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Anders Wickström Experience from wind turbine design

Mission: 

Design large direct drive turbine 

for harsh Norwegian conditions

ScanWind started in 1999ScanWind
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Christmas Eve 2015

www.havkom.se/assets/reports/RO2017_01-Slutrapport-Lemnhult.pdf

http://www.havkom.se/assets/reports/RO2017_01-Slutrapport-Lemnhult.pdf
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Correct pretension is crucial for the integrity of bolt connection

The total collapse of a wind turbine at Lemnhult was 

mainly caused by incorrect pretension.

If the pretension of the tower bolt joint would have 

been correct, the accident would not have occurred.

Winter conditions during the tower installation!

www.havkom.se/assets/reports/RO2017_01-Slutrapport-Lemnhult.pdf

http://www.havkom.se/assets/reports/RO2017_01-Slutrapport-Lemnhult.pdf
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The principle of pretension of a bolted joint 

The bolt and the sleeve normally have different axial stiffnesses, ck and cs. 

The bolt and sleeve are assumed to be elastic and affected by the same preload force F0
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The principle of pretension of a bolted joint 

The bolt and the sleeve normally have different axial stiffnesses, ck and cs. 

The bolt and sleeve are assumed to be elastic and affected by the same preload force F0

Free body diagram.
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Loads acting on a bolt flange connection

In case of correct pretension, small variations in the 

external loads in a screw joint result in neglectable 

variations of the bolt loading.
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Cold climate impact on the bolt pretension 

There are additional challenges related to winter and cold climate conditions:

• Bolt lubricant removed by snow.

• Lubricant property change depending on the ambient temperature.

• Thin ice on contact surfaces during tightening

• Less attractive to work and handle heavy equipment

All of these aspects might have an impact on the bolt pretension over time.
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Fingerprint technology to measure small displacements

Fingerprint standard reader device for measurement of 

displacements between pre-machined lines on a washer.

TensionCam sensor module 

with image sensor from 

Fingerprint Cards AB.  
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Early installation on a wind turbine

A TensionCam nut mounted on the foundation's M42 bolt connection.
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Research project at Chalmers and SWPTC

To develop the method further and validate the results, a research 

project has been started

Methods and material for sustainable and  cost effective structural 

supporting systems  for wind power plants

WP6 Methods for supervision of bolt pretension

Industry partners: 

TensionCam, Stena Renewables, Rabbalshede kraft

Academic partners: 

Chalmers, RISE
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Cavity on the bolt head

Within the project, an alternative 

method was invented:

Normal bolts with a circular cavity 

pattern drilled at the bolt head



Winterwind   2020-02-05              Control of tower bolt connections              anders.wickstrom@ri.se 14

Analyses of bolt displacements by FE calculations

A number of different cavity patterns were analysed.

0    Standard bolt without any machining on top of the screwhead

3 Small cavity on top of the screwhead

4 Selected cavity pattern 

The horizontal displacement is measured 

with an accuracy of 1 mm (= 0.001 mm)

1234 0

Vert. diff. 

11.5 my

Hor. diff. xx my 

Vert. diff. 

11.4 my
Vert. 

diff. 9.2 

my
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Results: Cavity on the bolt head
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Details to measure cavity & bolt ID

Sample image of groove pattern with circular groove and bar code

Precision milled circular groove & ID bar 

code on bottom of cavity on M16 bolt head. 

The image analysis defines the 

diameter of the circular groove. 

When the bolt is exposed for 

pretension the diameter is 

reduced with up to 30 microns.  

This reduction is linear to the 

pretension.

Bar code gives bolt ID.
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User interface

Sensor individual ID

Identified component ID

Barcode for identification of 

individual cavity & component 

ID

Circular track for 

clamp tension 

measurement 

Identified component type and size

Identified yield strength of 

individual component

Identified cavity ID

Measured level of clamp 

tension compared to 

yield strength 

Measured clamp load
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Next step

Application for an extension of the SWPTC project 

WP6 Methods for supervision of bolt pretension

The extension proposal to focus on: 

1. Validations and structural integrity of the nut, 

caused by the cavity 

2. Environmental resistance and corrision

3. Remote reading of bolt status, standards, 

security and evaluation 

4. Scientific aspects, optimization and 

documentation 
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Wireless Bluetooth communication. 

Powering via re-chargeable battery

For Android and PC

Temporary & Semi-permanent installations

To be completed 2020

Generation 2: Wireless sensor module
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Same technology as for biometric smart cards

With wireless RFID communication (no battery!)

For Android, IoS & PC

Permanent installations (”coin” sensor is 

permanently mounted at bolt manufacture) 

To be completed 2021

Generation 3: Wireless ”Coin” sensor module
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Generation 3:Wireless ”Coin” sensor module Biometric Card
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Sensitivity to ambient temperature

∆ℓ = ℓ1 α (t2 – t1)

Steel has the coefficient of expansion 0. 012 mm per degree and millimeter.

α 0.012 mm/deg/mm

ℓ1 6 mm

t1 20 deg

t 2 -20 deg

∆ℓ -1.4 mm


