Workshop 2: Study of structural and foundation systems of Wind Turbines

Development of a measuring system for a
dynamically stressed flat foundation

Dr.-Ing. Ilvo Kimmig




Workshop 2: Study of structural and foundation svstems of Wind Turbines

Motivation

Link to YouTube:
https://www.youtube.com/watch?time_continue=149&v=wywcQzxCj7k&feature=emb_logo
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Workshop 2: Study of structural and foundation systems of Wind Turbines

Motivation V\}TN S L NT
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Test Site in Complex Terrain

Investigation of the dynamic behavior of wind turbines in complex terrain as well as testing new
technologies and control strategies of wind turbines.

The overall project has the three goals:
m  Organization of setup and operation for the research test field in complex terrain.

m Establishment and validation of a model chain for the simulation of flow conditions from the
mesoscale to the flow around the rotor blade

m Definition and construction of a research wind turbine (FWKA)

Dynamic behavior of the foundation is much more complicated and difficult to estimate compared to a foundation in
flat topology. The problem concerns the dynamic load propagation under alternating stresses. In particular, a possible
change in load distribution, stiffness and wave-radiation in the course of the operation of the wind turbine has been
given little attention so far.
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Workshop 2: Study of structural and foundation systems of Wind Turbines

Location — Stotten, Germany
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Test site

Workshop 2: Study of structural and foundation svstems of Wind Turbines
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Test site — Ground conditions
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Test site — Ground conditions

WT 1 (North)
o TR

Workshop 2: Study of structural and foundation svstems of Wind Turbines

WT 2 (South)
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

Test site — Ground conditions
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

Test site — WT foundations
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Workshop 2: Study of structural and foundation systems of Wind Turbines

Objectives

Development of a measuring setup for long-time observations

m  Measurement of displacements of the foundation
m Altogether 6 extensometers, 3 of each with depth 3.5 m and 6 m, 120 degrees shifted
m  Prognosis for dynamic displacement amplitudes: 0,015 mm
s 25 mm measuring length for static displacement over time

m  Measurement of vertical stress below the foundation
m 6 pressure sensors between ground surface and bottom of concrete foundation
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Test setup - Concept

6x Sohlspannungsgeber
3x konv. Ventilgeber
+x PT100

6x Extensometer
3x Luftdruck-

messgeber
*(

+x PT100

Workshop 2: Study of structural and foundation svstems of Wind Turbines
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

Test setup - Concept
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Test setup - Concept
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Sohkdruckgeber SDGT

SDG EL3602-0002
E—*@— 9
Eingangskiemme,
Differenzeingang.
24 Bt

+/-200mV, 0,05%

3
EL3214
3 4-Kanal-Eingangs-
k!smme PT100 [nrm
tiir Widerstands-
thermomoter.
p—
V48
Widerstands- Thermisch AB. 5V
heizung isalierter Kopf EL5101
Inkremental-Encodor
Interface Differenz-
MT-LGF 100nm Res signal 16/32 Bt
(einstelibar), 1 Mhz
\D C 543_470)
T_Case
RS232
EL80OT
Sarielle Schnitt-
Ext stelle RS232
Extensomater
VS
N
1
EL2008
8-Kanal-Digttal-Aus-
gangskiemme
2.8 24VDC,05A,
1-Leitertechnik
=
L
oder
EK1501 EK1101
EtherCAT Koppler EtherCAT-Koppler
mit ID-Switch mit ID-Switch
24y Multimode-LWL- 10r E-Bus Klem-
o Anschiuss f0r E-Bus- man (ELooo)
Klemmen (ELox))
wL TP-Kabel
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Workshop 2: Study of structural and foundation svstems of Wind Turbines
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Test setup - Concept

v

Sohkdruckgeber SDGT

SDG EL3602-0002
i - i 9
Eingangskiemme,
Difterenzeingang
24 Bt

. .

+/-200mV, 0,05%

PT100
L
EL3214
3 4-Kanal-Eingang
Msmme PT100 \RTD)
far Widerstands-
thermomoter,
16 Bit, 3-Leitertechnik
o b
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Inkremental-Encodor
Interface Differenz-
MT-LGF 100nm Res signal 16/32 Bt
(einstelibar), 1 Mhz
\D C 543_470f
T_Case
RS232
EL800
Sarielle Schnit-
Ext stelle RS232
Extensomater
N
1
EL2008
8-Kanal-Digital-Aus-
gangsklomme
2.8 24VDC 054,
v
oder
EK1501 EK1101
EtherCAT Koppler EtherCAT-Koppler
mit ID-Switch mit ID-Switch
24y Multimode-LWL- 10r E-Bus Klem-
oV Anschiuss fir E-Bus- men (ELxooox)
Klemmen (ELox))

L TP-Kabel
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

Test setup - Sensors Mitutoyo
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

Test setup — Channels/Data logging

Variable  |Measuring principle, output I
Sole pressure transducer Briicke 6 Draht, |_const, analog 6

Temperature at sole pressure
PT100, 4 Draht, analog 6
transducer

Air pressure analog 2

Extensometer LGF Taster A/B 2xRS422, 3x2p S Draht, 5V, digital 6

Extensometer dial gauge Taster, DIGIMATIC-RS232, Konverter fir lange
ID-C 543 470 Zuleitung erforderlich, digital

Temperature Extensometer PT100, 4 Draht, analog 12

Zeitsynchronisation aus GPS, digital
Date / Time 1
zB. Gude DCF 77

I s totus, digita
Wind turbine Einige ZustandsgrofRen --

DAAD  Cori s tachanpe serven UNIVERSITY OF
PATRAS
LASE TR FRAREECS 114 TP |

Karliruhe inititute of Technalogy




Workshop 2: Study of structural and foundation svstems of Wind Turbines

Installation
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

Installation
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

Installation
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Workshop 2: Study of structural and foundation svstems of Wind Turbines

See you next time!
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