APPLICATION NOTE:
ALXION STK PERMANENT MAGNETSFRAMELESSALTERNATORSFOR DIRECT DRIVE
OF WIND TURBINES

1-STK Frameless alternators description

The frameless alternators consist of a fixed pastator and a rotating part or rotor.

The statoiis constituted with an external housing made
aluminium alloy bearing the magnetic laminationd #re
three-phase winding as well as the power cablinbthe
thermal sensors cabling. The winding heads are
encapsulated in a resin with the aim of protectiregn anc
decreasing their thermal resistance. The outeaserbf
the stator housing can bear outdoor environmergExo
specific cases of salty atmosphere where an externa
enveloppe is recommended.

Stator

The rotorconsists of a steel rotoric hub used as a magyeiie on
which the rare earth permanent magnets are fixeel.mMagnets are
originally phosphatized and additionally coatedwah anti-corrosion

Rotor
Stator g
\
Customer's interface: T T
-the stator bears a peripheral centering diameBeagdl a § 8

centering diameter @A on both sides.
-The rotor bears an inner centering diameter @C.
-Stator and rotor fixing are made through threalelés on both

stator and rotor sides.
Rotor 8

Customer's interface

varnish. The rotoric hub is protected from corradny a layer of grease.
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Frameless alternators delivery:

-The stator and rotor are delivered as two sepaaats, the
rotor is not fitted inside the stator. Hence therdsas to
mount, center and align the 2 parts.

Standard delivery of STK frameless alternator

-Optionally, the frameless alternator can be dedidevith the rotor and stator, mounted, centered an
axially aligned on a specific FMDT mounting flan@ee Handbooks for STK assembly). Caution, the
FMDT mounting flange is only a tool to be useddareasier assembly. Once the rotor and statorescur
and coupled to the turbine, the FMDT flange willdigassembled.

Delivrery with FMDT F

2-STK frameless alternators assets in wind turbampgdications

The STK frameless alternators present the follovantgtanding characteristics:

e exceptional compactness, power-to-weight and pdoe«elume allowing the operation wfind
turbinesin direct driving without speed multiplier: up to 600 W/Kg of alternator and
2500W/dm3 of alternator.

e Low losses and high efficiency at rated speed alfhaotary speed is low: up to 94% efficiency for
some models;

e wind turbine start at very low wind speed thankiteest « magnetic friction » or cogging torque
resulting from original design: around 1% of ratedjue only;

e outstanding energy production thanks to highest tearacteristics even at intermediate speed: up
to 50% of rated power available at half speed;

e Highest reliability and lifetime: MTBF of 100,00@trs and more can be considered in standard
applications.

3-Designing a wind turbine equipped with STK framslafernators in direct driving

We want to give 2 important advices for the winbine design in relation with the rotary speed aoe o
hand, and on another hand, with the mechanicajnaten of the alternator:

Selecting therotary speed: for a given power, a PM alternator will be smiglidhence cheaper , if the
rotary speed related to that power is higher. Asatter of fact, the alternator size is not defiired first
approach by its rated power but by its rated torgherefore, for progressing towards the most-cost
effective version, the wind turbine designer \ilve to define its rated operation point at thé &g
possible speed, provided that it will be compatilith an operation in direct driving without thiseiof a
speed multiplier.
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Let's take the example of a wind turbine speciiicatvith an output power around 6 KW that could be
delivered in a speed zone undertaken betwen 25@%2Mdom. Two alternators could be envisaged in the
ALXION catalogue: 300STK4M delivering 6.6 KW at 358 with a weight of 31 Kg and 400STK3M
delivering 6.6 KW at 220 rpm with a weight of 46 Kihe 300STK4M will be chosen because it is smaller
and cheaper than the 400STK3M.

Alternator 6.6 kW

—300STK4M
—400STK3M

Power in KW
A 000 N ©

175 200 225 250 275 300 325 350 375
Speed in RPM

In the fight between horizontal and vertical axiaavturbines, it is commonly admitted that thedatt
rotates at lower speed. Hence, for a given poweratternator will be more expensive in the case of
traditional vertical axis wind turbine. However,alto their specific applicative features, the wailtaxis
wind turbines will be surely selected in an urbadienment or for being installed on a building.

Frameless alternator mechanical integration: since the compactness and the efficiency of &€ S
alternators open the way to the design of winditw®with alternator in direct driving on the maixis
without the need of a speed multiplier, one shayltimize the wind turbine structure for makingirpler,
more reliable, and more cost-effective. Why, inderaoluld it be envisaged to install a complete biailt
alternator with its own bearings, its flangessitaft and all necessary parts for interfacing wighwind
turbine frame and its main axle if a framelessnistator alternator kit can be easily integrated by
minimizing the number of bearings and the interiggparts as well as the related multiple alignmants
eccentricities?

Thanks to the availability of the STK rotor/stasédternator kits, it is now possible to directly pteithe
rotor to the main axle. The main axle bearingshefwind turbine can bear the alternator rotor han t
opposite side of the blades, provided that theiggichsured by the main bearings would be suffitien
precise and also that the mechanical integratiomdvioe sufficiently precise for ensuring a safgar to
the assembly. The peripheral outer surface of ltkenator stator can be directly in the wind flomdas
directly fixed to the main flange forming the be&s box of the wind turbine. In that case, a simpé
cover without accuracy is needed for closing theade One should insure the correct tighteningiier
internal part of the alternator.

It is therefore possible to make a simple altemnaitegration by minimizing the number of mechaihic
parts and interfaces. However the design of meckdar integration has to be sufficiently precilee
prescriptions related to the integration of STkKsldte given in the Handbooks for STK assembly edl&d
each range.

Example of mechanical integration
horizontal axis turbine Vertical axis turbine
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4-Range and models

Six ranges of STK frameless alternators are aVailabd they are characterized by their externasimgu
diameter: 145STK, 190STK, 300STK, 400STK, 500STBOSTK.

Length and number of magnets rows:

The part number of each model mentions afterwdrelsligits XM whereas X can be equal to 1 to 9,
depending on the range. The symbol XM represestatimber X of magnets rows borne by the rotor in
axial direction.

Regarding ranges 145, 190, 300, 400, 800, one ai@ntime presence of data in the tables, onlyeelm
even values of X (except 400STK3M, very widely uaddrnator, 300STK1M, 500STK3M and
800STK1M); however, models with a noneven X alsistexhey were not mentioned in the table for
catalogue clarity. The related rated powers caimteepolated between 2 following even XM models, in
first approach. The complementary data regardiag<td models with noneven X can be requested to
ALXION.

However, the dimensions are given in the relatbtbsaof the catalogue for both even and non even X

Two winding versions:
For each XM model, 2 different versions are mergtban the catalogue and they are characterized by 2
different rated speeds. Those 2 versions only diffetheir winding and their output cabling.

As a matter of fact, the principle is that the dateoltage at rated speed and rated power wouétdoend
230 V ac phase to phase. At the highest rated sgigedated power is higher and, as the voltagleeatated
operating point is the same for both versionsyabed current for the higher speed version is theze
higher.

Let's take the example of 145STK4M, presentingradimg version for 650 rpm and another one for 1500

rpm. The 650 rpm version delivers a rated powek38f7 W at 3.2 A meanwhile the 1500 rpm version
delivers a rated power of 3389 W at 8.0 A.

Line to line voltage and winding versions
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5-Characterization of rated power, input torque dfidiency:

The operating conditions are the following ones:
e the load is considered as a resistive one withyynatver factor and sine wave voltage.
e the ambient temperature is equal to 40° C
e a 10 m/s airflow cools the stator external housing

The rated power relates to the maximum electrioalgy that can be delivered in continuous operatabn,
stabilized temperature, by an alternator driveth@tmentioned rated speed.
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Curves of rated power vs speed:

Those curves plot the maximum electrical power tiaat be delivered in continuous operation (Prhat t
related speed by an alternator driven with the eéedput torque (Tpr), when considering a windflofd0
m/s cooling the housing, an unity power factoring svave mode and an ambient temperature of 40€. On
should point out that it is not a curve of transie@ximum power but a rated continuous power curve.

Input torque and blade dimensioning

For delivering the rated power mentioned on thalogue, if the load allows to do it, the input toeq
transmitted to the rotor of the alternator, thabisay the torque transmitted by the blades &es to be
equal at least to the input torque, also mentiongke catalogue. For illustrating, one can conside
frameless alternator 400STK3M that will deliverantinuous rated power of 6594 W at 220 rpm (if the
load allows it) provided that the input torque wibbke equal to 347Nm minimum. The wind turbine
designer wil have therefore to check that the Idade correctly sized for applying that torque.

In addition to the 2 values of input torque at dgpewer, one at rated speed and the other at fedids
mentioned in the tables of characterics, the cuovasput torque (Tpr) at rated power (Pr) vs rgtspeed
are supplied for all models.

Efficiency:
Two points of efficiency at rated power are givernhe tables, one at rated speed, one at half speed

The curves of efficiency vs speed are parameti@oedrding to 3 levels of input torque: input torgue
rated power or Tpr, half torque Tpr/2, one fourthaoque Tpr/4.

One can note that the maximum efficiency is geheralt obtained for torque at rated power Tpr, i
reduced level of torque.

6-Electrical frequency and poles number:

The electrical frequency is given by the relationg * N whereas p is the number of poles pairsinbde
number of revolutions per second.

For 145STK and 190STK, p=6, ie 12 poles
For 300STK and 400STK, p =12, ie 24 poles
For 500STK, p = 18, ie 36 poles

For 800STK, p = 24, ie 48 poles

Caution: the number of poles is obtained by mutiig per 2 the number of poles pairs. Thus, for a
400STK3M mounted on a wind turbine having to opeeat a rotary speed band from 70 rpm to 220 rpm,
the electrical frequency varies from 14 Hz to 44 Hz

Electrical frequency vs speed

—145STK & 190STK —300STK & 400STK ~ 500STK —800STK
6 poles pairs 12 poles pairs 18 poles pairs 24 poles pairs
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7-Coqgging torque:

The resistive torque existing for rotating a PMeaiator at no load is called « cogging torque »atTbrque
can be considered as a « magnetic friction » tongjgemes from the interaction between the magnets
borne by the rotor and the toothed statoric lannathousing the windings. The STK frameless adttenrs
have the benefit of an extremely low cogging torqaming from the magnetic design itself, limited
percentually around 1% of the rated torque.
That original technology directly comes from ALXNOSTK servomotors used, in particular, in the
CNC machine-tools where the lowest speed rippleat low speed is requested, in order to
guarantee a micrometric dynamic tracking errothemost precise grinded parts. Our STK
frameless alternators catalogue mentions the cgdgngue related to each model.
Thanks to their extremely low cogging torque, tAi&Slternators start and begin producing energy
with lowest windflows.

8-STK alternator voltage

The STK alternator is a 3-phase machine with aageltvarying according to rotary speed, load (ctyren
and temperature.

The STK alternators are characterized by two velkagentioned on the catalogue:

e \Dltage at rated load: this is the voltage delideaethe rated operating point (rated power aretrat
speed), hot alternator and unity power factor.tAss been already mentioned, that voltage is
around 230V ac line to line, on the standardlogtee models.

e Back Electro-Motive Force (back emf) at 20°C: isishe voltage at no load and rated speed for an
alternator at 20°C. That voltage is directly prdjmoral to speed.

The voltage at no load, or back emf, isthe highest voltage delivered by the alternator at a given speed;
when the alternator isloaded, that isto say when electrical power isdelivered, itsvoltageis always
lower than itsvoltage at no load or back emf.

Let's take the example of 400STK3M in 220 rpm wirgdversion; the voltage at rated power is equalio
V line to line. The voltage at no load or back esnéqual to 330 V. If the user wants to start picag
energy from 70 rpm (1/3 of rated speed) up to 20, the minimum phase to phase voltage will belredc
at 70 rpm with a value of 70/220 * 330 V, thataosshy 105 V and the maximum voltage will be delbekat
220 rpm at no load, when no power is delivered, itheo say 330 V.

Windings with specific voltage levels can be magderurequest; in the same way, rated powers andispee
different from the ones mentioned in ALXION's catgile can be envisaged with eventually differergdat
voltage: please contact ALXION.

\oltage curves
The curves of voltage plot the voltage at no laadef cold alternator at 20C as well as the volatgated

power vs rotary speed for the 2 versions of wingligiyen in the catalogue, one « low speed » andttier
« high speed ».

Limit of voltage the alternator can rotate at a speed highertti@rated speed mentioned in the catalogue
provided that the voltage at no load would not exicen amplitude around 500 V. Let's take the exampl
400STK3M in 220 rpm winding version; its voltagenatload is 330 V at 220 rpm. One will take cara th
the maximum operating speed would not be higher 8@ / 300 * 220 = 333 rpm.
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9-Applications dedicated to battery charging ogitid connection

The former statements evidence that the electiieguency changes according to speed and that the
alternator 3-phase voltage has a considerabletiariaccording to speed, load and temperature.

In order to perform applications of battery chaggione will therefore introduce an electronic catee
interfacing betwen the alternator and the battenexking the following conversion: Variable AC \aae/

Fixed DC voltage.

Let's mention that some of our customers use, riticpéar, the electronic converters from POWER ONE,

Wwww.power-one.com

Variable

Fixed

frequency and AC Voltage
U

v

DC Voltage

¥

W

Converter

ALTERNATOR-)—

Battery

For performing a grid connection, the electror@owerter interfacing between alternator and griltl lva
more sophisticated, by making the following coni@rsVariable AC voltage/ Fixed DC voltage/ Congtan
frequency and AC voltage.
Let's mention that some of our customers use, riticpéar, converters from POWER ONE,
www.power-one.comSMA, www.sma.deand ABB (ACS 800).
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10-Braking by short-circuiting the alternator phases

It is possible to short-circuit the alternator pgss order to get a braking torque.

CAUTION: the short-circuit must be made exceptitpah non-repetitive pulse-mode only.

The braking torque varies according to the loadedgmce: non-impedant short circuit or impedanttsho
circuit through resistors. Moreover, the brakiagjtie exists only when the alternator is in motiirstall,
the torque is null. Therefore, a strategy of plss®t-circuiting should constitute in no way diem@ative
to the use of a mechanical brake.

Short-circuit torque 500STK2M 150 RPM Short-circuit torque 500STK2M 150 RPM

R cc =0 Ohm R cc = 0,25 Ohm
800
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11-Thermal sensors

The frameless STK alternators are equipped withkiwds of thermal sensors for winding temperature
survey:
e Linear winding temperature measurement by meaitiseadr resistor KTY 84: 575 Ohm at 20°C;
1000 Ohm at 100°C
e Winding thermal security by means of PTC resistbimic value lower than 100 Ohm for acceptable
temperature; ohmic value higher than 1300 Ohm ft60rC threshold (maximum acceptable
winding temperature).

The thermal sensors are connected to an exterbl@ oede with 2 pairs of 0.25 mm2 per wire:
KTY 84: green/yellow pair
PTC: brown/white pair

1400 _KTves Thermal sensors
1200 —Pre
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12-Main users of ALXION STK frameless alternators

ENVERGATE Switzerland www.envergate.com
FUTURENERGY Great Britaimvww.futurenergy.co.uk
SEABENERGY Great Britaimww.seabenergy.com
EOLTEC Francevww.eoltec.comvww.eolys-re.com
EOLYS-RE Francevww.eolys-re.com

NHEOLIS Francevww.nheolis.com

FAIRWIND France/Belgiunwww.fairwind.be

OCEAN NAVITAS Great Britain (subsea energyww.oceannavitas.com
REWIND Energy ltalywww.rewindenergy.com
MTL-srl Italy www.mtl-srl.com

SGC ENERGY Portugalww.sgc.pt

FINNWIND Finlandwww.finnwind.fi

MORPHIC Swedemvww.morphic.se
FLEXENCLOSURE Swedewww.flexenclosure.com
VAC DEVELOPMENTS Canada

WIND SIMPLICITY Canadavww.windsimplicity.ca
PACIFIC ANCIENT ENERGY Pakistan
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