


Turbine (MW) 0.2 0.6 1.0 1.5 2.0 25 3.0 3.0 3.0 7.0
Rotor diameter 29 48 59 705 80 100 104 86 90 127
Tower head mass,t 16 38 57 227 180 183 212 174 158 712
Tower height, m 30 50 70 80 76 98 105 80 105 138
Tower weight, t 14 53 60 140 200 280 213 224 255 2,800

@ Table 1 Tower height and tower head mass (including nacelle, rotor, hub etc)

the generator increases from 2.0 to 6.0MW, the weight
also increases. Correspondingly, to support this greater
mass the height and weight of the tower also increases as
thicker steel plates and more sections are required.

The current materials of choice for tower construction are
steels with a minimum yield strength (YS) of 355MPa to EN
10025-2 Grade 355 or ASTM A572/A709 Grade 50. These
are used largely because of their widespread acceptance as
readily available weldable structural steels with reasonably
good strengths. Typically, these steels are formed into
conical segments that are then welded together to form
the tower, with the lower segments having thicker plates.
The segments themselves are connected by bolt flange
connections. A typical wind tower is shown in Figure 2.

As has been well demonstrated in other market sectors
@ Fig 2 A typical wind tower construction such as automotive, oil and gas pipeline systems, the use
of higher strength steels (>355MPa YS) can afford several
advantages resulting in significant cost savings. Higher
strength would allow a reduction in the tower shell thickness,
leading directly to lower material costs, lower fabrication
and welding costs, as well as reduced transportation costs.
Figure 3 highlights the weight savings that can be made
when moving to higher strength steels from S355.

Although a reduction of the weight of the construction
itself is possible, for wind turbines, maintaining the
loading capacity given by the strength and safety of the
construction is of prime importance (eg, resistance against
buckling). Recent studies?! have investigated the use
of high strength steels with minimum yield strength of
690MPa for the tower application and found that such
steels can be applied to wind towers, and in particular
for the lower section of the tower. This could lead to a
® Fig 3 Weight savings when moving to higher strength steel reduction of nearly 65% of the original shell thickness.
However, it should be noted that while the use of higher
strength steels for the lower tower section is feasible,
construction of the entire tower with S690 steels would
also lead to a reduction in the dead weight of the tower
and consequently the Eigen frequency of the tower (ie, the
normal modes at which the tower will vibrate).

When considering the anticipated market size, forexample,
for power-deficient countries such as India, and assuming
that an average 2.5MW wind turbine generator will require
at least 85t of S355 plate for fabrication, this would equate
to a market requirement of nearly 1.17Mt of plate steel for
the towers alone if only 3-section towers are considered (all
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FORMING PROCESSES I _

Grade $355J2G3 S355ML S460N S460ML $690Q
Route N TMCP N TMCP Qr
Thickness, mm 25 25 50 50 25

C 0.16 0.08 0.15 0.07 0.09
Si 0.41 0.35 0.40 0.25 0.41
Mn 1.36 1.53 1.50 1.55 142

P 0.012 0.012 0.012 0.012 0.015
S 0.007 0.005 0.004 0.004 0.002
Nb 0.030 0.025 0.040 0.040 0.035
\% - - 0.12 0.04 0.050
Ti 0.001 0.005 0.012 0.015 0.038
Mo - - - - -

Ni - - 0.55 0.25 0.020
Cu - - 0.55 - 0.012
Cr 0.010 - - - 0.023
CEV 0.389 0.335 0.497 0.353 0.343
Pcm 0.311 0.227 0.354 0.206 0.250
YS (MPa) 380 395 >460 >460 789
UTS (MPa) 555 555 >560 >560 834
YS/ UTS 0.685 0.712 - - 0.946

@ Table 2 Chemical composition of $S355 and higher strength steel grades

onshore). Therefore, to reduce overall steel consumption and
costs, higher strength steels must be considered to keep
wind power generation economically feasible. 300

350

250

STEELS FOR THE TOWER
The tower typically makes use of EN 10025-2 Grade S355
or ASTM A572/A709 Grade 50 specification and these
can be made via a traditional hot-rolled normalised (N)
route, a nomalised-rolled (NR) route, or more effectively,
via a thermo-mechanically controlled processed route 5o
(TMCP). The NR route incorporates an element of lower
temperature rolling, thereby removing the need for a %20 -100 -80 60 40 20 0 20
normalising heat treatment, however, it is important that Temperature (Deg C)
the final plate has a microstructure and properties similar
to steels produced via the heat treatment route. For higher ® Fig 4 CVN for a conventional normalised and a TMCP steel (both
strength, grade S460ML can also be used, and which is 350MPa)&!
processed via the TMCP route.

As seen from Table 2,the TMCP steels have lower CEVs than
the normalised steels of the same yield stress. Furthermore,
the TMCP steels have excellent toughness as illustrated in
Figure 481 where the brittle fracture is significantly reduced
by niobium microalloying and the use of TMCP rolling. With
conventional steels, due to the higher carbon content, there
is a risk of hydrogen induced cracking at the heavier gauges
(>30mm) and therefore such steels are pre-heated prior
to welding. However, due to their low carbon content the
TMCP rolled steels do not require preheating, thus saving
time and money. As shown in Figure 5% even a S460M
rolled steel does not require any preheating at 30mm, and
therefore this allows for significant cost savings both in

200 S355ML
Nb - TMCP

150

100

Charpy-V impact energy (J)
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Steel YS uTs -500C Upper Shelf Fracture Fatigue
(MPa) (MPa) CVN (J) CVN (J) Toughness Endurance Limit

Kic (MPa.m'/2) S.(MPa)

Low 448 524 366 380 412 303

C-Nb

Medium

C-Nb 441 565 4] 163 258 269

Medium

C-Nb Normalised 393 531 108 217 275 241

@ Table 3 Mechanical property comparison®!

200 heat treatment. Furthermore, steel plates supplied in the

NR condition are, by definition, required to maintain the
specified mechanical properties following a normalising
heat treatment. However, the ASTM specification does not
have this normalised heat treatment as conditional, thus,
when the end user specifies the ASTM A572/A709 Grade

Comparison of S460N vs S460ML
Q=2 kJ/mm

180

160

Normalised

140
120
100

Preheating Temperature (Deg C)
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20

20 40 60 80 100

Plate Thickness (mm)
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@ Fig 5 CVN for a conventional normalised steel and a TMCP steel
(both 350MPa)=!

terms of material weight and less welding consumables (ie,
less steel used), but also time.

For wind tower designers and engineers, selecting the
correct plate material grade and its process route is very
important. A recent publication™ evaluated low and
medium carbon Nb-microalloyed plate steels for wind
towers and found that in order to comply with the NR
definition of EN 10025-2, a medium carbon microalloyed
steel should be used if the material is to be normalise
heat-treated. Otherwise a low carbon Nb-microalloyed
TMCP steel should be used, which affords improved
impact toughness and fracture toughness as compared
to medium carbon steels. The paper evaluates in depth
the mechanical, fracture toughness and uniaxial fatigue
properties of the types of steels that are typically available
for wind tower applications.

Plates ordered with low temperature CVN requirements
often specify a requirement for ‘NR' (eg, +N delivery
condition). Structural steel plates produced in the NR
condition will require control of the hot rolling process
such that the final deformation is accomplished over a
temperature range, which will produce a microstructure
and properties equivalent to that obtained in a normalising

50 specification, a low carbon (less than 0.10%C) steel
chemistry design is often applied.

An evaluation was made of a typical low-carbon A572/
A709 Grade 50 to comply with the NR definition of EN
10025-2 as part of the collaborative research project. It
was determined that these low-carbon HSLA steels, which
achieve their excellent balance of strength and toughness
principally via ferrite grain refinement and a reduced carbon
level, did not have sufficient capability to retain the specified
tensile properties after normalising. This relationship is
illustrated in Figure 6™1. Based on these results, as well as
similar studies, it was determined that to comply with the
EN 10025-2 NR definition, a medium carbon steel must
be employed to ensure that the specified minimum as-
rolled mechanical properties are retained after normalising.
However, this situation seriously deteriorates the fatigue
and fracture toughness performance of higher carbon NR
and/or normalise-heat treated plate steels compared to as-
rolled low carbon Nb-bearing wind tower plates.

Asaresultofthe normalising heattreatmentoption, higher
carbon and manganese levels are necessary due to the
softening effect during heat treatment. Another drawback
of the higher carbon grade is increased steelmaking costs
compared to a low carbon Nb-microalloying approach,
where castability and slab surface quality is significantly
improved in the form of increased casting speed and lower
rejects for defects since the higher carbon peritectic issues
are eliminated.

FATIGUE AND FRACTURE

TOUGHNESS IMPLICATIONS

The improved fatigue and fracture toughness properties of
the as-rolled low carbon Nb-microalloyed steels compared
to the NR and heat treated medium carbon Nb-microalloyed
steels are remarkable on industrially produced heats as



FORMING PROCESSES

shown in Table 3™1. There are several implications relating
to future wind tower designs involving specifications, the
selected carbon level and steelmaking/rolling practices.
Therefore, considering future civil engineering challenges
and design trends of higher wind tower structures as well
as lower elevation wind towers, several specification and
chemistry issues need to be addressed. For example, based
on these results the implications of specifying the EN
10025 NR delivery condition are clear: the steel chemical
composition constraints imposed result in wind turbine
tower plates with reduced weldability, toughness measured
as Charpy V-Notch and K. The second implication involves
cost. The cost of steelmaking and welding in low carbon
steel are reduced compared to the medium 0.15%C steel.

IMPROVED QUALITY OF CURRENT WIND
TOWER STRUCTURAL PLATE

EN and ASTM specifications allow wind tower plate
producers to design a very wide chemistry range of
carbon and manganese levels in the final product. Internal
CBMM estimates are that more than 75% of the global
wind tower structural steel supports exceed 0.15%C and
in developing countries they may be approaching the
allowable specification maximum carbon levels of 0.22%.
There are a variety of reasons for this practice relating to
the process metallurgy, mill configuration and furnace
reheating efficiency and performance. Some mills choose
the higher carbon level approach to achieve strength, but
sacrificetoughness, weldabilityand product performancel®l.
Some mills have been unable to adapt their heating and
rolling operation to accommodate low carbon microalloy
mechanical metallurgy practices. In these cases, the plate
production approach has not taken full advantage of the
Nb solution to lower carbon levels which increases yield
strength, ductility, fatigue resistance, fracture toughness,
weldability and quality.

Another reason for the higher carbon S355 chemistries
involves the normalising heat treatment requirement in
some wind tower specifications. Typically a 0.15-0.18%C
steel is applied due to the loss of strength during the
normalising heat treatment.

CLOSING REMARKS

The role of Nb microalloying in the production of high
strength steel plates (grade S355) for wind towers is well
established. In particular, those plates produced via the
TMCP route afford excellent weldability, low temperature
toughness produced via a cost-effective steel chemistry
design and process route. For example, in developing
nations such as India with the potential of an additional
14,000 wind tower units alone, the opportunity to use
higher strength S460 Nb-microalloyed steel plates would
allow a 20% reduction in plate thickness and result in

Norm 31.75mm

AR 31.75mm

Norm 25.4mm

AR 25.4mm

Norm 20.0mm

AR 20.0mm
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AR 15.9mm
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@ Fig 6 As-rolled (AR) low C-Nb versus normalised
(Norm) heat-treated comparison!*!

significant savings in the total tower construction weight
and cost. Further savings could also be made by small
additions of Nb to develop higher strength rebar (>450MPa
YS) possessing good bendability and weldability for use in
the tower foundation structure. s

CLOSING REMARKS
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