19 DANMARK (10) DK 178010 B1
(12) PATENTSKRIFT

Patent-og
Varamaerkestyrelsen

51)  IntCl.: F03D 7/04 (2006.01) HO1Q 3/26 (2006.01) HO04 B 7/04 (2006.01)
HO04 W 16/28 (2009.01)

(21) Ansggningsnummer: PA 2014 00079

(22) Indleveringsdato: 2014-02-13

(24) Lobedag: 2014-02-13

(41) Alm. tilgaengelig: 2015-03-02

(45) Patentets meddelelse bkg. den: 2015-03-02

(73) Patenthaver: Jeanette Mimi Larsen, Kathrinebjergvej 7, 2665 Vallensbak Strand, Danmark
(72) Opfinder: Jeanette Mimi Larsen, Kathrinebjergvej 7, 2665 Vallensbak Strand, Danmark
(54) Benaevnelse: Tradles kommunikation for vind turbiner

(56) Fremdragne publikationer:
US 2013/0170981 A1
US 2010/0138751 A1
US 2012/0307728 A1
US 2002/0158801 A1
US 2002/0187812 A1
US 7129890 B1

(57) Sammendrag:
Denne opfindelse omhandler anvendelsen af ekstern kommunikation mellem vind turbiner. Pa nuvarende
tidspunkt er denne kommunikation realiseret ved anvendelsen af fortradet
kommunikation mellem turbinerne. Denne opfindelse erstatter den fortradet kommunikationskanal med en
tradles kommunikationskanal [10]. Opfindelsen vil bibringe en betragtelig fordel til vind turbine arrangereti en
vind park. Anvendelsen af tradles kommunikation til ekstern kommunikation er udfordret af det faktum at det
elektromagnetiske felt konstant bliver forstyrret af de roterende vinger [3], og det faktum at retningen af
transmissionsforbindelsen afhanger af vind rethingen, da
vind turbinen folger vindretningen for at fa en optimal energi produktion. Disse udfordringer er lgst i denne
opfindelse ved at kontrollere modtagelse/transmission af det elektromagnetiske felt ved at arrangere de
tradlese sensorer [1] i et array eller ved at styre direktiviteten eller retningen af de individuelle tradlgse
sensorer [1].
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Bescription

[0001] The invention relates to the inter-communication between wind turbines arranged in a wind
park and/or any other point of communication peints in the wind park, as well as communication
from the wind park to a communication hub outside the wind park. The windpark can be placed

offshore as well as onshore with multiple wind turbines mounted.

(00021 The communication form of the invention is wireless communication in its form of
electromagnetic wave gropagation. The principle of the invention hence covers all form of
commusnication using electromagnetic waves as communication channel in a wireless form for

external communication between wind turbines.

[0603] i is known 10 use communication between the turbines arranged in wind park. This
communication has been based on wired communication using cobber and/or fiber cables between

the turbines to establish the communication link.

[0004] The wireless communication have not been possible because of influences on the
communication channel from the rotationat blades atlached o the rotor, and because the direction

of the wind turbine is changing all the time depending on the wind direction.

[0005] Besides that, the cost and establishment of utilizing o cable solution is often of a great

. . . 2
expense, a5 the wind park can be of a considerable size covering several km”,

[000G] IU's the scope of the invention o provide s communication mesh based on wireless
communication covering a complete wind park regardless of the arrangement of the turbines in the

park.

{00071 The scope of the invention is achieved by arranging the wireless sansors for the wireless
communication channel in ‘m” multiple independent arrays containing one to 'n’ communication
sensors. The sensors can be mounted at all possible surfaces of the wind turbine in the wind park,
The arrays of sensors are controlled by an intelligent controlier, either by switching between the
arrays for transmission or receiving, by controlling the phase of each individual sensor in the array, or

by controlling the phase to the complete array of sensors.

[0008] Especially the impact of blades passing by the wireless communication channel needs to be

considered, as a big object passing the communication channal continuously interfere with the
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wireless link. Therefors the state of sach individual array and/or sensor is basid on the position of

the blades of the turbine andfor the relative direction of the wind turbine,

0001 Whenever s blade S interfaring with the radistion pattern of the wireless sersor the

cordralior switchas off the affected array or changes the phase of setaors ity the arvay in orderta

P2

move the radiation pattern out of the sight of the rotational blade Whenever the rotational Blade is
out o sight of the radiation pattern, the controlier either switches on the array, or changes the phase

o¥ the sensors in the affected area ity move the radistion patiern it Bne of sight again.

{0010] Wherewind directions changed the wind turbing odll yaw the ngcelle inorder o track the

wind dirgction for optimal power generation As this will sffec the radistion pattern of the wirsless

s
L]

sensors the condrolier changes the phase andfor the divection of the wiraless sensors, so the

radiation pattern is tracked relative to the movement of the nacelle.

{011 Advantageousty the system & not locked into one configuration for the wirsless
communication sz the commuonication Hnk can be turned nany possible directon by controliing
githerthe phase gndfor the divectian of the wireless Sannors, therafor the turbines ave ot locked e

15 an individost divection for receiving or transmission, but can be dirscted into any direction

{0012} As the direction for the wirslsss communication channel can be configured to any divection
the corfigurstions of the nebwark can be sslectestindo gy possible combiination of mesh, The mesh
can be arranged either in a ting configuration, » matehx configuration, a random mﬁﬁgmaﬁm\; ar i

any fmagingble configuration.

26 {0013] s the network configuration iz independent of the arrangemants of the turbinesin the wing
park this gives the advantage that the wireless communication ok provides 3 100% redundancy a8
wach wireless Hink betwean the turbines can be configured ndividually on the fy by the park

santroller.

HX314] Because the netwerk configuration of thewireless coovnurication ink Is indeperdent ol the
2% lurbine arrangensnt in the wingd park, the wireless compmunication Hink dessr’t necessarily be limited
to poeer o prer rotnunisation, butca sbio be handled as one nebwork. The turbines don't nesd 1o
ommunicata with the neighbor tirbine, but can in principle communicate with all turhines
independently of each other. The lolt for this case s set by the standard of the selected network

profocel
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Detailed Description
{C015] I the following sections the invention will be desoribed i details with references to the

attached figures,

Figure 1 Shows the principle overview of the sensors mowrged on the wind turbine with v

5 wireless sensors and 'm’ arrays,
Figure 2 Shows the principal electrics! bloek diagram for controlling the wireless agraors,

Figure 3 Shows the principst of 3 rarfiation pattern formad by an srray factor with 3 main lobe

and several side Inbs

Figure & Shews the principle of synchronization of the wireless communication channel with

10 rotational element shadowing for the wireless communication channel,

Figure 5 Shows the principle of synchronization of the wirsless communication channs! using

phase displacament

Figure & Shows the principle of controfling the divection for the wirsless cormmunication channed

by using the phase for vaw compensation and compensation for vertical movement,

ot
(%

Figure 7 Shows st overview of @ smiall wind park for Hlustration of the mesh nabwaork possible

with the wireless commurdcation Hnk,

[O818] Figure 1 shows the principle maln components of a wind turbine including the wireless
sensors [1]. The wirsless sensors 1] are mounted on the side andfor the roof of the nacelle 21, o
mounted at the tower base [3], or mounted at the rotor/hub [8], or mounted 3t one or more of the
20 biades [3] The arrangements of the wireless sersors in an array gives the benefit that the direction
of the radistion pattern [10] can be controlled either by controlling the phase to sach ndividual
slement {11 and/for by controliing the phase to the array 7] of wireless sensors or by rotating sach
slement mechanical wise, In addition the overall wireless performancs will be increased as the fink
budget will be increased dus 0 an increased gain in the communication channe! by using multiple
L wireless sensor elerments in an array. In Fig 1, which is 2 principle overvisw, an example of e
arrays, each containing of thres wireless sensors is shown, The number of arrays can be from one to
infinity and the number of wireless sensors can be from one to infinity. The distance between the

arrayvs and the distances between the elements can be from zero to infinity, I the wireless senaors
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are pot configured noan array the nomber of wirsless sensors for independent control can be from

ove 1o infinity

01 7] The wirsless sersors (1] may be operated inan array or 38 individual indepandent sensors. By

oparation in array the sensors will be operatad in dlusters and when operated individuaily they wilt

W1

sperate as single individual stements o as & MINID [Multiple I, Multiple Qut] system. Regardless of
operation mode the signal quality of each individual sensor cany also be monitored, a¢ 8 function of

the blade position and/far yaw position.

P0IAT Flgure 2 Mustrates the slectrical network for the connaection from the wireless controlier [§lte

ary arvay 17] consisting of ny” arvays conaisting of 'n’ wirelesy sensor slemants [1] The slectrical wired

e
w3

network provides the base for the wireless tommunitetion channel and provides the physicsl

sonnection o the wirsless contrafler {81

by’

10018 I figure 3 each individual seraor (1] i the array 7] havea designated arthmetic unit {81,
which can parform any arithoetic funotion depended oo the configuration and 2 summation unit {9
o sum the input from sach indbvidual wireless sensor. The designated afthrstic unit 18] provides

15 the Hexibility to sither control the phase of the complete array and/or by controlling the phase to
cach ndividual wirsless sensor, Ag the arithmetic unit can be of any arithmatic type, the anit san also
be used to seale the wiveless sersors for nearization. The benefit is that albwiredess sensors [A] can
be compensated by means of phase and/for scaling 1o provide & untform distribution for all wireless

REARS.

20 EK201In figure A the principal of an array {71 with a given number of wireless sensora {1 Is ghen,
The sumnber of wireldss sens0rs s hot restricted for this invention. The avvay form is characierized by
& ain lobe [10] and several side 10bs {111 The maln path for tranemission and recaption is through
the main inbe 1101 The amount of side nbs [11] are given by the number of wireless sensovs {11 the
distance betwaen the wireless sensovsand the relative displacement between the individual wireless

2% sensorelements, The phase angel of the rain lobe {101 given by the displacemant of the phase for

either the contplate seray or by each individual wireless sensor {11 in the arvay.

F021] The contral of the wireless ssnsors [1] and the arrays {7] e controtied by the position of the

hiades 3], 30 that the coromunicgtiorechanne! at all time is synchronized with the position of the

blades {3} and the direction of the turhine. in that way the active array [7] consisting of ‘v wireless
30 sensors {17 is abways synchrenized to commundcats iy the timesiot wher the blades [3] ave not

intarfering with the wireless communication,



16

25

34

DK 178010 B1

{0221 For controlling when the arrays [7] andfor wirelsss sensars [1] should e activefinactive the
control can either be synchronized by the position of the blades {31 andfor by monitoring the signal

quality, signal strangth, and Bit Ervor Rates in the wireless commurtization channel.

{00231 Regardiess of the control of raceiving or transmitting s done either by enabiting / disabling the
interferad arrays of wireless sensors {31 or by keeping them enabled a1 all time, the outcoms wilt be
that at all timas the communication channel will have 8 clear path for communication. Thisis
achieved, bacause there at all times abways will be at least one array [7] or wivreless sensor {1] that

can be operated without inderference.

160247 To control when the wireless sensers should gither receive or transmit based on interference
from the blades [3], the position of the blades [3] will be used as control. Figure 4a Hlustrates the
position of the blades whan all wireless sensors [3] from 10" and all arrays [7] from 1 are
capable 1o communicate. Fgurdh #Hustrates the position of the blades {3] when only parts of the
wireless sensors {1} from 10" and the arrays [7] from 1-m ave capable of communivation, Fgure 4¢
MHustrates the sltuation whay the blades {3] come into position where & diffsrent portion of the
wireless sensors [1] from 1% and the arvays 8] from §m sre capable of communication, Fgure 4d
iHustrates the situation whare all wirsless sersors {1} from 307 and &l arvays (7] from 3-'m' are

capable 1o communicats.

H25] The controd of the arvays {7] by shifting the phase to change the direction of radiation can aho
ke used as synchronization with the blades {31, Flgure § shows the pringipal of altsring the phass

£ and/or @ to change the radiation [30] direction of the array [7] of the wireless sensors {11 In
figure Sa the most right array [7] containing the wiveless sensors [1] from 170 are interfored by the
passing blade, so the radiation of the main lobe of the array have been tumed oot of sight by altering
the phase @ and/or . i figure 5b the most left array [7] containing the wireless sensors {1 from 1-
' arg interfered by the passing blade {31, so the radiation of the main lobe {18 of the array have
been turned out of sighl by altering the phase & andfor & In figure 5S¢ all arrays {7] from L'y
containing the wirpless sgnsors {1} from 1-'n" are capable (0 communicate without interference. In
figure 5d all arrays {7] from 1-'m" have been turned by wsing the phase @ andfor @, in order 1o shift
the radiation pattern {10} for a communication path not divectly following the axis of the wind
turbing. This provides the benefit that the communication channet can be shifted in any given

direction regardiess of the turbine divection and hence wind direction.
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{6026] The contral of the wireless sensors {11 and the arrays 7] are controlied by vaw rovemands of
the turbing, so that the communication channel atall time fs directed o the wanted direction. iy that
way the communication channe! is alweays kept 1 the same direction regardiess of the divection of
the turkine. This gives the benefit that wirsless sensors [1] with o high directivity can be wed a3 well

as wirsless sendors with izetropic radistion patteri

100271 When the turbine is yawing to kegp the turbine in the direction of the wind for optimal powsr
generation, the radiation pattern [10] of the arrays {71 1w incloding the wireless sensors {1} from
11 Is controlled by the phase to the wireless sensors and/or by rotation of the wireless sensors.
Yaw moments are communicated to the wireless controller [8], which controls the wiralsss sensars
[1] 5o that yaw manients are compensated and hence the wirsless cammunication Keeps the satvm

diredtion relative T yaw movements:

{0028] Figure & #lustrates the behavior of the phase compensation, when the turking vaws in order
o rack the wind. When the dirsction of the radiation pattern (100 s enusl to referencs divection of
the turbine, the phase compensation & = 8, depended ow the calibrated start position, Wher the
turbine yaws in order to track this wind for pptimal powe s geneiation the phast compansation value

£ witf be updated with the valus of the yaw movenent @,

[0028] The summationunit {9 i thie electrical interface from the wirsless controfler (5] to the arvays
[7] of wireless sensors {11 Mustrated In figure §, provides the princina! of adding phase compensation
i order to move the dirsction of the radistion pattern {10 of the communicatioy channst depended
o the yaw movaments andfnr network vonfiguration. The principal of adding phase compensation

for yaw movementsare similar to the usage of Wurning the main radiation pattem [10] oot of sight

when used in synchronization mode with the position of the Mades [3] as described In section {00250

10030 The spead st whith the phase can be changed Is supetior W the speerd at which the blades (3]
are passing by the wireless sensors {11, Besides that it's only a matter of changing an electrival
parameter and hence nelther slectrical nor merhanical components will be strasséd or wesr out, This

s of course 2 big adventage, af maintenance cost will e kept at aero.

f0031] Figurs 7 tlustrates the hanefit of the opportunity to be able'to condigure the wind parkin any
network configuration foraptimal performance, The retwork configuration i not locked to 3 single
configuratinn, but zan be sat o any configuration, including chuster configuration, which mesra that

the parkowill be divided Inte subgroups depended on the neteerk conflguration.
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[0032] In figure 7 s also evident for the inverdion thay sach turbine carvcommunicate to sl other
twrbines and nat fust the nsighbors, All turbines can communicate direatly 1o sach other without any
kind of modification; berause of the fact that the radiation pattern [10] can be vontrolled Iy the
phase if wireless sensors {1] are arrangad in an array. iF the wireless sensors are comtrotfert
individually the contral can gither be by turping the wireless sensor {1_{ mechanically wiss or f the
radintion pattern is isolropic then no turning or phase vontrol ik necessary. Thix wrovides recundancy
and stabillty to the network, so that the wind park can be operated sven when some turbings losses

arcess o the wireless communisation channel,
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Krav

1

gt

4,

ok

“w

o Vi turbine thenhold 1 brav 1som er Rarsk

vind turbing indeholdunde mindst en vinge 311 transformering fra af rotations svergl 1l
elektrisk energl, s oty hub (4] for fastgoreise af vingerne [3], 1 nacelle hue [3] hwor rotor
hulien er meonterst, of 18m {5 huillet er montenst t nacelle husal, en eller Hsve tddinse
sengarer B Rovaktorionrel wad anvendelson af trddigse sensorer slamenter arrangesstien

Ptk sony hedst oo for aroy kovliguration i eddiss kovapumikation.

o,

seret ved at kunne synbronisare gitivitaten af

ARAATAAA

den trddisse kommunibatdonskanal med positinnen pden eller Hers vinger,

C Vind turbibye t henhold i krav 1 og 2 som sy harakteriseret ved at kunne positinners retningen af

fommunikatiooskanalen ralative tit bovageke d horbsontatog siter vartikal retning

Vived turbing Phenhold G tidligere kv sons o Ravabterisest vod ssvendelen sl

slekiramagnatisk bolosudbradebe som bommunibatonsianal {18 for bonununiation Bl anshis
tarbive ogfetier transforner station ogfeller land forbindaise,
Vind turbing § henhold H Goligees krav some ey Larakieriserat ved &t fiytte sipivertkat og/elier

horisontal plan for st poaltionere 5ig | vindeelatingas

. Wind hurbing | henhold t Hdligers keav som or barakisriseret ved ot snvende elekiromagnatisk

balgaudhradeise Fieddias forn t ohstern sommunikation,

e torbing henhold i Udleere ke st oy Barakterkaret vod ot anvonde e aller flors

Romminibationskanales Gl eksters kovimumnikation,

Vird turbine § henbold 1 tidfigers krav som e Ratakterseret ved anvandelse af ivddioss sensorer

BRI A a2

med rundsiriist stier retningshestomt udstrilingsmgustar sons kommunikationselement.
Wind turking § hanhold t tidligere krav somm o karakteviveret vad ot ameends an inteliigamt

kontraller for kandrolion of kommuntiationskensden, Rommuntkationen snvender

slhektromagnetisk hafprudbredelse.
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Flours Sa Figure 5h

Figure 5d
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