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Ingot-Breakdown Design of Tower Flange Material
for Offshore Wind Turbine
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Abstract

The ingot-breakdown scheme of a tower flange material (low-alloy steel) for offshore wind turbine was investigated
using finite element (FE) simulations and experimental analyses. Based on compression test results of the low-alloy steel,
a deformation processing map was generated using the superposition approach between the dynamic materials model
(DMM) and Ziegler’s instability criterion. The deformation processing map allowed determination of the optimum
process conditions for the tower flange material. Within the FE simulations of the ingot breakdown process, the
Cockcroft-Latham criterion, which considers ductile fracture, was used to predict the possibility of forming defects during
the hot working process. In general, the critical value for the ductile fracture of steel is 0.74. During the ingot-breakdown
under optimum process conditions, the actual tower flange forgings exhibited a relatively uniform shape without any

forming defects.

Key Words : Ingot-breakdown Process, Tower Flange, Offshore Wind Turbine, Finite Element(FE) Simulation, Low-alloy

Steel, Deformation Processing Map
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Fig. 1 Ingot of tower flange material for offshore wind
turbine

Fig. 2 As-received microstructure of tower flange
material, (a)end (b)middle and (c)center
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Fig. 3 Stress-strain curves obtained from compression
tests at various test conditions
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Fig. 4 Hot deformation processing map of tower flange

material (¢ =0.7)
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Fig. 5 Microstructures of tower flange material( ¢ =
0.7%)

s
o @
bt
N

IS
lo

HEFA Lo HEEET A
} S48l wat olux BA g ol

)3, 1180-1230C, 1/soll A 714 =& &
Eha S-S A & ok 7
ol Ao 2411191 Fig. 5(0)E A

oz AAYol Yoles e @

A
o 1
Bl T30

Hr
X

=)

1o o
4
Ay R OHE ooy o

30 (B o o 3K
o
)
il
=]
3 ke
>,

ol ot L
)
©
o
1SS

S HAPSE106) APE
o, AYIAAENA ()F S
ColEd A Beby ihel A

HFAFA AdRFgW=, Yy
7 Ze WA 4" Jhs
ig. 5(a)¢] WAz
Hodde Holx ¢
g1 & F At 9]
e WEEE 7105013 Al
E g goel AgdAnd 2

Aglol @l 7hestths A& dEh= A

¢

2 1o 0 o
oy 2
rizé
qoE o
mRoggE_
on 0 o
o, o

ot

-

ox W&
o

0, X

00°C ] A

O Mz o rr
o
2
2
2
>
0,
K

o0
ok

[
)
By

e
g
0%
Kl
[m
i
NS
of{
o,

1230C, Wd %
%

2 YNE I3 oA
o] AgelA dojxl WHIFAHA =AY HA
7S WP o® DEMFORM-2D/3D Z 23S
ggste] JE I i Faasrsy
= TSR, AP AN FAYsh= E4 A
=5 AXsl7] f18lA 4274 Cockeroft-Latham 7]
3}

oF 0.74 A= HII[7]3}aL o] Wl X
%7b Zohgel W Amel sl wgFel F7h
7 Hr, o|=s) LETt F7HE4% Do 7
Z7kebAl Aek ek AARES) ALDu %S
ped 48 Ae i ade AFTAL
SeighE sbsel o, B AT Fu
A4 HFAGNEL 4837 AN AAG

Bt=2MIIB 3 X /M 21 MT7E, 2012H/415



Ho
N
S
of,
o
o
o
o
=
ofol
E)
ry

e

Table 1 FE-Simulation conditions of tower flange
material for ingot break-down process

Process parameter Value
Temp. of die 200C
Top die speed 3mm/sec
Friction factor(m) 0.5
Coefficient of heat transfer 11 N/sec/mm/C

Strain - Effective (mm/mm)

1005

Temperature (C)
1244.90

117251
110012
1027.73
995.34
882895

810.66

73816

865.77

(©
Fig. 6 FE-simulation results for ingot break-down
processing obtained from the final stage ; (a)
strain (b)temperature (c)damage contours
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Fig. 8 FE-simulation results of damage distribution
with specimen depth
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Fig. 9 Shape of ingot breakdown processed billet

(b)
Fig.10 Microstructures of ingot breakdown processed
billet, (a)x50 (b)x100
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