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Nabralift® Self-Erecting Tower
Company Introduction — Scope of Activities
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Nabralift® Self-Erecting Tower
Product Description

Tower Transition
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Product Description
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- 1 Nabralift® Self-Erecting Tower
- Tower Assembly and WTG Self Erection

Conventional WTG Nabralift

Large Cranes Small Cranes for WTG Assy  Nabralift Self-Erection

130-170 Boom 70-80 Boom Nabralift
¥ 750-1600T Cranes 500-600T Cranes Self Erection System
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1 Nabralift® Self-Erecting Tower

Maintenance Free Tower Segments O&M Crane
« Tower Components
» Bolted Connections

Blade Tip Repair Platform
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1 Nabralift® Self-Erecting Tower 1st Commercial Product
Certification & Prototypes Status . 160m Hub Height
* 125-140m Diameter
* 3.3-3.6MW Range Design Loads
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Nabralift® Self-Erecting Tower
XL Market Challenges
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1 Nabralift® Self-Erecting Tower

@ Cost Increase
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Analysis Introduction — Tower Models
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Soft vs Stiff XXL Tower Dynamics
Analysis Introduction — Tower Models
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Soft vs Stiff XXL Tower Dynamics
Analysis Introduction - Loadcases

61400-1 © IEC:2005

Design situation DL Wind condition Other conditions Type of Partial
Cc analysis safety
factors
1) Power production 11 NTM  ¥in < Vhub < Vour For extrapolation of V] N
extreme events .
T2 | NTM Vo< Vo Fou P - Case A: 1.2 Power Production
1.3 | ETM ¥y < Phup < Vout U N
14 | ECD Wyyw=V,—2mis, ¥, U
V. +2mis
1.5 | EWS Vi, < Vaub < Vour U N
2) Power production 2:1 NTM ¥, < Vb < Vour Control system fault or u N
plus occurrence of loss of electrical network
fault 22 | NTM ¥, < Vo < Vou Protection system or u A
preceding internal
electrical fault
2.3 EOG Wy = V=2 m/s and External or internal V] A
Vou electrical fault including
loss of electrical network
24 | NTM ¥V, < Vo < Vou Control, protection, or F 2
electrical system faults C . d H
inchding loas of ase B: 2.4 Power Production + Fault
electrical network
3) Start up 3.1 NWP Vi, < Vb < Vour *
3.2 | EOG Vpyp =V ¥V x2mls N
and Vo
3.3 | EDC Wyp =V Vrx2mis U N
and ¥,
4) Normal shut down 4.1 NWP ¥, < Viyp < Vour *
4.2 EOG V., =V, =2 m/s and N
Vout
5) Emergency shut 5.1 NTM ¥, = ¥, = 2 m/s and u N
down Vout
6) Parked (standing 6.1 EWM 50-year recurrence V] N
still or idling) period
6.2 EWM 50-year recurrence Loss of electrical u A
period network connection
6.3 | EWM 1-year recurrence Extreme yaw U N
period misalignment
6.4 | NTM 1< 0.7 Vg F : Case C: 6.4 Idling
7) Parked and fault 7.1 | EWM 1-year recurrence U A
conditions period
8) Transport, 8.1 NTM  Vnain to be stated by V] 5 &
assembly, the manufacturer
maintenance and
repair
8.2 | EWM 1-year recurrence U A
period
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Soft vs Stiff XXL Tower Dynamics

Results
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2 Soft vs Stiff XXL Tower Dynamics
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Case A — 1.2 Power Production
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Soft vs Stiff XXL Tower Dynamics
ReS U ItS 18 Turbulent Wind Speed <+_L>

Case B - 2.4 Power Production
plus Occurrence of Fault
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Case C - 6.4 Idling
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Soft vs Stiff XXL Tower Dynamics
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Soft vs Stiff XXL Tower Dynamics
Global Results

61400-1 © IEC:2005

Design situation DL Wind condition Other conditions Type of Partial
Cc analysis safety
factors
1) Power production 11 NTM  ¥in < Vhub < Vour For extrapolation of V] N
extreme events
1.2 | NTM ¥, < Vryp < Vour F %
1.3 ETM  Vin < Vhub < Vout U
1.4 ECD Vhyp =V,—2mis, V,, U
V. +2 mls
1.5 EWS Vi, < Vaub < Vout U N
2) Power production 2:1 NTM ¥, < Vb < Vour Control system fault or u N
plus occurrence of loss of electrical network
fault 22 | NTM ¥, < Vo < Vou Protection system or u A
preceding internal
electrical fault
2.3 EOG VW, = V=2 m/s and External or internal U A
Vou electrical fault including
loss of electrical network
2.4 NTM ¥, < Vowp < Vour Control, protection, or F ¥
electrical system faults
including loss of
electrical network
3) Start up 3.1 | NWP Vi < Vhup < Vou .
3.2 EOG V=V ¥V x2mls N
and Vo
3.3 EDC Vpp=Vin V 22 mls U N
and ¥,
4) Normal shut down 4.1 NWP ¥, < Viyp < Vour *
4.2 EOG V¥, =V, =2 m/s and N
Vout
5) Emergency shut 5.1 NTM ¥, =¥, =2 m/s and u N
down Vout
6) Parked (standing 6.1 EWM 50-year recurrence u N
still or idling) period
6.2 EWM 50-year recurrence Loss of electrical u A
period network connection
6.3 | EWM 1-year recurrence Extreme yaw U N
period misalignment
6.4 | NTM Vhuv < 0,7 Veet F "
7) Parked and fault 7.1 | EWM 1-year recurrence U A
conditions period
8) Transport, 8.1 NTM  Vpain to be stated by V] T
assembly, the manufacturer
maintenance and
repair
8.2 | EWM 1-year recurrence U A
period
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2 Soft vs Stiff XXL Tower Dynamics

Summary of Results and Conclusions

« An IEC-Compliant Load Analysis has been completed for:
* Awind turbine of 3.5MW with a 160m tall soft-soft tower, a rotor diameter of 130m and a
overall nacelle weight of 200T.
* A wind turbine of 3.5MW with a 160m tall soft-stiff tower, a rotor diameter of 130m and a

overall nacelle weight of 200T.

« Tower flexibility increases static and fatigue loads:
« Moderate increase in WTG Operation

« Significant increase in Shut Down loadcases (critical for soft-soft towers)
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