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1.4 General note on deliverable 

In this current issue of the deliverable, many of the requirements are fulfilled but not all to the 
same level of detail or accurateness. This is the reason that this report should still be 
regarded as “in progress” with the aim to deliver the final before the end of 2016. 
Main items that need more attention or intended to execute for the final deliverable: 

 High level Finite Element Analysis for generator air gap analysis; 
 Better scaling and TRL conclusions for the 10 and 20MW concepts; 
 Expansion of conclusions. 
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2.3 Load level for concept development 

The main dimensions of the concepts in this deliverable are based on DNVGL experience on 
similar size machine projects which cannot be disclosed. 
 
In order to check if these main dimensions can be applied validly for the Innwind project 
structural design concept investigations, a high level load comparison is performed.  
In the torque paper from the University of Denmark [6] load levels are presented for a 178m 
rotor 10MW machine with a kingpin configuration. In Table 2-2 the yaw bearing Mxy_max load 
levels of both load sets is compared. 

Table 2-2: Yaw bearing load level comparison 

  DNVGL load set  
200+m rotor 

Torque paper load level 
178m rotor 

Mxy_max_yaw bearing [MNm] 92 110 
Mz_max_yaw bearing [MNm] 67 70 
 
The comparison shows that the Mxy_yawbearing load levels are at the same order of magnitude 
but the torque paper is higher. The reasons for the differences can be various (blade design, 
controller-operating settings etc) and will not be further discussed in this deliverable. 
It is assumed that the DNVGL load levels that were used to establish the main dimensions for 
the 10MW-198m concept are plausible and applicable. 

2.4 Cost prices for concept evaluation 

Important part of the evaluation and comparing of the different concepts is the cost 
evaluation. 
The cost evaluation will be performed on a high level using unit cost prices. Based on industry 
feedback the unit cost prices presented in Table 2-3 have been used in concept cost 
evaluation. The cost is based on a fully machined and finished component. 

Table 2-3: Cost prices for concept evaluation 

  Unit cost price [€/kg] 
Fabricated component Standard 2 
Fabricated component Complex 3 
Cast component Standard 3.5 
Cast component Complex 5 
 
The high level cost analysis is sensitive to the unit cost used. It should be noted that the raw 
steel prices are mostly world prices but can change a lot over time. The cost of manufacturing 
the component has been taken into account in the unit cost prices. It is important to realise 
that the location of manufacturing has a large impact on the unit cost price. In the cost price 
above it is assumed that the components will be manufactured in Europe. 

2.5 Scaling factors 

For the 10MW-178m size rotor a 3D CAD design is generated from which geometric data can 
be derived directly. To generate geometric data for the other size configurations, scaling is 
applied. 
 
The increase in load based for a larger rotor diameter approximately scales with the power 
law of 2.3 over the rotor diameter. This means that for a rotor diameter increase from 198m 
to 278m the expected load increase is roughly (2782.3/1982.3)=2.2, slightly more than 
double. Knowing that bending moments are generally the driving type of loading, the required 
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scaling factor for a tubular type shape structure is 2.21(1/3) = 1.3. This factor is applied to the 
10MW-198m configuration 3D CAD model components to generate mass estimations for the 
other configurations. 

Table 2-4: Applied scaling factors 

Drotor1 
(base concept) 

Drotor2  Power law  Load increase  3D CAD scale 
factor 

[m]  [m]  [‐]  [‐]  [‐] 

198  178  2.3  0.78  0.92 

198  252  2.3  1.74  1.20 

198  278  2.3  2.18  1.30 
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need to be smooth in order to avoid large stress concentration. In the hub with 
extenders design, the angle between the extender and hub highly likely results in 
strength problems. 

 The 3 large extenders are relatively expensive due to the size and might be difficult to 
cast; 

This decision has a large impact on the individual mass of the hub becoming much higher 
than stated in [5]. 
 

Figure 3-2: Hub design used for Concept 1-SCDD, Concept 2-SCDD and Concept 1-PDD 

 

3.3 SCDD generator structural design 

Generator bearing 
To reduce the risk of large generator air gap deviations introduced by deflections of the main 
load carrying components a generator bearing solution was introduced. Using a generator 
bearing solution the generator can isolated from these deflections. 
In Figure 3-3 a generator bearing is illustrated for SCDD1. In the concept a Double Taper 
Roller Bearing (DTRB) solution is applied using the “O” configuration (moment taking 
solution).The DTRB solution was selected as it geometrically fits well in the assembly. 
The bearing stiffness behaviour has a substantial influence on the behaviour of the air gap, 
especially the rotational stiffness. Air gap requirement might well lead to a stiffer bearing 
solution like a Widely Spaced Tapered Roller Bearing (WSTRB) which would require a slightly 
different bearing housing and shaft solution.  
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Figure 3-3: SCDD generator DTRB concept, SCDD1 example 

  
 
Torque-only connection rotor hub to generator rotor 
The choice for a generator bearing leads to the requirement of a torque-only connection 
between the rotor hub and the generator rotor. This can be established with the use of 
hydraulic rubber pads integrated I the torque path, illustrated in Figure 3-4. 

Figure 3-4: SCDD generator torque only compliant connection, SCDD1 example 

 
 
The hydraulic pads transmit the torque by the stiff behaviour in the pad normal direction but 
the pads are compliant in the other directions isolating the generator from the relative 
deflections between the rotor hub and kingpin. 
In the installation process these pads can be positioned and then individually pressurized. 
This type of torque-only solution is currently used in the Alstom 6MW Haliade machine for the 
torque transmission to the direct drive generator, so there is a level of industry use and proof 
of system.  
There are other types of torque-only transmission solutions but in this work package no 
further investigations are performed. 
  

DTRB 
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Generator structural design 
For the SCDD generator concept design work it is assumed that the generator structure will 
be fabricated. Due to the large size it would make a casting difficult, very expensive and 
possibly impossible. 
 
Figure 3-7 shows the three different sizes SCDD for the reference windturbine using the 
active generator component sizes of Table 3-1. 
 

Figure 3-5: SCDD1, SCDD2 and SCDD3 generator structure concepts 

  

 

The possible load influences on the generator air gap deviation are: 
 Generator rotor and stator structural stiffness behaviour; 
 Generator bearing  stiffness behaviour; 
 Main generator magnetic forces:  
 Normal force: magnetic attraction perpendicular to the rotor and stator mounting 

surfaces; 
 Torque force: action and reaction tangentially to the rotor and stator mounting 

surfaces; 
 Gravity force; 
 Additional eccentric generator magnetic force resulting from rotor-stator eccentricity 

from the combination of the above mentioned influences; 
 Centrifugal force (rotor); 

 
The main forces on the stator and rotor structure are the generator normal forces and are 
therefore the design driven loads for the generator structural design.  
In Figure 3-6 and Figure 3-7 the structural design of the generator and rotor and stator 
structural components are presented.  
The stator structure has a wheel like structure with two rim plates and a thicker outer cylinder 
to which the generator stator part can be mounted on. The two rim stator structure is a 
natural stiff shape and will deflect little to the magnetic forces. 
 
The generator rotor the structure goes around the stator and is open on one side (up wind 
side). The structure is therefore less stiff than the rotor structure will be more influenced by 
the generator magnetic forces. To withstand the bending moments I-beam like structures are 
applied at 30 degree intervals around the structure.  
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The smaller diameter inner parts of the stator and rotor structures are thick forged rings 
(weld-able). Both structures need to have sufficient openness for the fabrication process and 
maintenance access and cooling. 
At this moment a plate thickness of 25mm is used for most of structural plates. Only the 
cylindrical plates to which the generator active parts are mounted are 50mm.  
To make a better judgement on the main structural design and plate thickness high level 
Finite Element Analysis (FEA) can be applied. The main FEA focus is on the generator air gap 
and general stress levels in the structure. 
{At this stage the FEA is not yet performed, but will be later and added to this report} 

Figure 3-6: SCDD generator structure concept, SCDD2 example 

 
 

Figure 3-7: SCDD generator stator (left), rotor (middle) structural concepts and generator kingpin + torque 
transmission (right), SCDD2 example 
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3.4 Concept 1-SCDD 

In Figure 3-8 the R&N concept of the upwind rotor mounted SCDD generator is presented for 
the different 3 generator configurations  

Figure 3-8: Concept 1-SCDD, with SCDD1, SCDD2 and SCDD3 

 

 

 
 
For all three generator configurations there is clearance between the generator structure and 
blade although for SCDD3 the clearance is small.  
 
Upwind from the windturbine rotor, the large generator structure can be positioned freely 
from other structural components of the R&N assembly.  
The upwind location of the generator makes it possible to lift off the generator without the 
need of taking the rotor off in the event of a generator exchange. 
 
For the SCDD1 it will be easy to fit the generator within a spinner cover. For SCDD3 it might 
be necessary to have a separate generator cover which could be a disadvantage for normal 
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maintenance but could be an advantage in the event of removal of the generator. In that 
event the generator could benefit from the cover protecting keeping it protected from weather 
conditions. 
 

Figure 3-9: Cross section Concept 1-SCDD, SCDD2 example  

 
 
 
 
 
The shape of the rotor king pin is deliberately chosen as large as possible maximising 
components strength and resulting in an efficient loaded bolted connection to the mainframe.  
The upwind diameter of the rotor kingpin should be sufficient to design a strong enough 
bolted connection to the generator.  
The access to the generator is easy due to the large inner diameter kingpin. The access to the 
blade root is a bit more difficult because first the hole through the kingpin and then also a 
hole in the hub need to be passed. 

Table 3-2: General dimensions of the main load carrying components 

  Dimension[m] 
Hub 
 
 

Pitch bearing interface outer diameter 5.2 
DW main bearing housing diameter 3.6 
UW main bearing housing diameter 3.1 
General casting thickness outer shell 0.11 

King pin 
 

UW bearing seat diameter 3.17 
DW bearing seat diameter 2.55 
Total length 5.39 
General casting thickness outside bearing region 0.12 

Mainframe 
 

King pin interface outer diameter 3.2 
Yaw bearing interface outer diameter 5.65 

 

  

Rotor hub 
Cast iron 

Rotor kingpin 
Cast iron 

Auxiliary frame 
Fabrication 

Mainframe 
Cast iron 

Gen kingpin 
Forged steel 

Gen rotor 
Fabrication 

Gen Stator 
Fabrication 

Widely spaced tapered 
roller bearings 
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For the different SCDD generator concepts the following evaluation of mass and cost has 
been made in Table 3-3. 
 

Table 3-3: Concept 1 SCDD generator concept mass and cost price estimation (reference wind turbine 10MW 
178m rotor) 

  SCDD1 SCDD2 SCDD3 CC Unit price HTSC1 HTSC2 HTSC3 
  [kg] [kg] [kg] [-] [€/kg] [€] [kg] [kg] 
Torque  
transmission 8,000 8,000 8,000 CC2 5 40,000 40,000 40,000 

Generator  
kingpin 13,000 13,000 13,000 CC1 4 45,500 45,500 45,500 

Rotor  
structure 81,000 93,000 104,000 FC2 3 243,000 279,000 312,000 

Stator  
structure 49,000 46,000 51,000 FC2 3 147,000 138,000 153,000 

Total  
structure 151,000 160,000 176,000     475,500 502,500 550,500 

Gen active  
parts mass [4]: 153,000 118,000 96,000   - 706,000 579,000 509,000 

Total 304,000 278,000 272,000     1,181,500 1,081,500 1,059,500 
 
The outcome is interesting as it shows that the final difference in mass and cost is relatively 
small. 
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3.5 Concept 2 SCDD, 10 MW concept with downwind rotor mounted SCDD generator 

In Figure 3-8 the R&N concept of the downwind rotor mounted SCDD generator is presented 
for the different 3 generator configurations  

Figure 3-10: Concept 1-SCDD, with SCDD1, SCDD2 and SCDD3 

  

 

 
 
For all three configurations there is sufficient clearance between the generator and blades 
due to the blade cone angle and there is also enough space between the generator and the 
tower because of the drivetrain tilt angle.  
The generator concept now determines the amount of rotor overhang. The smallest diameter 
generator (SCDD1) moves the rotor quite far forward which does not necessary means this is 
a problem, possibly even an advantage resulting in more blade-tower clearance. 
 
In this configuration the generator kingpin is a main load path component. The generator 
kingpin and the bolted connections need to be designed to transmit the rotor loading. 
Having the generator between the rotor and the mainframe requires taking down the rotor in 
the event of a complete generator exchange. 
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Figure 3-11: Cross section Concept 2-SCDD, SCDD2 example  

 

 
 
 
 
Also in this concept like in SCDD1, the shape of the rotor king pin and generator kingpin are 
chosen as large as possible utilising strength of the component and efficient bolted 
connections.  
The access in SCDD2 is similar as to SCDD1 with the main difference of the location of the 
generator opening opportunities of better access directly from the mainframe side especially 
when the generator is located inside the nacelle cover. 
 
The dimensions and masses of the main structural components are the same as for concept 
SCDD1 and specified in Table 3-2 and Table 3-3. The only main difference is the generator 
design that is slightly different. 

Table 3-4: Concept 2 SCDD generator concept mass and cost price estimation (reference wind turbine 10MW 
178m rotor) 

  SCDD1 SCDD2 SCDD3 CC Unit price HTSC1 HTSC2 HTSC3 
  [kg] [kg] [kg] [-] [€/kg] [€] [kg] [kg] 
Torque  
transmission 8,000 8,000 8,000 CC2 5 40,000 40,000 40,000 

Generator  
kingpin 60,000 46,000 39,000 CC1 4 210,000 161,000 136,500 

Rotor  
structure 83,000 96,000 106,000 FC2 3 249,000 288,000 318,000 

Stator  
structure 37,000 41,000 44,000 FC2 3 111,000 123,000 132,000 

Total  
structure 188,000 191,000 197,000   610,000 612,000 626,500 

Gen active  
parts mass [4]: 153,000 118,000 96,000  - 706,000 579,000 509,000 

Total 341,000 309,000 293,000   1,316,000 1,191,000 1,135,500 

Rotor hub 
Cast iron 

Rotor kingpin 
Cast iron 

Auxiliary frame 
Fabrication 

Mainframe 
Cast iron 

Gen kingpin 
Forged steel 

Gen rotor 
Fabrication 

Gen Stator 
Fabrication 

Widely spaced tapered 
roller bearings 
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The cost of the generator is slightly higher than for concept 1 SCDD mainly due to the higher 
cost of the generator kingpin. Also for concept 2 SCDD, the final differences in mass and cost 
between the different generator concepts is relatively small. 
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4.3 Concept 2-PDD 

The assembly of Concept 2-PDD shows that it is possible to integrate the PDD generator in 
what could be called a more conventional rotor nacelle layout. 

 
 

 
 

 
 
 

Rotor hub 
Cast iron 

Mainshaft 
Cast iron 

Auxiliary frame 
Fabrication 

Mainframe 
Cast iron 

Lantern 
Cast iron 

PDD 
generator 
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The size of the generator is still very large in comparison with a conventional gearbox or 
generator and can therefore not be easily located anywhere above the tower. In this relative 
conventional concept layout the generator must be located further backward and fall behind 
the tower top.  
To mount the generator to the structure the choice is made create and extender (lantern) that 
is bolted to the back of the main bearing housing. The space inside the lantern can be used 
for a torque only coupling device. 
 
It is important to realise that for this concept the outer part of the PDD is stationary. 
Feedback from Magnomatics is that this PDD configuration can be created. 
 
For this size of machine (200m rotor) it is likely that tapered roller bearings can still be 
supplied although limits are reached. For the 252m and 278m rotor sizes of this 
configuration, currently no TRB’s can be supplied. 
 
Direct access to the hub could be established by large holes in the main bearing housings 
and smaller holes in the mainshaft. The generator is located inside the nacelle cover what is 
a good location for maintenance. It could be possible to lift out the generator through a top 
hatch in the nacelle cover but this might not be easy due to the large diameter of the 
generator. 

Table 4-1: General dimensions of the main load carrying components 

  Dimension[m] 
Hub 
 
 

Pitch bearing interface outer diameter 5.2 
Mainshaft outer diameter interface 3.2 
General casting thickness outer shell 0.11 

Mainshaft 
 
 

UW bearing seat diameter 3.17 
DW bearing seat diameter 2.55 
Total length 4.8 
General casting thickness outside bearing region 0.12 

Mainbearing 
housing 
 

UW bearing seat diameter 3.6 
DW bearing seat diameter 3.1 
Total length 4.62 
General casting thickness outside bearing region 0.1 

Mainframe 
 

Height at centre x 2.05 
Yaw bearing interface outer diameter 5.65 
General casting thickness outside main interfaces 0.14 
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Table 5-2: Mass and cost for 10MW 178m rotor concepts, focus on main structural components, scaled from 198m rotor concept 

  Concept 1-
SCDD 

Concept 2 
SCDD 

Concept 1 
PDD 

Concept 2 
PDD 

Cost 
category 

Unit 
price 

Concept 1-
SCDD 

Concept 2 
SCDD 

Concept 1 
PDD 

Concept 2 
PDD 

  [kg] [kg] [kg] [kg] [-] [€/kg] [€] [€] [€] [€] 

Hub 86,000 86,000 86,000 76,000 CC1 4 301,000 301,000 301,000 266,000 
Pitch Bearings 22,000 22,000 22,000 22,000 SB 15 330,000 330,000 330,000 330,000 
Other Rotor parts 15,000 15,000 15,000 15,000 CC1 4 52,500 52,500 52,500 52,500 
Total Rotor (excl 
blade) 123,000 123,000 123,000 113,000     631,000 631,000 631,000 596,000 

Main Bearings 4,000 4,000 4,000 4,000 TRB 30 120,000 120,000 120,000 120,000 
Kingpin 39,000 39,000 39,000 0 CC1 4 136,500 136,500 136,500 0 
Mainshaft 0 0 0 36,000 CC1 4 0 0 0 126,000 
Mainframe 57,000 57,000 57,000 39,000 CC2 5 285,000 285,000 285,000 195,000 
Yaw bearing 6,000 6,000 6,000 6,000 SB 15 90,000 90,000 90,000 90,000 
Lantern 0 0 0 9,000 CC2 5 0 0 0 45,000 
Main bearing 
housing 0 0 0 52,000 CC2 5 0 0 0 260,000 

Mass other Nacelle 
parts 30,000 30,000 30,000 30,000 OP 10 300,000 300,000 300,000 300,000 

Total Nacelle 136,000 136,000 136,000 176,000     931,500 931,500 931,500 1,136,000 

Total R&N structure 259,000 259,000 259,000 289,000     1,562,500 1,562,500 1,562,500 1,732,000 
 
The rotor hub mass of 86 ton presented in Table 5-2 is smaller than the hub mass of 105.5 ton presented in table 9 of the 20 MW Reference Wind Turbine document 
[5]. 
 
 
 
 
  



 

25 | P a g e  
(INNWIND.EU, Deliverable 3.41, Conceptual nacelle designs of 10-20 MW wind turbines 
 

Table 5-3: Mass and cost for 20MW 252m rotor concepts, focus on main structural components, scaled from 198m rotor concept 

  Concept 1-
SCDD 

Concept 2 
SCDD 

Concept 1 
PDD 

Concept 2 
PDD 

Cost 
category 

Unit 
price 

Concept 1-
SCDD 

Concept 2 
SCDD 

Concept 1 
PDD 

Concept 2 
PDD 

  [kg] [kg] [kg] [kg] [-] [€/kg] [€] [€] [€] [€] 

Hub 190,000 190,000 190,000 168,000 CC1 4 665,000 665,000 665,000 588,000 
Pitch Bearings 49,000 49,000 49,000 49,000 SB 15 735,000 735,000 735,000 735,000 
Other Rotor parts 24,000 24,000 24,000 24,000 CC1 4 84,000 84,000 84,000 84,000 
Total Rotor (excl 
blade) 263,000 263,000 263,000 241,000     1,400,000 1,400,000 1,400,000 1,323,000 

Main Bearings 9,000 9,000 9,000 9,000 TRB 30 270,000 270,000 270,000 270,000 
Kingpin 85,000 85,000 85,000 0 CC1 4 297,500 297,500 297,500 0 
Mainshaft 0 0 0 79,000 CC1 4 0 0 0 276,500 
Mainframe 126,000 126,000 126,000 87,000 CC2 5 630,000 630,000 630,000 435,000 
Yaw bearing 13,000 13,000 13,000 13,000 SB 15 195,000 195,000 195,000 195,000 
Lantern 0 0 0 19,000 CC2 5 0 0 0 95,000 
Main bearing 
housing 0 0 0 115,000 CC2 5 0 0 0 575,000 

Mass other Nacelle 
parts 50,000 50,000 50,000 50,000 OP 10 500,000 500,000 500,000 500,000 

Total Nacelle 283,000 283,000 283,000 372,000     1,892,500 1,892,500 1,892,500 2,346,500 

Total R&N structure 546,000 546,000 546,000 613,000     3,292,500 3,292,500 3,292,500 3,669,500 
 
The rotor hub mass of 190 ton presented in Table 5-3 much smaller than the hub mass of 278 ton presented in table 9 of the 20 MW Reference Wind Turbine 
document [5]. 
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Table 5-4: Mass and cost for 20MW 278m rotor concepts, focus on main structural components, scaled from 198m rotor concept 

  Concept 1-
SCDD 

Concept 2 
SCDD 

Concept 1 
PDD 

Concept 2 
PDD 

Cost 
category 

Unit 
price 

Concept 1-
SCDD 

Concept 2 
SCDD 

Concept 1 
PDD 

Concept 2 
PDD 

  [kg] [kg] [kg] [kg] [-] [€/kg] [€] [€] [€] [€] 

Hub 242,000 242,000 242,000 214,000 CC1 4 847,000 847,000 847,000 749,000 
Pitch Bearings 62,000 62,000 62,000 62,000 SB 15 930,000 930,000 930,000 930,000 
Other Rotor parts 30,000 30,000 30,000 30,000 CC1 4 105,000 105,000 105,000 105,000 
Total Rotor (excl 
blade) 334,000 334,000 334,000 306,000     1,777,000 1,777,000 1,777,000 1,679,000 

Main Bearings 11,000 11,000 11,000 11,000 TRB 30 330,000 330,000 330,000 330,000 
Kingpin 109,000 109,000 109,000 0 CC1 4 381,500 381,500 381,500 0 
Mainshaft 0 0 0 101,000 CC1 4 0 0 0 353,500 
Mainframe 160,000 160,000 160,000 111,000 CC2 5 800,000 800,000 800,000 555,000 
Yaw bearing 16,000 16,000 16,000 16,000 SB 15 240,000 240,000 240,000 240,000 
Lantern 0 0 0 25,000 CC2 5 0 0 0 125,000 
Main bearing 
housing 0 0 0 146,000 CC2 5 0 0 0 730,000 

Mass other Nacelle 
parts 55,000 55,000 55,000 55,000 OP 10 550,000 550,000 550,000 550,000 

Total Nacelle 351,000 351,000 351,000 465,000     2,301,500 2,301,500 2,301,500 2,883,500 

Total R&N structure 685,000 685,000 685,000 771,000     4,078,500 4,078,500 4,078,500 4,562,500 
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