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Anders Wickstrom Experience from wind turbine design

ScanWind started in 1999

Mission:
Design large direct drive turbine
for harsh Norwegian conditions
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Christmas Eve 2015

e e : Statens haverikommission
A I K Swedish Accident Investigation Authority RO 2017:01
1. FAKTAREDOVISNING
1.1 Redogirelse for hindelseforloppet

RI
SE

Pa morgonen strax efter kl. 09.00 torsdagen den 24 december 2015
hérde en lantbrukare som bodde 1 nédrheten av Lemnhults vind-
kraftspark ett ljud som l4t som en hég metallisk klang. Han arbetade
vid tillféllet 1 sin ladugard och &ven om den miljén var bullrig kunde
han utan problem héra det metalliska ljudet. Nagra minuter senare
hérde lantbrukaren ytterligare ett kraftigt metalliskt ljud eller dan.

www.havkom. reports/RO2017_01-Slutr rt-Lemnhult.
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1.2.1  Skador pa vindkraftverket

Tornet f6ll 1 ostlig/mordostlig riktning, och alla utom ett av de skruv-
forband som héll thop tornets segment brast vid fallet. Det skruvfor-
band som klarade fallet var det som héll ihop det andra och det tredje
segmentet. Det forsta segmentet som var fést 1 bottenplattan (betong-
fundamentet) stod kvar efter fallet. Den lokala transportvigen i
omradet blockerades av den havererade tornet.

Figur 3. Det havererade vindkraftverket. Foto: Vestas Wind Systems A/S
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http://www.havkom.se/assets/reports/RO2017_01-Slutrapport-Lemnhult.pdf

Correct pretension is crucial for the integrity of bolt connection

e Statens haverikommission
-] ﬂK Swedish Accident Investigation Authority RO 2017:01
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!

Figur 14. Bild pa tomskruvarna med utmattningsbrott och varierande grad av restbrott.

www.havkom. reports/RO2017_01-Slutr rt-L emnhult.pdf
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http://www.havkom.se/assets/reports/RO2017_01-Slutrapport-Lemnhult.pdf

The principle of pretension of a bolted joint

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

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

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

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

Free body diagram.
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The principle of pretension of a bolted joint

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

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

Free body diagram.

c, F, gl ----omoooomee- €& 7, 1
S T T T l
C
7<“jF 777777777777777 | | s FE) __________________________ FD E
Fa i ,
F, \ =c A
- . \_A i AF =c Ao
0 AF, =c A
F
N AF,
Fy =AF, +AF, =(c,+¢,)AS
F, |
F.
’5 —> A(): N
PEEN C, T6
A

2
m—

Winterwind 2020-02-05

Control of tower bolt connections

anders.wickstrom@ri.se



Loads acting on a bolt flange connection

i iati i e Statens haverikommission
In case of correct pretension, small variations in the o S s ko RO 2017:01

external loads in a screw joint result in neglectable

... . Kraft i bult
variations of the bolt loading. | Kraftibulten
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Figur 33. Principiell graf som wisar hur relativt stora vanationer av de yttre lasterna 1 ett
skruvforband endast resulterar 1 sma varniationer av kraften 1 skruven Forutsittningen for
denna, fr skruven gynnsamma, effekt dr forspanningskraften av skruven.
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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.

Cold Cllmate Test Centre Uljabuouda

The location on a plateau
over the surrounding
landscape will generate ice
on the wind turbines and
minimize the turbulence.

Meteorological data

Test pads Mobile crane access

turbine height
over 200 m will

Area for measurement ’
be sible. Icing:
mast in front of test pads pos M g‘ ~h
7 Minimum of 10 g/h/m
equipped with calibrated in average year >500 h

meteorological sensors.

and easy maintenance 3 - 120 m (WASsP esti.)

for test and \ for high availability, ve
certification, trouble free installation 716 60 m (measured)
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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

g IE Winterwind 2020-02-05 Control of tower bolt connections
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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
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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 um (= 0.001 mm)

Hor. diff. xx 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

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.

Precision milled circular groove & ID bar
code on bottom of cavity on M16 bolt head.
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User interface

IE Winterwind 2020-02-05
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Identified component type and size
|

10:57 &

Sensorindividual ID—™ 1 so001

. /
Identified component ID

Circular track for
clamp tension
measurement

—_————

Measured level of clamp
tension compared to /
yield strength

Camera

TensionCam

ID 67108800

=il 62% m

Bolt M16 900 MPa

CID 67108800y

MEASURE

e

Settings

O <

Identified yield strength of
individual component

Mdentified cavity ID

Barcode for identification of
individual cavity & component
ID

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

IE Winterwind 2020-02-05 Control of tower bolt connections
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Project extension proposal 1(13)
SWPTC
AP WD PRIAFR TECHNI 0N CERTRF

2020-01-31

Applicant
Companylorganisation Organisation number
RISE & Chalmers 556484-6874

DepartmentDivision
Industrial and Materials / Division Product Development

Postal address

Postcode City Country
Boras/Géteborg Sweden

Projectleader (first name, family name)

Anders Wickstrém, RISE

Phone

070-261 00 71

E-mail
anders.wickstrom@ri.se

Project

Projecttitle (in Swedish)
Metoder och material f&r hallbara och kostnadseffektiva tom och fundament till vindkraftverk

Férlangning av AP6 Metoder for évervakning av férspanning av bultar

Projecttitle (in English)

Methods and material for sustainable and cost effective structural supporting systems for wind power
plants

Extension of WP6 Methods for supervision of bolt pretension

Date for project start 2020-03-01

Date for end of project 2021-12-31

Total cash budget for project

18268 kSEK
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Generation 2: Wireless sensor module

Wireless Bluetooth communication.

Powering via re-chargeable battery
For Android and PC
Temporary & Semi-permanent installations

To be completed 2020
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Generation 3: Wireless ’Coin” sensor module

Same technology as for biometric smart cards
With wireless RFID communication (no battery!)
For Android, 10S & PC

Permanent installations ("coin” sensor is

permanently mounted at bolt manufacture)

To be completed 2021
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Generation 3:Wireless ”’Coin” sensor module Biometric Card

3iometric Payment Carad

Anatomy of a BSC: The Inlay

Battery / SC : Display Driver IC

Status LEDs cEoRel o i ‘ [ - Display

Antenna

SE Contacts Pad . —
‘ . . — BT : : Power Button

.....

MCU / ASIC

FPS Contacts Pad
RFIC

Passive Components S FPS Controller IC

e
S
S

Flexible PCB Inlay size is 1 — 2 mm (0.04 - 0.07 in) smaller than card W / H Secure Flash

Some BSC Integrators deliver inlays with FPS already embedded

7"‘5/‘ ;ﬁ:“::; 202 The Rise of Biometric Cards | state of the art and future challenges for card manufacturers | by Antonio D’Albore | Embedded Security News 13
Rl . | | |
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Sensitivity to ambient temperature

AE: El 04 (t2_t1)

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

o 0.012 um/deg/mm
El 6 mm
t1 20 deg
) -20 deg
AL -1.4 {m
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