

K5I O M2 R T, BIEEORE, TN,
AT NOWHELTBY, BIFRMETH 5,

X 32K EOREN LT OWiH ~ 7 1A G E
ART o BCOBEHEMF I T A RETAAZAELTEDY,
R, BTAANE, BEAR, ToOMOFELALND
KBGIEEED SN o720

RO K BEHEMTOT IR R 2RI MRS
BEFTIENT LG RS S OHHEE (TS © 490-620 MPa,
NK AR AI K ) #ELTBY, 2o Tl LT
WHIEDD, THRMTFIIERSEG LTV b,

Steel  Thicness . . o e .
® standard  (mm) Si Mn P S Others Ceq LRV T- O L v )V ¥ — SR A R T, »
A KD36-TM 25 013 022 1.18 0.011 0.003 Nb, Ti 033 T EHEME (NK SR M i) ZieL sy, +
B KE36-TM 40  0.11 029 1.30 0.010 0.002 Nb, Ti 0.33 SRR LTV b,
C KE36-TM 50  0.12 029 1.31 0.008 0.002 Nb, Ti 0.34 e G . < 44k 2, — N
VT v - e ®5 SR FORENZ 3 7 DMiE =Y. WEho
eq=C+ + (Cr+ Mo + + (N1+Cu e e Ol - P N ~
BHAR D B 72 I 7 ol a2 R L T\ %235, F§#2 HTUFF
?%4 ?é‘*%jj_;f Cap bcd e Cap bcd e
Welding methods Lamm i Jimm 2 257 ¢
= [ (=
1di iti
Steel ~ Thicness Welding conc.h ons \
o. . Welding ) [ |
standard  (mm) Position Heat input L /= ]
process ) \ | / 30
Al Flat FCB 16 kJ/mm Ly \ ) '
KD36-TM 25 - Timm
A2 Vertical up EGW  10-11 kJ/mm Root a bce
Bl Flat FCB 31 kJ/mm a:WM, b:FL, c:HAZ2mm, d:HAZ5mm, e:HAZ10mm
KE36-TM 40 Flat (a) FCB, EGW (b) SAW
B2 i SAW 12 kJ/mm ) B
(two-run welding) M2 #FSrLE-RBAORRUEE /v FUE
Cl KE36-TM 50 Vertical up EGW 28 kJ/mm Sampling of test specimens from welded joints
*5 HAHEOHEREIFE
Mechanical properties of developed steel plates
. Tensile test Charpy impact test
Thicness — —
No. Steel standard (mm) Direction, YP TS EL Direction, Temp. vE
mm
location (MPa) (MPa) (%) location (°C) Min./Ave. (J)
A KD36-TM 25 T, 1/4t 419 527 24 L, surface -20 291/310
B KE36-TM 40 T, 1/4t 429 557 28 L, surface —40 256/272
C KE36-TM 50 T, 1/4t 409 539 27 L, 1/4t —40 271/299

T: Transverse direction, t: Thickness, YP: Yield point, TS: Tencile strength, EL: Elongation, L: Longitudinal direction
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Results of welded joint tensile tests

No. Steel standard Tensile strength Frac.t.ure
(MPa) position
Al KD36-TM 540 Base metal
A2 KD36-TM 561 Base metal
(a) FCB, B1, (b) SAW, B2, (c) EGW,C1 B1 KE36-TM 533 Base metal
B2 KE36-TM 565 Base metal
3 BEGFOMEYI/OER cl KE36-TM 577 Base metal
Macroscopic appearances of welded joints Class NK M ~ 490-620 ~
(Al)350 (A2)359
<300 | Ocw _Testtemperﬂreﬂ: <0 | oo Tesnempera:reo"c
u°>_, 250 BRoot 9>_, 250 | BRoot _
200 - ‘E’zoo g
E’ 150 Criteria E 150 Criteria
-:g. 100 | VEZ47) é 100 | VEZ34)
2 50 -} T E 50 T
0 0 -

wM FL HAZ HAZ HAZ WM FL HAZ HAZ HAZ
2mm 5mm 10mm 2mm Smm 10mm
(B1)300 (B2)s50 (C2)300 =

Testtemperature -20°C Testtemperature-20C Testtemperature-20'
N Ocap N Ocap = Ocap
S 250 _ S 300 - S 250
o — N oy ] BRoot i
w w250 (— w
> 200 > >
& & 200 @
@ 150 1] g
e g — e
@ Criteria o 150 Criteria : Criteria
o °
310 VE247) B VEZ4T) 3 VE234)
1] 3 !
S 2% <

0 - 0
HAZ HAZ wMm FL HAZ HAZ HAZ HAZ HAZ
Smm 10mm 2mm Smm 10mm Smm 10mm

(A1) KD36-TM, FCB, (A2) KD36-TM, EGW, (B1) KE36-TM, FCB, (B2) KE36-TM, SAW, (C1) KE36-TM, EGW

4 BEMRFOD vILE -—FEARER
Charpy impact toughness of welded joints

10
C KD36 TN OKD36-T™M
= 0 _.Les:_'r.emne[a.tm_.;.‘:.__-_-__.___\._-__-.
o Conventionalsteel \ @KESSTM
S ‘O FCB ,
; £ -10 - ' 5. -
STy g Neew  Clem o7 \\
‘2;@.?;‘/ 2 € O 0 K6\ Rl 2
gf?%\ 3 S 1] ~ test temperatue. < P /. EGW &
3 g E ” FE
s >-30 - 7 Phe
F t -
S 40 - \ SAW(Ca/p)/ ’HT_'UFFstegI
E \! A (refined HAZ grains)
g '50 T T T T T T
0O 5 10 15 20 25 30 35
Weld heat input (kJ/mm)
. KE36-TM. EGW 20l/mm | : 6 FEE]I} ;:) Dy IVE-HEEBRRE (vTrs) EBEAZED
M5 SEEMTF FLIEED I 7Ok Relationship between Charpy vTrs in FL (Root) and weld
Microstructures of welded joints heat input
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0.7 Plate thickness 60mm, X groove
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Advantages of high heat input SAW in arc time
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x7 KBEBEETIVEFHERE YP460 ik
YP460 steel plates used for large-scale structural fatigue specimens

Chemical compositions (%)

Mechanical properties

Thickness - : :
. Yield stress ~ Tensile strength ~ Elongation
(mm) C Si Mn P S

(MPa) (MPa) (%)

25 0.09 0.29 1.51 0.013 0.002 564 623 20

0.09 0.29 1.51 0.012 0.002 584 657 19

50 0.10 0.05 1.42 0.009 0.004 527 620 19

,,,,,,, X .":, Bracket ;;
Lo
fgrooves
Floating offshore wind turbine Flange "i~-\-_./
surface
Appearance of bracket end after UIT
Support Support §
\4 Flange y
2,450 - Web- g
/159 [—Stiffener
~~Flange
250 1,400 Loading 2,200 L°amnéq} 360

=00 (Unit:mm)

X8 XAEEEETIVIEFRERE
Large-scale structural fatigue specimen
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OB L 2 KT = VI R B A 2 35 L 72 ()
8)o KFPEMIZET 7S50, w7, AFT7FH—n5
B 1 Wi OREHT, T DAY O R it 2 B
S U2 AP TR CHEEE L, 4R 5500mm DY
SRR B UEL 7 BHIET7 Ty 7 AR TA Y —
AW A AL =V FT = 2T, Y=V FHAX CO,
T A Y =135 IR S S90MPa MER DM & Lz vt
DEFELEM TR SN TV LRGBS L,
REREIIFHAREIEL, 20 b 2813754 v Ml
LingiemiE s (AW) T, BYo2MKIIFE 757 v k
Ui A A LSO KEHE, 77y Mo ¥ — Nk
WS UIT % 56 L 720

F72, AMROETOREEEE 7OV SR BRI L C,
Fln] LA 3SR 2 B R IRl 4TI o7 S AT L 7
WE 2 UIT ZHiL 720 UIT (213K E Applied Ultrasonics
#%8 ESONIX® 27 UIS % Hv 7z H3REWE#IE 27kHz T
FTEVY VEZEL 3mm, CUHERPEEL 3mm & L7z,

4.1.3 EHRER

KIUHE 3 € 7 VP 57 BRI 2 T B 2.5 MN OB A
FERORELE 57 3Bk 2 F 720 2o DU i PRt R 41 &
DSR2 MO 7 v DREOSHIS T o #FHIL, 20
LENHEIFH (AFICEF) Ac %% 2RBIACTRL D 2K
HEIZREE L72e P9I RIR RSP TIT v, PR
W, IR =01 DR IRYFEFTHERE L, FWEE L= 0.5
~ LOHz THIE L 720 BERIED 7 F 7 i i n] Ui eSS
DIRFEN &5 5 — Rkl d 5\ i UIT FTEER G
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4.3 /fE
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200

©
o
= UIT specimens
e] L
5 100 O & .5
(o) | AN
S 80 i \\\
© 60 - As-welded > A
@ . N Increase
17) specimens ~_ o infatigue
g N.  strength
2 40 B m=3 \\
2 Structural models NG
€ T YP460 >
3 R=0.1inairat R.T.

20 4 I 5 I 6

10 10 10 2x10°

Number of cycles to crack initiation, N;

K9 KEEBEETIVEFRERADES IS
Fatigue properties of large-scale structural specimens

#roH g fE 4 F o#c 4005 (2014)

DIEATBIZENT 5 75 4 v M Al LR % ok S &
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REClE, MEBMFARELY 1 2 F7 7 — A OFFEH
FEDOBEEE & RABGEH TMCP i K g5 V) a—a v
DRI B EHERE A L7z KABWARH TMCP
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