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Annex |. Aerogenerador “Etneo 300DS”

@ETF\EO
Small Vertical Wind Turbines DS300

Etneo introduces the small wind turbines with
vertical axis made with its partners in Taiwan ,
nicknamed the land of typhoons. Tests conducted
i test fields, the wind tunnel laboratoties such as
TUV NEL ( UK) NREL (USA), Windtest
KAISER  ( Germany), MIRDC (TAIWAN
institute for testing of micro wind turbines) the

active installations for some years up to today
provide excellent production capacity, solving all
the problems of the horizontal ones, notse from
vibration or all the power losses due to the need
to orientate the rotor to the wind.

Our turbines are working on two principles:
Savonius or inside blades with nozzes oriented
on the 4 cardinal points, always ready to capture

the wind, very useful at the start of rotation of
the wind generator with low  winds.
Darrieus or outer blades that allows the turbine
to wotk very well with turbulence or strong winds.
Our products are ideal for grid connection with
ABB inverter and energy storage systems with

photovoltaic modules to ensure a larger capacity
of the whole storage solution.

Etneo ltalia srl — via Giovanni Bovio n°6 28100 Novara — Tel +39 0321.697200 Fax: +39 0321.688515
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(./'IETHEO
Small Vertical Wind Turbines DS300
o [T — -
I Vertical Axis Wind Turbine Power System
Model number: DS300
PRODUCT SPECIFICATIONS
General Specifications
Rated Power 300W Wind Speed max. power|15 m/s
Rated wind speed |12.5 m/s Cut in Wind Speed <3 m/s
Cut out Wind Speed [15.5m/s Survival Wind Speed |60 m/s
Dimensions/Weight
Rotor Diameter (1.24m
f Z e BI.Z‘H\
Rotor Height  |1.06 m o~ N
Tower Height  [4.00 m (minimum) §_1‘; )
Total Height 5.06 m (minimum) /
Turbine Weight (25.5 kg w/o tower i F‘ T
Rotor Specifications s )‘“'
External Darrieus|3 blades = WP
Internal 2 layers
Savonius
Blades Material |Anodized aluminum
Axis Material Galvanized steel SS400
Generator Specifications Power Curve
AC, 3phase,
Generator TYPE  |o nohronism PMG POWER CURVE DS300
Rated Output  [300W ®0
Braking System 0 ﬁ
. _|3-phase short circuit braking 29
Automatic 200
system >
Manual |Optional g w0
Operation Conditions L /
Ambient -10~40C %0 //
0
Temperature 01 2 3 4 5 6 7 8 9 101N 12 1B KIS
Ambient Humidity [95% max. YWD SPEED

Etneo Italia srl - via Giovanni Bovio n°6 28100 Novara — Tel +39 0321.697200 Fax: +39 0321.688515
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Small Vertical Wind Turbines DS300

.METHED

Ground ,

Control box
MATERIAL LIST

NO DESCRIPTION QTY
1 Windmill 21260X1080 1
2 Pole 1
2-1 Flange 2140 t =10 1
3 FOUNDATION SCREW BOLT

1"X1000L (steel bar) L
4 Concrete(3000 psi) 1
5 Control box

Controller(WG0400) 1

Battery 12V 100AH 2

Etneo Italia srl — via Giovanni Bovio n°6 28100 Novara - Tel +39 0321.697200 Fax: +39 0321.688515
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?)etrheo
Small Vertical Wind Turbines DS300

BAT INPUT | SOLAR INPUT |
= B fes) =

MAX-A-TA-WSI-06-NNIIN-1
MAX HYBRID CHARGER

BAT INPUT

e &

QP

GEL BATTERY
12V 100Ah x2
(181P)

The hybrid Standard controller is
able to manage in total
autonomy the two different
sources, solar and wind, togheter
with the storage in the battery
pack.
The advanced technology allows
accurate control of all the
generated  values, the turbine
speed, the output power, the
capacity of stored energy. The
product is also water proof and
equipped with all protections for
short circuit, over-current or

voltage etc.

Etneo Italia srl - via Giovanni Bovio n°6 28100 Novara — Tel +39 0321.697200 Fax: +39 0321.688515
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Annex ll. Taula de conductors normalitzats

. Resisténcia 3 20°C Diametre total pels Diametre total pels conductors de coure{mm) aillats con:
Mesura nominal conductors
del conductar 42fm) Eama Itiﬁ‘ieh Cuyal Paper Cotd Fibra de vidre
15 4800(1) 1S: 4800 (1) 15: 3454 15: 450 I5: 4685
dec Area ) Simple Daoble .
[mm} (mm?2) Cu Al Fine  Medi Gruixut Earﬂl Fi Ordi- g | Ordi- g Sg;]glae EEEELE
nari nari
0,020 0,0003142 | 54 82000 - 0,025 0,027 - - - - - - - - -
0,025 0,0004209 | 35,12000 ° 0,031 0,034 = = > ° = = > = =
0,032 0,0008043 | 2144000 - 0,040 0,043 - - - - - - - - -
0,040 0,0012570 | 13,72000 - 0,050 0,054 - - - - - - - - -
0,050 0,001%84 | B, 781000 - 0,062 0,068 - - - - - - - - -
0,063 0,003118 | 5,531000 ° 0,078 0,085 = = > ° = = > = =
0,071 0,003960 | 4,355000 - 0,088 0,085 - - - - - - - - -
0,080 0,005027 | 3,430000 - 0,028 0,105 0116 - - - - - - - -
0,050 0,006383 | 2,710000 - 0110 0,117 0,128 - - - - - - - -
0,100  0,007855 | 2,915000 - 0,121 0,129 0,141 - - - - - - - -
0,112 0,009853 | 1,750000 - 0134 0,143 0,155 - - - - - - - -
0,125 0,012270 | 1,405000 ° 0149 0,159 0,171 = > ° = = > = =
0,140 0,01540 1,120000 - 0166 0,176 0,189 - - 0,244 0,229 | 0371 0,295 - -
0,160 0,02011 0,857500 - 0,187 0,199 0,213 - - 0,264 0,249 | 0,391 0,315 - -
0,180 0,02545 0,677500 - 0209 0,222 0237 - - 0,284 0,269 | 0411 0,335 - -
0,200 0,03142 0,548800 0,89130 | 0,230 0,245 0,261 = > 0,304 0,289 | 0,431 0,355 = =
0,224 0,03241 0437500 071050 | 0,256 0,272 0,290 - - 0,354 0326|0481 0404 - -
0,250 0,04209 0,351200 057040 | 0,284 0,301 0,2320| 0,500 0,425( 0,380 0,352 (0507 0430| 0,380 0,456
0,280 0,06158 0,280000 0,45470 | 0,315 0,334 02353| 0,530 0455|0410 0,382 0537 046l| 0410 0486
0,315 0,07754 0,221200 0,35930 | 0,352 0,371 0391 | 0565 0490 0445 0417 | 0572 04956 | 0445 0,521
0,355 0,09839 0,17420  0,282%0 | 0,385 0,414 0435|0605 0,530 | 0486 0458 | 0,613 0,531 0486 0,562
0,400 0,12570 0,13720  0,2228B0 | 0,442 0,462 0483 | 0650 0,575| 0531 0,503 | 0,658 0,582 0,531 0,607
0,450 0,15910 0,10840  0,17610 | 0455 0,516 0538 | 0,700 0,625| 0582 0554 | 0709 0632( 0582 0,658
0,500 0,19640 0,08781 0,14260 | 0,548 0,568 0,591 | 0,750 0,675| 0,632 0,604 | 0,759 (0,683 | 0,632 0,708
0,560 0,24630 0,07000  0,11370 | 0,611 0,632 0658 | OB10 0,735| 0,693 0,665 | 0,820 0,744 | 0,693 0,769
0,630 0,3118 0,05531  0,08982 | 0,684 0,706 0,730 | OBBO 0,805| 0,763 0,736 | 0,891 0,314( 0,763 0,839
0,710 0,3960 0,04355 007072 | 0,757 0,790 0,815 | 0,985 0,885 | 0,869 0,842 | 0,997 0,895 | 0,844 0,920
0,750 0,4418 0,03903 008338 | 0,809 0,832 0,858 1025 0925| 0,910 0,882 | 1,037 0935| 0,885 0,961
0,800 0,5027 0,03430 0,05570 | 0,861 O0OBB5 0911 1075 0975|0960 0533 | 1,087 0986 | 0,535 1,011
0,850 05673 0,03038  0,04934 | 0,918 0,937 09064 | 1,125 1025 1,011 0983 | 1,138 1,036 | 0,986 1,062
0,500 0,6363 0,02710  0,04401 | 0,%65 0,990 1,017 1,175 1075 1,081 1034 | 1,188 1087 | 1,036 1,112
0,950 0,7089 0,02432  0,03950 | 1,017 1,041 1070 1,225 1,1125| 1,112 1084 | 1,239 1137 | 1,087 1,163
1,000 0,7855 0,02195  0,03565 | 1,068 1,093 1,123 | 1275 1,200 1,162 1,135 | 1,290 1,215| 1,135 1,215
1,060 0,8826 0,01%54  0,03173 | 1,130 1,155 1,184 1335 1260 | 1,225 1,195 1,350 1275| 1,200 1,275
1,120 0,5853 0,01750  0,02842 | 1,192 1,217 1245 1,355 1320 1,285 1,255 | 1,310 1335| 1,260 1,335
1,180 1,0837 0,015770 0,025600 | 1,254 1,279 1308 | 1455 1380 1,345 1,315 | 1470 1395| 1,320 1,355
1,250 1,2273 0,014050 0,022820| 1,325 1,351 1381 | 15525 1450 1,415 1,385 | 1540 1485| 1,390 1465
1,320 1,3687 0,012600 0020460 | 1,397 1,423 1,453 | 1,595 1,520 1,485 1,460 | 1,615 1,535| 1460 1,535
1,400 1,5386 0,011200 0,01B1%0 | 1479 1506 1535| 1,700 1575| 1,580 1565 | 1,720 1645| 1540 1,615
1,500 1,7674 0,009757 0,015840 | 1,581 1608 1638 | 1800 1675| 1,885 1665 | 1,820 1,745| 1640 1,720
1,600 2,0108 0,008575 0,013930 | 1683 1,711 1741 | 15800 1775| 1,785 1,765 | 1920 1845| 1,745 1820
1,700 2,2701 0,007596 0,012340 ( 1,785 1,813 1844 | 2000 1,875| 1,895 1,865 | 2,020 1945| 1845 1920
1,800 2,5450 0,006773 0,011000 | 1,888 1,916 1947 | 2,100 1975| 1,985 1970 | 2,135 2045| 1545 2,020
1,500 2,8357 0,006081 0,009876 | 1,990 2,018 2,049 | 2200 2075| 2,085 2,070 | 22235 2150 | 2,045 2,120
2,000 3,1420 0,005488 0,008913 | 2,092 2,120 2152 2,350 2,250 2,225 2,195 | 2,375 2,275 2,145 2,225
2,120 3,5304 0,004384 0,007932 | 2,214 2,243 2275 | 2470 2,370 2,345 2,315 | 2495 2395 = 2,395
2,240 3,5413 0,004375 0,007105( 2,336 2,366 2,398 | 2,590 2490 2,465 2440 | 2620 2515 - 2,515
2,360 43749 0,003%41 0,006401 | 2,459 2488 2522 | 2710 26510 2,585 2380 | 2,740 2,635 = 2,640
2,500 45003 0,003512 0,005704 | 2,601 2,831 2665 | 2,850 2,725 2,730 2,700 | 2,880 2,780 - 2,780
2,650 5,5162 0,003126 0,005077 | 2,754 2,784 2,819 | 3,000 2875| 2,830 2,850 | 3,035 2,930 - 2,930
2,800 £,1583 0,002800 0,004547 | 2,907 2,938 2972 3,150 3,025| 3,030 3,005 | 3,185 3,080 - 3,080
3,000 7,0685 0,002439 0,003%¢1 | 3,110 3,142 3176 3,350 3,225| 3,235 3,205 | 3,385 3,285 - 3,285
3,150 77541 0,002212 0,0035%3 | 3,263 3,2B4 3330 3,500 3,375| 3,385 3,355 | 3540 3,435 - 3,435
3,350 B.8153 0,001956 0,003177 | 3466 3498 3534 | 3,700 3575| 3,585 3560 | 3,740 3,635 - 3,650
3,550 G,8203 0,001742 0,00282% | 3,670 3,702 3738 3,500 3,775 3,790 3,760 | 3,940 3,840 - 3,850
3,750 11,0461 0,001561 0,002535 | 3,873 3905 3942 | 4100 3975 3,990 3,965 | 4,145 4,040 = 4,005
4,000 12,5680 0,001372 0,002228 | 4,127 4,160 4,196 | 4,350 4,300 4,245 4,125 | 4395 47295 - 4,345
4,250 14,1881 0,001215 0,001974 | 4,330 4414 4451 | 4600 4550 4435 4470 | 4650 4545 = =
4,500 15,5064 0,001084 0,00176l | 4,634 4568 4705 | 4,850 4,800 | 4,750 4,720 | 4,900 4,800 - -
4750 17,7208 0,000973 0,001580 | 4,839 4923 4961 | 5100 5,050 5000 4,975 | 5155 5,050 - -
5,000 19,6370 | 0,0008781 0,001426 | 5,142 5,177 5215 5,350 5300 5,225 5,225 | 5405 5305 - -

Taula 1. Conductors normalitzats (Font: (33))

UNIVERSITAT POLITECNICA DE CATALUNYA
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Annex lll. Pauta de calcul. Mathcad
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DIMENSIONAMENT | CALCUL ANALITIC

1. Especificacions inicials del generador

Potencia electricanominal [P, ]

Pn:=300 W

El generador que es pretén dissenyar ha de proporcionar una poténcia util de 300W, per tant,
s'ha de conéixer que poténda ha de sertransmesa a aquest a través de la turbina eolica. Per
coneixeraquest valor és fara us del rendiment del generador [N g, agor-

"Reglament (UE) 2019/1781 de la omissio de I'1 de octubre de 2019"

"La eficiencia energética dels motors trifasics amb una po ttnda nominal igual o superior
a 0,12 kW i inferior a 0,75 kW, amb 2, 4, 6 o més de 8 polos, que no siguin motors de
seguretat aumentada «Ex eb», crespondera com a minim al nivell d'eficiénda IE2".

0 1 2 3 4
0 0 "2 pols" "4 pols" "6 pols" "8 pols"
1 "High IE2" "67.064%" "70.474%" "68.886%" "53.156%"
2 | "Premium IE3" "71.614%" "75.299%" "71.034%" "66.694%"
3 ['S. Premium IE4" "76.116%" "79.499%" "76.043%" "72.507%"

S'ha detenir en compte que aquest reglament s'aplica a motors trifasics de 50Hz i per tant els

reglaments obtinguts son referenciats a aquesta freqtiéncia. Per aquest motiu, la taula

mostradanomés sera una representacio dels valors aproximats de rendiment que han de tenir

els motors d'aque st caire. Finalment, pel cas d'estudi s'ha decidit utilitzar un valor de:

. oy e
Eficiencia del generador [ ngenerador] ngenerador := 0.95
Nonsalient-pole synchronous
Totally Sailent-pole machines
enclosed synchronous) Sadisect cooling
v
asynchronoud  machines — e % Direct water DC
machines or PMSMs | Air Hydrogen cooling machines
AXA/m, RMS 30-65 35-65 30-80 9110 150-200 25-65
Air-gap flux 0.7-09 085-105 | 08105 O08-105 08-105 06-1.1
density B,/T
Tangential stress
orum/Pa
minimum 12000 RELLLS 17 000y MELLLS SO0 12000
average 21 500r 33 500¢ 36 O0r 65 S00r 1,14 S00¢ 29000"
maximum 33000r 45000 59 Sir 81 S 1 A8 SO0 47 s
*‘cosg =08] ‘cosg¢ I COs ¢ |l *cosg I *cosg¢ | o 273

Factor de poténcia nominal [cos ¢]

cosp =1




¢ Freqiiénda [f] fs:=20 Hz

e Velocitat nominal [Nn] B~ 100 mm
_ 60-fs _
e Parell de pok PE "y PR
e Numero de fases[m] =3
® Potenda dela turbina[Ptur] Ptur := P Ptur=315.789 W

ngenerador-cosp

Tenint en compte que I'aerogenerador esallit porta
incorporades 4 pales de tipus Savoniusi 3 pales
Darrieus i que el ¢ rotor de la turbina es de 1,24m:

Drturbina = 1.24 m

0 Renydimiento wdeal

. ke
paire:= 1225 —
3

m

X .
- pata
g 40 "wli%’,\{
3 . TSR := 0.57-0.9 + 0.43-6 TSR = 3.093
F -
.E Enla grafica:
L m»nm\mm dedshis | Com TSR=3.093 8 — maero:= 0218
o -2 214 5 % T @
Ptur 3
- Arrastre - Empuje ascensional Pvent := Pvent=1.449 x 10
naero
_ 8 2-Pvent m
V= 2 v=12511
( Dr'turbina) .
TC- T paire

10



2. Dimensionament del generador edlic PMSG

Suposarem una Capa de comrent [A] d'entre 35000-65000 A/m:

A = 35000
AW

Sailent-pole Nonsalient-pole synchronous machines
sywcheumons Indirect cooling
Asynchronous | machines Direct water
machines or PMSMs Air Hydrogen  cooling
AKA/m  30-65 35-65 35-80 90-110 150-200
Stator winding Armatuge winding Armature winding

JIAIm?* 3-8 x 108 465 x10° | 3-5x 10°

4.6 x 10°

7-10 x 10°

AJIN M 9 x 1010 141010 | 105 %1010 36 x 1010 105 x 10 10
66 x 1010 200 x 10

52 x 1010 4225 x 10" 40 x 1010

Suposarem una TRV (Torque per rotor volume) d'entre 14-42 kNm/m?:

Class of machine TRV kNm/m’
Small totally-enclosed motors (Ferrite magnets) 7-14
N Totally-enclosed motors (sintered Rare Earth or NdFeB magnets) 14-42
TRV = 15000 _3 Totally-enclosed motors (Bonded NdFeB magnets) 20
m Integral-hp industrial motors 7-30
High-performance servomotors 15 - 50
Aerospace machines 30-75
Large liquid-cooled machines (e.g. turbine-generators) 100 - 250
Characteristic Units min. nominal max.
Gauss 11,700 12,100 12,500
BT, Residual Induction
2 mT 1170 1210 1250
ImantNdFeB35H (N35H): | § [, Oersieds | 10900 | 11.450 | 12000
i s WAIm 868 911 955
2 i Oersteds | 17,000
, Intnnsic
i ™ 4 kAm | 1,353
; MGOe 33 36 38
BHMAaX. Maxmum Energy Product
kJim® 263 283 302
e Densitat de flux remanent [Br]: Brm:=1.17 T
A
e (oercitivitat [Hc] a 1202C: Hc:= 868000
g H
e Permeabilitat buit [uo] po:=4-w-10
o = 1.073
e Permeabilitat relativa [pr] Zin po-He BE=,2

11



Es planteja un pitjor escenari, treballaral maxim d'aillament F (1552°C). La coerdtivitat resulta:

e Coeficient de T°C reversible per ala coerditivitat [a(Hcj)]: oHd) = 0605 2

P
AT:=155-120=35 °C

a(Hc)
100

Hc155 ;= Hec — He- AT-

Hc155 = 6.842 x 105

3>

Dimensionament D2:L:

TRV=————— D' L=

27N Pt
Parell : Wur= ——— g5 M:= —— =30.156 Nm
60 wtur

D2L =

35T  m
TTRV

S'estima: Lemp:=40 mm Pertant, el diametre interior del rotor sera:

- D= =0.253 > =0.250 m
Lemp ’R‘/
1000
1000 =y *
Entreferro : ,&A:: 0.0002 + 0.003- [ —— =4.121x 10 m - /ér\:: 0.5 mm

El diametre exteriordel e stator sera:

2-8
bext est:=D—-———=0249 m

Diametre interior del rotor: D=025 m

Diametre exterior del estator: dext_est = 0.249 m

Entreferro : 6=05 mm




3. Determinacio de l'eix

Perdetermina les dimensions de I'eix shade teniren
compte el diametre del mastil del I'aerogenerador. Per
poder escollir els 130-140 mm que proposa la fitxa técnica
s'haura de comprovar que el calcul no superi el diametre \
minim: Ny

7 N '
Taix = 3.5-10 2
m
Wt_min = ——=8616x 10
Teix

El diametre minim de ['eix sera:

3
dp min= [Wt mi R 0.016 & — Aquestdiametre s'ha de normalitzar per atalegi es fara
_min tmin" )
Us del KIENLE:
e
, 4 3
/ A \ dy =17 mm
f \ \
\(1_{ == ;_I__)_ L tA =19 mm
Ny }
.V /{,‘ up =5 mm

Tot i aixi, com s'ha momprovat que el diametre del mastil és superior al diametre minim,
s'utilitzaran 130 mm com a obertura interior del generador.

13



4. Debanat ESTATORIC

DEBANAT q>1

Q = 27 ranures . Q 0TS hEEs G s
p =12 parell de pols 2:p-m
b= e Yo = 2 _ 1125 & Paspolarexprssaten ranures

2-p

FASEA

FASE B
Fase ¢ [N

El debanat proposat és de doble capa. Com q (nimero de ranures per pol i fase) no es un nimero
sencer, no es poden aplicar les formules teoriques del factor de debanat. Per poder calcular aquest

valor es fara (s dels fasors d'una de les fases del generador, aque st métode s'anomena "Voltage
Vector Graph".

14



Primerament es construira I'star slot del bobinat i els vectors que formaran la fase A.
Finalment, es fara el calcul dels vectors de voltatge de dita fase.

t=MCD (Q,p)=MCD (27,12)=3 ¢ — t:=3

Q
Q = = 9
1 t
p
=—=4
P1 .
2. :
anglel := Tﬂ- -t =0.698rad angle2 := 40 graus 8 = Angle entre radis
angle , == E-anglel =2.793 grauss — Angle de ranuraaranura
t
L
Y
1
1]0° — 1]160° — 1]160° + 1|320° + 1|320° — 1[120° £, = 0.9452

fu = -

15



4. Aplicacié del FACTOR DE CARTER

La disminudd de la valor de la induccié en una maquina amb ranures a diferénda d'un altre amb

entreferro uniforme, es pot obtenir inccementant el valor de la longitud de I'entreferro mitjangant
el FACTOR DE CARTER.

bg:=2 mm
7t- bext_est-1000
= = 28.972 mm
Q
b
Ty MM T bem kb= 0ss
5+ —
Kiei= * = 1.032
STt —be
r
s = keg'8=0516 mm 1 > L'entreferro equivalent 8es =0.516 mm
sera doncs:

16



5. IMANTS DE NdFeB

Es realitzara una primera estimacié del valor de la inducci6 en els imants:

e Factor de recobriment: S

Sg
Per calcular el factor de recobriment polar, s'utilitzara I'algada mitja dels imants i de I'entreferro
tal i com es mostra a la figura segiient:

ok ._:, Altura mitja
et e = | == dels imans
===

y

P e —
%

\\ ,’
\ /
\ o ,'
~
,N
N 7/
N 'l
\I
' Q= 14.77
Tenint en comte el valor de l'entreferro calculat: D= 250 mm
a) Imants: D+ 1.5+ 1.5=253 mm
D ™ 3
Sm:= o-—-Lemp-—— =1.289 x 10
2 180
—
ext est- 1000 4
b) Entreferro: Sg = 2-Lemp-7\'-¢_— =3.129x 10 Sm-24 ~ 0989
2 sg :
- o= 0.989

e Factor de saturacio: ky =1

e  Altura imposada dels imants: ly=3 mm
1
Bg:=Brm- ——————— =09895 T
cs
L+ kq-pr-o-—
Im

17



6. DEBANAT ESTATORIC

Simulat un principal debanat al SWAT-EM, aquestens mostra la possibilitat de tenir un debanat amb 3

fils connectats en paral-lel (aa=3) o la possibilitat de la connexié total en série (aa=1)

€, =0.945
Q=27
fs=20 Hz
p=12
dext_est =0.249 m
T0- bext_est
T.=———=0033 m
2 Lemp —4
¢6 = _'86' -1, =8.213x 10 Wb
T 1000 P

Es procedira al alaul del nimero de espires per pol i fase per a cadascuna de les possibilitats de
connexio:

A) Connexié total en seérie aa=1 E,ap=90 V
= Faal = 108.729 = 109
Ns_aal = 2 - ’ ' Reweadn™ ranures perpd i fase

p—

N Ns aal P = 1308 espires perfase

si.aal =

Zt_aal = Ns_aal’z'm = 7848 condutors

aa=1 = : Zt_aal . "
Zr aqa1= a =290.667 Z; aq1,= 291 conductors perranura
. Zt_aal _ ;
Nt aa1 = — 3924 espires

18



90

B) Connexio en paral-lel aa=3 Eugsi— 'V
3
= = =36.243 = 39
Ne. a3~ D0 -0 " Reveads™ ranures perpd ifase
2
Ns_aaB = Ns aa3'P= 444 espires per fase

Zt_aa3 = Ng 453°2-m=2664 condutors

s_aa
aa ;=3 = - Zt_aal B _
Lo Zr_aaS == 290.667 M.— 99  conductors perranura
o Zt_aa3 _ .
Nt aa3 = 5 1332 espires

—

6.1 Dimensionament del debanat estatoric

Peral dimensionament de |'estator es necessitara la suposicié d'alguns valors d'induccions maximes.
En la taula seglient es mostrara quins valors seran d'utilitat pel calcul de les dimensions fisiques de la
maquina.

Induccié maxima a 'entreferro Bs Bs<11T

Induccié maxima a les dents B, B.,<16T

Induccié maxima a la corona estatorica By, By =14T

Induccié maxima a la corona rotorica B, s =14T
{ ] i1 Il

tr

W

N

To = 0.0326 m

"p

T =0.029 m
2
2p

B =1.6: T

max_dent =



Teorema de Gauss:

6.2 Conductors

b5 = Pdent

-

Wd =

BS'Tp

B

max_dent 2:p

Q

=0018 m

W= T, — Wy = 0.01105 m

Pel calcul del diametre dels conductors s'escollira un valor de densitat de corrent [A] de 4 A/mm?

Sailent-pole

Nonsalient-pole synchronous machines

synchronous . -
Asynchronous machines S iy Direct water
machines or PMSMs | Air Hydrogen  cooling DC machines
AKA/m  30-65 35-65 30-80 90-110 150-200 25-65
A A Stator Armature Armature Armature
=4 = . winding winding winding winding
mm> J/A/mm® 3-8 4-65 3-5 4-6 7-10 4-9
Copper rotor Field Pole
winding winding: winding
J/AImm®* 3-8 2-35 2-55
Aluminium Multi-layer Field Compensating
rotor winding winding winding
J/A/mm® 3-65 24 3-5 3-5 6-12 34
Single-layer | With direct water cooling, in field

windings 13-18 A/mm’ and
250-300 kA/m can be reached

A) Connexio en paral-lel aa=1

S n_aal 035
= =0. mm
c aal A
2
dc aal
Sovaadk~ T —— = 0.396
|
1
A,y = ——— =3.536
c aal
S - Zr_aal'st:_aal
ranura_aal" FO
h . Sranura_aal _
ranura_aal - w,- 1000

1> mm
Cataleg => d waadl =071 mm
2
mm
2
=288.031 mm
26.055 mm

20



B) Connexié6 en paral-lel aa=3 Ly wan =850 A FO == 0.4

__ 'n_aa3 2 ) c_aa3
>c_aa3 = A R AT B0 de aa3 = [4 =1.056 mm
- = kL
Catileg=> Meneads= 1060 mm
2
_ dc_aa3 _ 2
M-— T\"T =0882 mm
|
n_aa3
Az = =3.966
c_aa3
) Zr_aa3'st:_aa|3 2
Sranura_aa3 = =218412 mm
- FO
. Sranura_aaB B
hranura_aa3 = W =19.758 mm

La ranura calculada és totalment rectangular i l'obertura és massa gran i pot ocasionar grans pérdues
i una elevada saturacié en el generador, per aquest motiu, una vegada aconseguides les dimensions

aproximade s de laranura, s'ha optat per esmllir-ne una de mateixes dimensions pero amb algunes
alteracions com indica la figura seglient.

tr

W

N

i

W

~
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Area A:

ha
3
23

AAramma_aal =w, 1000'(hranura_aa1 . 0.001) =288.02 mm’

AAranura_aa3 =w, 1000'(hranura_aa3 - 0.001) =218.401 mm’

@ 26,055 mm Area B:
]
2
19.758 mm ABranura_aal =2 mm
i 2
= ABranura_aa3 =2 mm
11,051 mm
Zy aa1°Sc aa1 100
Foaal = = = =39.726 % oK
A + A
Aranura_aal Branura_aal
Zr aa3'sc aa3'100
FO_,3 = = = =39.639 % OK
A + A
Aranura_aa3 Branura_aa3
Culata estatorica: Bsy =14 T
Teorema de Gauss: = By T,
5= sy "7 hy=——=00115 m
Bsy-2
Culata rotorica B, =14 T
i 5., 10256
5 ———
Teorema de Gauss: = 2-12
5= ry =2 hy=—5——=00U8 m




7. DIMENSIONAMENT REAL DELS IMANTS

Factor de dispersio [o,]: LA

Corrent maximen pu [I,]:

Factor d'utilitzacio de l'imant [T_]:

Factor de recobriment polar [o]:

Angle entre el fasor In i Eo [8,; ol

5'“_E0_aaa = 0284
7.1 Mida maxima dels imants
e Amplada maxima imants: Biiigs =0 e ~/0E022 i
S . 6CS
e Altura maxima imants: Df := cdext est + 2 ——
2-1
Df + — dext_est
_ 1000 23

hnax = 5 =3.516x 10

¢ longitud maximaimants: Lmax imans = Lemp =40  mm
Y "
\\ /
N /
\‘ ,’
\ "
\\ ”
)

=12
Imax_aal = In_aal'\/E Imax_aa3 = In_aa3'\/E

Imax_aal

Ipu_aal = | = 1414 km_aal = Ipu_aal
n_aal
. Imax_aai’: _ K _
Ipu_aa3 = | = 1414 m_aa3 "~ Ipu_aa3
n_aa3
€ =06

ap =0=0989

En el cas d'estudi, com cos =1 I'angle entre Ini
Eo sera el mateix que Ei U, pertant &

5In_Eo_aa1 =931

o
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7.1. Criteri de volum minim

A) Connexio total en série aa=1

k,q:= =0.786
el
sin| o
i
0'2'Go'km_aal'kad'tan(éln_Eo_aal'E)
Cy aal = =0.073
A cm
7 P
¢ Volum minim: Ppe= —————— =315789 W
mgenerador- cosp
v =C "bs ) 437x 10
min_aal = “v_aal ¢ grm.Helss
rm Vmin aal -
e Altura minima: Byecoyiin: aafis = =1.114x 10 m
- = Lemp
Mm% 1000
B) Connexio en paral-lel aa=3
oy, -0 + sin(o, - 7T
_ (o (™) _
/!/(\ad/\‘_ - =0.786
4~sm(ap-?)
i
0'2'Go'km_a33'kad'tan(éln_Eo_aa3'_)
. B 180) . -3
v aa3 = =2.203x 10
v Cm
, . P
e Volum minim: Pape/= ——————— =315789 W
ngenerador - cosg
P
abs —8
Vv _. =G e =4.344 x 10
min_aa3 v_aa3 fs. Brm- Hc1S5
p— Vmin_aa3 -5
e Altura minima: By i apd = =3.369x 10 m
- = Lemp
max 1000

(ap-‘r\' + sin(ap - ‘r\'))

3
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7.2. Criteri de desmagnetitzacio

A) Connexio total en série aa=1
IMax_aal = In_aal'\/E' km_aal =28 A

'Max_aal

- bext_est

AMax_aal = Zt_aal' =2.809x

=
- A
FMMdesmag_aal = AMax_aal' 5 457.8

e  Altura minima: by min aal =

B) Connexio en paral-lel aa=3
IMax_aa3 = In_aaB'\/E' km_aa3 =% K

IMax_aa3

- bext_est

AMax_aa3 = Zt_aa3’ =2.384x

&
= B
FMMdesmag_aa.’» = AMax_aa3'7 =388.5

e Altura minima: . _
V_min_aa3 "~

FMMdesmag_aaB

4 A
10 —
m

A

FMMdesmag_aal
Hc155

I

4 A
10 —
m

A

—5678x 104 m

Hcl55

25



d\B
4 i 1 i N- I"]
= M . ‘l .
e A
_____ L-Bm k: lm 55
E Terme que desplaca la recta
: >H capaladretaocapa
E " v I'esquerre
. NI
v ¥
- N-IL a
L,
L Ns_aal'IMax_aal 5353x 10 3
. = =5, m
max_imants_aal Hc155
= Ns_aal _
FMMpecmag aa1 = 135- -gw-(ln_aal-3) =584.162 A
FMMDesmag_aal 5
—— =1.091x 10

Lmax_imants_aal

B) Connexio en paral-lel aa=3

L _ Ns_aa3'|Max_aa3
max_imants_aa3 - Hcl55
. Ns_aaB
FMMDesmag_aa3 =135 .
FMMDesmag_aaE’; 5
—— =1.091x 10

3>

Lmax_imants_aa3

3 |»

—4543x 10> m

€y (In aa3'3)=495.734 A
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FMM B
Condici6 de desmagnetitzado: AB = o T < _?r = ABméx
Brm
ABmax = T =0.39
FMM
D 1
sasl  AB__ .. = jo- e e —0209 T <ABmax OK
- (Bestm)
1000
FMM
Desmag_aa3
aa=3 AB = Ho- = =0.177 T <ABmax OK
max_aa3 o (‘Scs"'lm)
1000

T

Finalment s'ha escollit a configuracio de tots els conductors connedtats en série aa=1. Per tant, les
dimensions dels imants seran les proposades a continuacio:

bfinal = 32.22 mm

" > Lfina =40  mm
\ //
\\ - hﬁnal =3 mm
\\ -
~ s
Y 3 Vi im=th he =3.866x 10° 3
final = Pfinal final Nfinal = 3- mm

] Vfinal -6 3
VEinal = — =3.866 x 10 m
1000
\Y; =3.866%10 ° v =1.437%x 10 © OK
Fifyal =2-000'% BB Vi a1 x



8. INDUCTANCIES
8.1 Inductancia principal

| | . (6 = Im) -3
sat geq = ksat~kcs~|:m =3.611x 10 m
L
dbext_est- <t N ) 2
o o 1000 [ Ns aa1l w
aa= Lm 4517 ——.m- . =0.035 H
L
dext_est- il N . <
po 1000 [ Ns aa3" 8w -3
aa=3 Ly gaz=—m: - =4.048x 10 H
- ™ geq P

8.2 Inductacies de dispersio

¢ Inductancia de dispersio diferencial o d'entreferro (Ly )

-------------------------- LF METODE = - - - = = = = =~ e e e e
oys = BT = 2703 £, = 0.945
Q
i -2
QX
sin|:(1 +2-k-m)-q-%}
sin|:(l +2~km).3:|.
2 aUS
300 qsin|:(l +2'k'm)-T:|
k1= = =0.451
" kz (l+2-k-m)-§w
ii -2
sin[(1+2-k-m).q.%§}
sin[(l—i-z-km).ﬂ:'.
% aUS
~300 qsin|:(l +z.k‘m).7}
k52 = - = 0.406
” kz (1 +.’2-k-m)-§(.d
= _l L |

Og8s = k61 + k62 = 0.856
aa=1 L65_381 = 0§ Lm_aal =0.03 H

. _ -3
a8=3  L§¢ 443 = Opsly 503 = 3467 10 H



€h =

0.0606617
0.13985 2
0.57735 Y Z (ﬁ_) = 0.019
0.945214 h
0.945214 h
0.57735
0.13985
0.0606617 |
0 aa=1 L5 aa1™= lm_ aal’ 5
0.0606617 &w_
0.13985
1 -
(3'954757;154 L6_aa3:: Lm_aa3' _212 =S Al i
&)
0.945214
0.57735
0.13985
0.0606617
0
0.0606617
0.13985
0.57735
0.945214
0.945214
0.57735
0.13985
0.0606617
0
0.606617
0.13985
0.57735
0.945214
0.945214
0.57735

$=7374x10 % H




¢ Inductanda de dispersio de ranura (L, )

2-m-N
s _aal 2-m-N
I ———— 3
Naal 5 290.667 iy g saa3 _ oo cen
Q
-------------------------------- latipologiade ranur@a--------------c--cmmanaoo
@ Per
bl 1= Wr=0.011 m

-3 —3
bg 1:=2-10 ~=2x10 m

h  hy = 110 2 =1x10 > m

-3
Hagd 4 (hranura_aal - 1)' 10 " =0025 m

+

— =B}
Hags 45 (hranura_aa3 - 1)'10 =0019 m

- . 2 Lemp haal_l h4_1 _
aa= L1y aa1= Mo+ (nga1)™ 106+ +—=—[=0014 H

h h
2 Lemp aa3 1 41 -3
aa=3 L : uo( ) —] 0.6+ = 4+ —— | =1.369x 10 H
1r_aa3 aa3
__________________ .
@ Per Wy, = 0.0055 m
by by 5:=002347 m
- h B _ _
| Yobyp=2:107=2x100 m
~ h h42_1~1o‘3=1x10”3m
— _3 -_—
______ L haa1_2 = (hranura_aal - 1)' 10 ©=0025 m
b h = (h ~1)-107% = 0019
1 aa3 2~ ( ranura_aa3 ) =i m

-1 : 2 Lemp haa1_2 h4_2 _ g
aasl Ly, .= uw(naal) ST 0.6 + oy, + or =9.205x 10 H

aa=3 | po- ( )2 Lemp | 0.6 + aa3 2 % P2 9204x 100 H
= = po-(n . -1 0. =9.
2r_aa3 aa3 1000 bl > b4 "
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by

! } 134_3:=2~10_3=2><10_3 m
x| i h
| - =3, ~3
; h4_3.—1~10 =1x10 m
? -3
| - - -
. | - haa1_3 = (hranura_aal - 1)'10 =0023 im
——%F
b,

-3
haad g (hranura_aa3 - 1)‘ 10 " =0019 m

: 2 Llemp haa1_3 h4_3 _
= uo~(naal) - 106+ ———+—=|=0014 H

1000 by 3 by
2L haa3 3 hg 3 _3
an=3 L3r aa3 = li°'("aa3) '%(0. :z_s + ?:3) =1.369 x 10 H
__________________ 1
@ Per : M—OOOSS m
b, by 4= 002347 m
1 hy by 4= 2107 °=2x107 > m
~ A h4_4:=1-10‘3=1><10‘3 m

: -3
5 haal_4 T (hranura_aal - 1)' 10 = =0.025 m

] -3
b, haa3_4 = (hranura_aa3 - 1)' 10 "=0019 m

2 = -3
aa=l Ly o9 = po-(nga1) 1000 + ——J =9.205x 10 H

2 Lemp haal_4 h4 4
— 06+
bia baa

2 Lemp haa3_2 h4_4 —4
aa=3 Ly, 3= u°'("aa3) | 06+ —— + —— | =929 x 10 H



.?&..L
' hs
1 s
""" ~h,
~
\ —
b
b:=43137-10 'm hy 5:=0
h =0
i3 -3 25
by 5:=2-10 "=2x10 By
haa1_3_5 e (hranura_aal = 4) -10 =0.022 m
h = (h 4)-10° > =0.016
aa3 3 5~ ( ranura_aa3 ~ ) =0. m
— 3
haa1 4 5°= (hranura_aal - 1)' 10 "=0.025 m
s =4 3 _
haa3_4_5 = (hranura_aa3 = 1)' 10 ~ =0.019 m
haa 155 hranura_aal <10~ =0.026
-3
haa:-1_5_5 = hranura_aa3' 10 °=0.02 m
al = haal_3_5 = 0.022 bl = haa3_3_5 =0.016
82 = hyaq 4 5=0.025 b2:= h,.3 4 5= 0019
asi= haal_S_S = 0.026 b3 = haa3_5_5 =0.02

aa=1

. ( )2 temp [ h2 5 -h1s . al-hy 5 ,22-al (b ) a3-a
== o-|n . . -In
5r_aal = H2"Maal) "0 3-b b b—byg |bys 6

Lsr_aal =0.026 H

aa=3

; ] 2 lemp (P25 P15 N bl-hy 5 L b2-b1 (b ) b3-b2
= o-[n . . -in
e 223) o0 3-b b b=bg | by 6

-3
L5r_aa3 =2275x 10 H
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bi=9.128-10 - m
M

—3 o
by =210 "=2x10

cli=hy,y 3 6=0022
e2i= haal_4_6 =0.025
£3 2= haal_s_s =0.026

aa=1

m
oDs, A
5
: hy
~—ths
~
Y fem— ..h1
o =
b
hy =0
;3 hpe=0

—3
haa1 3 6= (hranura_aal - 4)‘ 10~ =0.022

-3
haa3_3_6 = (hranura_aa3 - 4)' 10~ =0.016

— -3 .
haa1 4_6= (hranura_aal -1)-10 " =0.025

oz -3 _
haa3_ 4 6= (hranura_aa3 - 1)' 10 = =0.019

o = m
haal_5_6 e hranura_aal' 10 = =0.026

i =
haa3_5_5 = hranura_aa?;' 10 "=0.02 m

dl = h383_3_6 = 0016
d2 = haa3_4_6 =0.019

s 2 Lemp
LEir_aal = po'(naal) 500

Lor aa1 =0013

aa=3

hye—h1g -hys _¢ [ : J
. =i — + In

3-b b b b4_6 b4_6

c3 —-c2
+
6

) 2 Lemp
Lor aa3 = p‘°'("aa3) 1000

-3
Lgr aa3 = 1157 10 H

hy g—h1e dl-hyg go_d1 (b
- ~ 5 = -In

+
3-b b by b4_6 b4_6

)+

d3 —-d2
6
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¢ Inductanda de dispersio de ap de dent(L, )

i 2
tl’
—bg 1
L g = 2 Lemp (MO0 7 |8 688 157
aa=1 z aal — uC"(naal) ’ 1000 ' t e X
r
Qg e
8ea" 000
2
tl'
—bg
aa=3 L __.:= 2 Lemp |\1000 =0 leuosax -t m
B z_aa3 "~ uc"(naaB) ' 1000' t, -
8.0 .——
8ea" 000
e Inductancia de dispersio de cap de bobina ( Lcap )
L= 2.2 o5 = 0155
- 1000 P 7
- Lemp
I, = ~ 1000 =0.037
. 5 ;
Iew =0.01 Wew = |w—2~|ew=0.017
Valors tabulats: New = 0.605 Ay = 0.028
) 2-lew New + Wew My
Nysi= | =0.336
w
2
25 a 4'm'q"\ls_aal T Aws B -3
aa= Lcap_aal = Ho- a =4511x 10 H
2
e _ 4-m-q-Ng aa3 -l Aws _4
=3 L., a3 Ho- =5.198x 10 H

Q



aa=1

aa=3

R1

R2

R3

R4

R5

R6

R1

R2

R3

R4

R5

R6

INDUCTANCIA TOTAL

Ltotal_aalRl = |‘m_aal 3 L5_aal + |‘1r_aal * |‘z_aal g I't:ap_aal =0.05837

Ltotal_aalRZ = |‘m_aal > L6_aa1+ I‘2r_aa1 ¥ Lz_aal . l'cap_aal -

=0.05328

L1:ota|_aa1R3 = Lm_aal > L6_aa1 & |'_%r_aal & Lz_aal * Lcap_aal =0.05837

Lto’cal_aalR4 o Lm_aal 5 L(5_::131 T |‘4r_aal * |‘z_aal + Lcap_aal =0.05328

Ltotal_aalR5 = 'm_aalt 15 aal™ Lsr aa1t 'z aal * Leap aa1 =0-07002

Ltotal aalR6 = 'm_aal T 15 aa1l™ Ler aal * 'z aa1l * Leap aa1 =0-05705

-3
Ltotal_aa3R1 = I-m_aa3 + L<3_aa3 + L1r_aa3 * I-z_aa3 + Lcap_aa?! =64472x 10

Ltotal_aa3R1

23

—4
=2388x 10

Ltotal aa3R2 = 'm aa3 t 15 aa3* Lor aa3 * 'z aa3 t leap_aa3 = 6-00797 x 10

Ltotal_aai’»RZ

3
3

=2225x 10~ 2

Ltotal_aa3R3 = I‘m_aa3 + L45_aa3 + L’:’;r_aa3 + |‘z_aa3 + Ln:ap_aa3 =6.4472x 10

Ltotal aa3R3 4
— =2 2388 % 10

33

Ltotal _aa3R4 = 'm_aa3 T 15 aa3* L4r aa3 * 7 aa3 * Lcap_aa3 =6-00797 x 10

L'I:otal_a a3R4 4

53

=2225%x 10

3

=3
Ltotal_aa3R5 = 'm_aa3 * 15_aa3* Lsr aa3 T 7 aa3 + Leap_aa3 = 733391 x 10

Ltotal_aa3 R5 -4
—— =2724x 10

33

Ltotal _aa3R6 = 'm_aa3 T 5 aa3* ler aa3 * 7 aa3 * Lcap_aa3 =6-23611x 10

Ltotal_a a3R6

3
3

=231 x 10_4

3
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DIMENSIONAMENT TERMIC ANALITIC

1. Especificacions inicials téermiques del generador

= 00171 M
e Resistivitat del courea 20°C: Peu:20°C V- -
Sm
e Conductivitat del coure a20°C: Ocu_20°C = 385 .

e Coeficicient de resisteéncia térmica del coure a 20°C:

Resistivitat del coure a 100°C: T:=100 °C

9

= 1 (T—20)] =0.022 Lmm
Peu_100°C = pcu_20°C'[ + Oy 20°C ]— Ve -

Conductivitat del courea 100°C:

Sm
=44.846 ——
5

Ocu_100°C =
Peu_100°C il

s
2 7 =
Ocu_100° = ¢y 100°c 1000 =4485x 10 m

Resistenciade fase aal:
N -
s_aal ‘av
=1 = = =11.
aa Rf_aal 3 11416
[dc_aal)
1000
Ocu_ 100" ™ T a
Resistind - _ Rf_aal_ -3
esistencia per espira: Respira_aal = = =8.728 x 10 Q
s_aal
Resistencia FEMM: . Respira_aal _ -3
esistencia : REEMM_aal = — 4364 x 10 Q
Lemp
1000 s
Conductivitat FEMM: TCu FEMM1 = — =2315x 100
dc_aal
1000
REEMM aa1 | ™~
_ JCuFEMML __ _ MS
Ocu_femm1 = — o - 23152 —=

10



Resisténciade fase aa3:

3 . Ns_aa3'lav B . Rf_aa?a B
aa= Rf_aa3 = S - 1.739 Q Rf_real_aa3 3= S 0.193
dc_aa3 3
& 1000
0 T » =
Cu_100 2
Resistencia per espira: - [ realaa3 = Q
9] pira: Respira_aa3 = N— =4.351x 10
s_aa3
R .
G N s : __ espira_aa3 _ —4
Resistencia FEMM: REEMM aa3 ™= — = 2.175x 10 Q
Lemp
S
i : ) 1000 g
Conductivitat FEMM: TCu FEMM3 = — =2084x 10"
dc_aa3
1000
REEMM_aa3'| ™~
_ 9Cu_FEMM3 _ MS
GCu_femm3 = —6 =208.364 :
10
2. Determinacid de les pérdues del generados
— . 2
aa=1 Pj_aal =3- Rf_aal' In_aal =67.126 w
I +
Ple_aal = 5 'Pjaa1 = 13425 W
_____________________________ =
Piotals_aal = Pj aal* Pfe aa1 =80-551 W
i 2
as=3 Pi aa3'= 3'Rf real aa3'ln aa3 =7.099 W
Pfe_aa3 = g'PJ_aa3 =142 w
_____________________________ i
Piotals_aa3 = Pj aa3 * Pfe_aa3 =8-519 w
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3. Escalfament

Superficie de ventilacié aproximada: Dext == 0.275
Bcarcassa = 0003 m
L LemP | 5.1 =0.06
= — . =0. m
carcassa 1000 ew
Dext_carcassa = Dext + 2-85 cas5a = 0-281
™ 2 2
Sventilaci6 = ™ Dext_carcassa' Learcassa T 2': ‘Dext =0.172 m
aa=1 VENTILACIO NATURAL: AT =100 °C
MW
4 W
AT _
kvl:: 1.32: |———=15.909 2
dext_est m °C
Piotals aal
A@aall = — =79.365
kvl' Sventilacié
VENTILACIO FORGADA: Vyent = 12 —
Vvent
kv2 = 3.89- =55.013
Learcassa
A© ) IDtotals_aal 8595
aal2 —= =0
kv2' Syentilacié
aa=3 VENTILACIO NATURAL: Ptotals_aa3
A(‘:‘)aa31 = = 8.394
kvl's‘ventilacié
5 P
VENTILACIO FO DA: totals aa3
A AO, 3y = ———=——— =0.902

kv2' Sventilacic’>

°C
w
2
m °C
°C
°C
°C
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Una vegadadimensionat el generador edlic és presentara grafiament el seu comportament.
D'aquesta manera es podra veure de forma analitica el seu funcionament.
Finalment, es realitzara la caracteristica de la maquina.

Caracteristica Poténdia-Intensitat P(I) aa=1

Dades principals

%= Lotal aa1r1 = 0.058

cofi=1
12 f N 50 sefmnf1—con®
= P> =p-— = sefi .= — cofi
An 60
a=0
X=2-w-fs-L=7.335 /&\:: Rf_aal =11.416
Y E i
Imax =~ =6.633
R™ + X
Voltatge de fase si(cofi) = | (1) if cofi<0
1 if cofi>0
0 if cofi=1
5
2 2 2 r
Uf(l , cofi) = root|:E" —{(U | cofi| + R-1)”+ (si(cofi)U-\/ 1 —cofi” + X-l) :| .U.0 .2-E:|
00000 L
In = In aa1= 14
cof =

P(I .cofi) = 3-Uf(| .cofi)- |- cofi

P(I,, - cof) = 308.405

Uf(ln 5 cof) =73.43



Pas (x : cofi) = d—P(x 2 coﬁ)

dx
Given X:i= X

gofi,= 0.0001,0.01 .. 1.0

Ipmax (cofi) = Find (x) Ipmax 1) = 3456

Prmax (€0fi) = P(Ipmay(cofi)  cofi) P (1) =486.284
) Uf('Pmax(l) > l)

Req = ————— = 13.569

leax(l)

Ug(lpmax (1) . 1) = 46.899

)

Pinterna = Pmax(l) +3-R- IPmax(l)‘ =895.394

Poténcia eléectrica en funcio de la intensitat

Pder(x K cofi) =0

50

el

40

300

100]

(=]
8]
FS
[=))

—— P(D)
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Poteéncia eléctrica en funcio6 del cofi

500 T T T T

400~ n

300~ .

Pmax(coﬁ)
2001~ .
100~ .
0 | I 1 1 1
0 0.2 04 0.6 0.8 1 12
cofi
Intensitat (Pmax) en funcio del cofi

3.8 T T T T

1

Ipmax cofi)
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Caracteristica Poténdia-ntensitat P(I) aa=3

Dades prindpals

N= Nn = 100
E:= Eaa3 =30
Ltotal_aa3R3 -4
= ——— =2.388x 10 H
33
cofi =1
N 2
=12 1> f=p-—=20 sefi ==~/ 1 — cofi
60
a=0
X=2:7fs:-L =003 Ri=Rf ronl ga3 = 0.193
) E
Imax = —— = 15346
2 2
R™+ X
Voltatge de fase si(cofi) = (—l) if cofi<O
1 if cofi>0
0 if cofi=1l

Uf(l .cofi) = root|:E2 —|:(U- |cofi| + R- ')2 + (si(cofi)U-\/ 1 - coﬁ2 + X- l)

JE05000

=1 =35

n n_aa3

cof =1
P(1, cofi) := 3-Ugll, cofi)-I- cofi

P(Ip, » cof) = 307.899

Uf(ln : cof) =29.324

Ug(I - cof)

Rpi= —— =8.378

In

2
,U,0,2-E
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Pyei (x ; cofi) = d—P(x 3 cofi)
dx

Given Xi=1 pder(x i cofi) =0

&ofi:=0.0001,0.01.. 1.0

(cofi) := Find(x) (1) = 76.958

[Pmax IPmax

3
1) =3473x 10

P cofi) = P(I Pmax

max

(cofi) s cofi)

Pmax

] Uf(leax(l) ? 1)
R, =——————=0.195

= leax(l)

Uf(IPmax(l) (1) = 15.045

R
P (1) +3R1p (1) =6906x 10°

Pinterna = Pmax

Poténcia electrica en funcio de la intensitat

4x10°

3x10°

0 50 100 150 200

—— P(])
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Poténcia eléctrica en funcio del cofi
3
4x10 T T T T T

3x10°F -

Pmax(COﬁ) 2)<103“ )

1x 103‘ =
0 | 1 1 1 1
0 02 04 06 038 1 12
cofi
Intensitat (Pmax) en funcio del cofi
110 T T T T N
100 .

IPmax(COﬁ) 90~ 1

80~ N

70

0.2 04 0.6 0.8 1 1.2

cofi



Disseny d'un generador d'imants permanents per a una mini-turbina eolica d'eix vertical aillada de xarxa

Annex IV. Fitxa tecnica de I'imant NdFeB 35H

=< ARNOLD
=25

MAGNETIC TECHNOLOGIES

N35H

Sintered Neodymium-lron-Boron Magnets

These are also referred to as "Meo” or HdFeB magnets. They offera

combination of high magnetic cutput at moderate cost. Please contact Armold Characteristic Units i c1
for additional grade information and recommendations for protective coating. - T
X . N Reversiole Temperature Coefficients '
Aszsemblies using these magnets can also be provided. n
. of Induction, afBr) W 0120
E. of Coercivity, a{Hd) HEC -0.605
Characteristic Units min. nominal max. & |Cosfficient of Thermal Expansion AUL per oGt | 75 01
. Gauss 11,700 12100 12,500 E Thermal Conductivity W (oK) 76
| BT Rl it mT 170 | 1210 | 1280 & |spechc Heat kg K 480
1 H Oersteds | 10,900 11,450 12,000 Curie Temperature, Te = 310
g, Coerchity N
kil a68 B11 055 41,300
E i Flexural Sirength pa
§ " Oerstads | 17,000 i WPz 285
Infrinsic Coarcivity 5
E | kum | 1.353 § E Density i 75
£ on ME0e ] R ] & [Hardness, vickers Hy 820
A, Masd El Frodunt
e P 263 253 anz Electrical Resistuty, ¢ wnr-cm 120
Habec: (1) Cosflicients measured betaean 20 and 120°C
(2) Betwaan 20 and 200 "C 3] Bataaen 20 and 140°C
- o KG Teala
e _lll.laterlal: N35H | Lo 1 *——Pc=BW ——wis 2 ] =I 15 -
1414
—— 12 4
1 —J=wt —|— iz

——
-~ S0 —t ] _._rﬁ,‘_{g .

z
=
B

-]
|
[=]
™
Flux Densi

' /)
|80°G|

N

o o8
2] /] g
4 57 :E
100°C / o
120°C i E
o |— 7/ 3
[150°C

A o

kOe 28 26 24 22 20 18 16 14 12 10 i L} 4 2 a

T T T T T T T
ka/m 230 2070 1210 1750 1580 1430 1275 1115 a5s a5 40 478 0 160 1)
Demagnetizing Field, H
1 kAdm = 12,568 Ce 1 kOe = T.577 kAdm

MNotes The material dats and demagnetization curves shown shove represent typical properties that may wvary due to product shape and size.
Magnats can be supplied thermally stabilized or magnetically calibrated to customer specifications.
Addifionsl grades are aveilable. Pleass contact the factory forinformation.

& Armold Magnatic Technologles Corp.
770 Linden Avenua, Rochastar, NY 14525 E-mail: Infa@arnoiomagnetics com
R 1510212 Bh: {+1) 585-385-3010 wrw rnolomagnetics.com
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Disseny d'un generador d'imants permanents per a una mini-turbina eolica d'eix vertical aillada de xarxa

Annex V. Pauta de calcul iterativa. Maple

|:> restart

|:> restart, with| DhvnamicSystems) - with( plots, rootlocus) - with{ PohmomialTools) - Digits == 10 :
|:> with| Physics) - with{inttrans) :

[> Setup(mathematicalnotation = true) -

# Disseny i dimensionament del generador edlic (PMSG)_aa =1

# En aquest full de calcul és realitzara una pauta d'eleccié de la millor configuracié del generador. Es posaran en valor alguns
parametres constructius i segons la poténcia final obtinguda i diversos valors tants dimensionals com eléctrics, s'escollira la millor
configuracid del generador. En aquest full de calcul s'aplicara connexid en série en tots els conductors (aa=1).

#Primerament, s'han exposat totes les formules que el generador ha de complir i s'han anat iterant, per diferents valorsde E i In,
totes les configuracions possibles. Finalment, s'ha plantejat un petit programa tenint en compte diferents valors d'E i In. Mitjangant la
construccio de diferentes grafigues on s'exposen tant els valors constuctius com eléctrics, s'ha escolit la configuracié més adient
tenint en compte diverses variables. Principalment, aconseguir una poténcia que donés suficient energia com per encedre la
lluminana fent un 0s minim de 'emmagatzematge, que la FEMM no sigues superior al valor de la velocitat, i escollit un
dimensionament de la ranura estdrica que fes viable la cabuda dels conductors.

| > #Dades

[> o= 82834-107%:

[> &= 0945:

|> o= 448610°:

[> lav = 0.1549

[> A= 41000:

|> aa=1:

|> fm = 31073

1> p= 41077

[> 6= 820057-107%:

|> m=3:

[> 0=127:

> g= =

L 7 2-pm

[> De=0249:

|> Lmag= 0.04:

> g=051073"

[> hes = 1.03165:

[> &= 0545:

|> he= 145107

|> b4=2107:

|> 2d= 289721073

> dw = 003748

> Aw = 03358 :

|> Ample = 11082107

| > #Programaiteratiu per escollir el disseny eléctrici constructiu

| > with{ plots) :

|> n=0:i=0:

|> E=30:In=1:

> for Efrom 50 by 10 to 20 do
In=1
for Infrom 1 by 0.1to2do
U="U-P=P"
Sc ="Sc" D¢ =="Dc" n_s:="n_s"
Zt ="Zt" Zr ="Zr" S ="5r" Altura ="Altura"
L:="T"Lm:="Lm" Ly ="Ly" Lz :=="Lz" Lc =="Lc" Ldif =="Ldif" Ldisp = 'Ldisp"

2 f
n_s = round L D80 = I—n:Dc== evalf| 2- | s :
2 mfp ol aa-A Jy @

ns[i] = n_s:
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Disseny d'un generador d'imants permanents per a una mini-turbina eolica d'eix vertical aillada de xarxa

if 0.00090 <0 Dc < 0.00095 then

De = 0.00095:

elif 0.00085 < D¢ < 0.00090 then

Dc = 0.00090:

elif 0.00080 < D¢ < 0.00085 then

Dc = 0.00085:

elif 0.00075 < D¢ < 0.00080 then

Dc = 0.00080:

elif 0.00071 < D¢ < 0.00075 then

De = 0.00075:

elif 0.00063 < D¢ < 0.00071 then

Dc = 0.00071:

else

Dc = 0.00063 :

end if:

e T aa-D* R n_s-plav
4 ' g-Sc

Res[i] =

Deondli] == De

Im= Yo De-Lmag [ nspd ] L_m[i] = Lm

n kes-(g+ fm) P

o sp )2 oy —
Ir— }l'[ 2-m S_Sp] -Lmag-[{}_6+ Amxfinpjg_t]ﬂl

+ ﬁ] :
Z_r[i] = round(Zr) : hrli] == Altura: L_r[i] = Lr:
Z_yli] = 'round(Zr) Chrli] = Altura: L_r[i] = Lr:

2
Ameg- )2 By
w A DAY e L0015
g

2-mnsp ]2_ (1d — 54)2 Lo
[7) Sis (g+tm)td Qo
L ofi] = Lz: L _¢[i] = Le: L_difli] = Ldif"

- uimag-[

Ldisp == Lr + Lz + Lc + Ldif": Ltotal == Ldisp + Lm :

L_disp[i] = Ldisp: Lrot[1] == Lrotal :

EQ0:=E= J (U-cos(qp) + R-In)* + (U-sin(p) + 40 -H-Lromf-fn]z
EQIl = P=3-UlIncos{q):

U= frolvel EQO, UT) : Ufli] :
P = solve(EQI P) : Potli] =
Inom[i] = In:

U
P:
fe=i41:

end do:

if n=0then

g0[n] = pointplot([ [ Inom[0], Pot[0]], [Inom[1], Pot[1]], [Inom[2], Pot[2]]. [Inom[3], Pot[3]]. [Inom[4], Pot[4]], [Inom[5], Pot[5]].
[Inom[6], Pot[6]), [Inom[ 7], Pot[7]], [Inom[8], Pot[8]]. [Inom[ %], Pot[9]], [Inom[10], Pot[10]]], color = blue, symbol = solidcircle,
symbolsize= 20, legend="E =50") :

gl[n] = pointplot([ [ Inom[0], Deond| 0]], [Inom[1], Deond| 1]], [Inom[2], Deond| 2]], [Inom[ 3], Deond| 3]], [Inom[4], Deondl 4]],
[Inem[ 5], Deond| S]], [Inom[ 6], Deond| 6], [Inom[ 7], Deond| 711, [Inom[ 8], Deond| 8]], [ Inom[%], Deond] 3], [Inom[10],
Deond| 10]]], color = blue, symbol = solidcircle, symbolsize= 20, legend ="E =50") :

g2[n] = pointplot([ [ Inom[0], ns[0]], [Inom[1], ns[1]]. [Inom[2], ns[2]], [Inom[3], ns[3]], [Inom[4], ns[4]], [Inom[5], ns[5]].
[Inom[6], ns[6]]. [Inom[T], ns[7]]. [Inom[ 1. ns[8]]. [Imom[ 9], ns[9]], [Inom[10], ns[10]]]. color = blue, symbol = solidcircle,
symbolsize= 20, legend="E =50"

g3[n] = pointplot([ [Inom[0], Z }[ ] [Imom[1), Z_r]
[Inom[6], Z_r[6]], [Tnom[ 7], Z_r{7]]. [Inom[8], Z_r|
symbolsize= 20, legend="E 50") :

g4n] = pomtplot([ [Inom[0]. Fr{0]]. [Inom[1]. Fr[1]]. [Inom([2]. Fr[2]]. [Inom[3]. fr [3]
[Inom(6]. fr[6]). [Inom([7]. hr(7]]. [Inom[8]. r(8]]. [Inom[9]. w([9]]. [Inom[10]. Ar{1
symbolsize= 20, legend="E =50") :

g3[n] = pointplot([ [ Inom[0], Ltot[0]], [Inom[1], Ltot[1]], [Inom[2], Ltot[2]]. [Inom[3], Ltot[3]], [Inom[4], Ltat[4]], [Inom[5],
Ltot[5]), [Inom[6], Ltot[6]], [Inom[ 7], Ltot[ 7], [Inom[ 8], Ltot[8]]. [Inom[9], Ltot[9]], [Inom[10], Ltat[10]]], color = blue, symbal
= solideircle, symbolsize= 20, legend ="E =50") :

1], [Trom[2]. Z_r(2]]. [Inom[3]. Z_r{3]]. [Inom[4]. Z_r{4]]. [Inom[5]. Z_r{5]].
[8]]. [Inom[ 9], Z_r{9]]. [Inom[10], Z_r[10]]], color = blue symbol = solidcircle,

:5-

1. [Drom([4]. fr{4]). [Inom(5]. Ir{5]].
0]]). color = blue, symbol = solidcircle,
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Disseny d'un generador d'imants permanents per a una mini-turbina eolica d'eix vertical aillada de xarxa

elif7=1then

g0[n] = pointplot([ [Inom[11], Pot[11]], [Inom[12], Por[12]], [Inom[13 ], Pot[13]], [Inom[14], Por[14]]. [Inom[15], Pot[15]],
[Inom[16], Pot[16]], [Inom[17], Pot[17]], [Inom[ 18], Pot[18]], [Inom[19], Poi[19]], [Inom[20], Pot[20]], [Inom[21], Potf[21]]],
color = red symbol = solidcircle, ymbolsize= 20, legend ="E =60") :

gl[n] = pointplot([ [Inom[11], Deond[ 11]], [Inom[12], Deona 12]], [Inom[13 ], Deona 13]], [Inom[14], Deondl 14]], [Inom[15],
Deond|15]], [Inom[16], Deond| 16]), [Inom[17 ], Deond] 17]], [Inom[ 18], Deond] 18]], [Inom[19], Deona] 19]], [Inom[20],
Deond 20]], [Inom[21], Deond| 21]]), color = red symbol = solidecircle, symbolsize= 20, legend ="E =60") :

g2[n] = pointplot([ [Inom[11], ns[11]], [Inem[12], ns[12]], [Inem[13], ns[13]], [Tnom[14], ns[14]], [Inom[15] ns[15]], [Inom[16],
ns[16]], [Inom[17], ns[17]]. [Inom[ 18], ns[18]], [Inom[19], ns[19]], [Inom[20], ns[20]], [Inom[21], ns[21]]], color = red symbal
= salideircle, symbolsize = 20, legend ="E =60") :

g3[n] = pointplot( [ [Inom[11], Z_r[11]], [Inom[12], Z_r[12]], [Inom[13], Z_r[13]], [Inom[14], Z_r[14]], [Inem[15], Z_r[15]].
[Imom[16], Z_r{16]]. [Inom[17], Z_r[17]]. [Inom[18]. Z_r[18]], [Inom[19], Z_r[19]], [Inom[20], Z_r[20]], [Imom[21], Z_r[21]]].
color = red symbol = solidcircle, ymbolsize= 20, legend ="E =60") :

gd[n] = pointplot( [ [Inom[11], e[ 11]], [Inem[12], ie[12]], [Inom[13], r[13]], [Tnom[14], Fw[14]], [Inom[15], Fe{15]]. [Inom[16],
Fr[16]], [Inom[17], le[17]]. [Inom[ 18], hr[18]], [Inom[19], ir[19]], [Inom[20], lw[20]], [Tnom[21], lw[21]]], color = red symbal
= salideircle, symbolsize = 20, legend ="E =60") :

g3[n] = pointplot([ [Inom[11], Ltet[11]], [Inom[12], Ltet[12]], [Inom[13 ], Ltet[13]], [Inom[14], Ltot[14]], [Inom[15], Ltot[15]],
[Imom[16], Ltot[16]], [Inom[17], Ltet[17]], [Inom[ 18], Ltot[18]], [Inom[19], Ltat[19]], [Inom[20], Ltot[20]], [Inom[21],
Ltat[21]]]. color = red symbol = solidcircle, symbolsize= 20, legend ="E =60") -

elif 7= 2 then

g0[n] == pointplot( [ [Inom[22], Poi[22]], [Inom[23 ], Pot[23]], [Inom[24 ], Por[24]], [Inom[25], Pot[25
[Inom[27], Pot[27]], [Inom[28 ], Por[28]]. [Inom[29 ], Pot[29]]. [Inom[30], Pot[30]], [Inom[31], Por|
color = brown, simbol = salidcircle, symbolsize= 20, legend ="E =70") :

gl[n] = pointplot( [ [Inom[22], Deond 22 1], [Inom[23 ], Deond| 23], [Inom[24), Deond| 24]), [Inom[25], Deond| 2511, [Inom[26],
Deond| 26]), [Inom[27], Deond|27]), [Inom[ 28], Deond| 28], [Inom[29 ], Deond] 29]), [Inom[30], Deond] 30]], [Inom[31],

. [Inom[26], Pot[26]],
1

]
1[31]]. [Inom[32], Por[ 32]]].

Deond| 31]), [Inom[32], Deond 32]]), color = brown, symbol = solidecircle, symbolsize = 20, legend ="E =70") :

g2[n] = pointplot( [ [Inom[22], ns[22]], [Inom[23 ], ns[23]]. [Inom[24 ], ns[24]]. [Inom[25], ns[25]], [Inom[26], ns[26]], [Inom[27],
ns[27]], [Inom[28 ], ns[28]], [Inom[29 ], ns[29]], [Tnom[30], ns[30]], [Inom[31], ns[31]]. [Inom[32], ns[32]]]. color = brown,
symbol = solideircle, ymbolsize= 20, legend ="E =70") :

g3[n] = pointplot( [ [Inom[22], Z_r[22]], [Inom[23], Z_r[23]]), [Inom[24]), Z_r{24]]. [Inom[25]), Z_r{25]]. [Inom[26]. Z_r[26]],
[Imom[27], Z_r[27]]. [Inom[28]. Z_r[28]], [Inom[29],Z_r{29]]. [Inom[EO] Z r[30]]), [Inom[31], Z_r[31]]. [Inom[32], Z_r{32]]].
color = brown, simbol = salidcircle, symbolsize= 20, legend ="E =70") :

g4 n)] == pointplot( [ [Inom[22], l[22]], [Inom[23 ], l[23]]. [Inom[24], le[24]]. [Inom[25] Hr[25]], [Tnom[26], l[26]], [Inom[27],
[ 27]], [Inom[28 ], Fe[28]], [Inom[29 ], }w[29]], [Tnom[30], le[30]], [Tnom[31], lw[31]]. [Inom[32], lr{32]]]. color = brown,
symbol = solidcircle, symbolsize = 20, legend="E =70") :

g3[n] = pointplot( [ [Inom[22], Ltet[22]], [Inom[23 ], Ltot[23]], [Inom[24 ], Ltot[24]], [Inom[25], Ltot[25]], [Inom[26 ], Ltat[26]],
[Inom[27], Ltat[27]], [Inom[ 28], Ltot[28]], [Inom[29], Ltot[29]], [Inom[30], Ltet[30]], [Inom[31], Ltet[31]], [Inom[32], Ltot[32]]]
. color = brown, symbol = solidecircle, symbolsize = 20, legend ="E =70") :

elif 7= 3 then

g0[n] == pointplot( [ [Inom[33], Pot[33]], [Inom[34], Pot[34]], [Inom[35], Pot[35]]. [Inom[36], Pot[36]], [Inom[37], Pat[37]],
[Inom[38 ], Pot[38]], [Inom[39], Por[39]], [Inom[40], Poi[40]], [Inom[41], Pot[41]], [Inom[42], Poi[42]], [Inom[43], Pot[43]]]
color = coral, symbol = solidcircle, ymbolsize= 20, legend ="E =80") :

gl[n] = pointplot( [ [Inom[33], Deond| 33 1], [Inom[34 ], Deond| 34]), [Inom[35), Deond| 35]), [Inom[36), Deond] 36]], [Inom[37],
Deond37]), [Inom[38], Deond| 38]), [Inom[39], Deond] 3911, [Inom[40], Deond 40]], [Inom[41], Deona41]], [Inom[42 ],
Deond 42]), [Inom[43 ], Deond| 43 1)), color = coral, symbol = salidcircle, symbolsize= 20, legend ="E =80") :

g2[n] = pointplot( [ [Inom[33], ns[33]], [Inom[34 ], ns[34]]. [Inom[35], ns[35]]. [Inom[36], ns[36]], [Inom[37], ns[37]]. [Inom[38],
ns[38]], [Tnom[39] ns[39]]. [Inom[40], ns[40]]. [Inom[41], ns[41]]. [Inom[42], ns[42]], [Inom[43], ns[43]]]. color = coral, symbol
= salidcircle, symbolsize = 20, legend ="E =80") :

g3[n] = pointplot( [ [Inom[33], Z_r[33]], [Inom[34], Z_r[34]]. [Inom[35],
[Imom[38], Z_r[38]]. [Inom[39]. Z_r[39]]. [Inom[40] Z 7 [4 ]] [Inom[
color = coral, symbol = solidcircle, ymbolsize= 20, legend ="E =80") :

g4 n] == pointplot( [ [Inom[33], {33 ]]. [Inom[34], le[34]]. [Inom[35], le[35]]. [Inom[36], hr[36]), [Inom[37], hr[37]]). [Inom[38],
Fr[38]], [Tnom[39], Fr[39]]. [Inom[40], fe[40]]. [Inom[41], le[41]]. [Inom[42], le{42]]), [Inom[43], hr[43]]]. color = coral, symbol
= salidcircle, symbolsize = 20, legend ="E =80") :

g3[n] = pointplot( [ [Inom[33], Ltet[33]], [Inom[34], Ltot[34]], [Inom[35], Ltot[35]]. [Inom[36], Ltot[36]], [Inom[37], Ltat[37]],
[Inom[38 ], Ltot[38]]. [Inom[39], Ltot[39]], [Inom[40], Ltot[40]], [Inom[41], Ltot[41]], [Inom[42], Ltot[42]], [Inom[43],
Ltot[43]]], color = coral, symbol = solidcircle, symbolsize = 20, legend="E =80") :

511 [Imom[36], 6]], [Inom[37],

Z_1r[35 Z 1r[3 Z (37
11.Z_{41]], [Inom[42], Z_r[42]], [ Inom[43]. Z_r{43]]1,

3
V4

elif 7= 4 then

g0[n] == pointplot( [ [Inom[44], Por[44]], [Inom[45 ], Pot[45]]. [Inom[46 ], Pot[46]], [Inom[47], Pot[47]], [Inom[ 48], Pot[48]],
[Inom[49], Poi[49]], [Inom[50], Pot[50]), [Inom[51], Pot[31]], [Inom[32], Pot[52]], [Inom[ 53], Pot[53]], [Inom[54], Potf[54]]].
color = magenta, symbol = solidcircle, ymbolsize= 20, legend ="E =90") :

gl[n] = pointplot( [ [Inom[44], Deond| 44 ], [Inom[45 ], Deond 45 ], [Inom[46 ], Deond| 46, [Inom[47], Deond 47]], [Inom[48],
Deond 48], [Inom[49], Deond 4911, [Inom[30], Deond] 501, [Inom[51], Deond] 5111, [Inom[52], Deond] 52]], [ Inom[ 53],
Deond| 53], [Inom[54), Deond| 54111, color = magenta, symbol = salidcircle, symbolsize= 20, legend ="E =90") :

g2[n] = pointplot( [ [Inom[44], ns[44]], [Inom[45], ns[45]], [Inom[46], ns[46]], [Inom[47], ns[47]], [Inom[48], ns[48]]. [Inom[49],
ns[49]], [Inom[30], ns[30]], [Tnom[51]), ns[51]), [Inom[52], ns[52]), [Inom[ 53], ns[53]), [Inom[54], ns[54]]]. color = magenta,
symbol = solideircle, symbolsize = 20, legend ="E =90") :

g3[n] = pointplot( [ [Inom[44], Z_r[44]]. [Inom[45]. Z_r[45]], [Inom[46], Z_r[46]], [Inom[47], Z_r{47]]. [Inom[ 48], Z_r[48
[Inom[49], Z_r[49]], [Inom[30], Z_r{50]], [Inom[51], Z_r[51]], [Inom[32], Z_r[52]), [Inom[53]), Z_r{53]]. [Inom[34], Z_r[5 ]]]=
color = magenta, symbol = solidcircle, ymbolsize= 20, legend ="E =90") :

g4 n] == pointplot( [ [Inom[44], (44 ]), [Inom[45], w[45]), [Inom[46], lw[46]), [Inom[47], he[47]], [Inom[48], lr[48]]. [Inom[49],
Fr[49]], [Inom[30], e[ 30]], [Tnom[51), e[51]), [Inom[52]), le[52]), [Inom[ 53], he[53]), [Inom[54], hr[54]]). color = magenta,
symbol = solideircle, symbolsize = 20, legend ="E =90") :

g3[n] = pointplot( [ [Inom[44], Ltot[44 ], [Inom[45 ], Ltot[45]], [Inom[46 ], Ltot[46]], [Inom[47], Ltot[47]]. [Inom[48 ], Ltot[48]],
[Inom[49], Ltot[49]], [Inom[30], Ltot[ 50]], [Inom[51], Ltet[51]], [Inom[32], Ltot[52]], [Inom[ 53], Ltot[ 53 ]]. [Tnom[ 34 ],
Ltot[ 54]]], color = magenta, symbol = solidcircle, ssmbolsize= 20, legend ="E =90")
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end if:

if n=0then

go[n]| = pointplot( [ [ Inom[0], Res[0]], [Inom[1], Res[1]], [Inom[2], Res[2]], [Inom[3], Res[3]]. [Inom[4], Res[4]]. [Inom[ 5],
Res[5]]. [Inom[6], Res[6]], [Inom[7], Res[7]], [Inom[8], Res[8]], [Inom[9], Res[2]], [Inom[10], Res[10]]], color = blue, symbal
= solideircle. symbolsize = 20, legend="E =50") :

g7|n] = pomiplot([ [Inom[0]. UF10]]. [Inom[1]. UF11]]. [Inom[2]. UF12]]. [Tnom[3]. UF13]]. [dnom[4]. TFT4]]. [Inom[5]. UfT15]1.
[Inom[6], UF16]]. [Inom[ 7], U1 7]]. [Inom[ 8], UF18]). [Inom[9], L1911, [Inem[10], UF110]]]. color = biue, symbol = solidecircle,
symbolsize= 20, legend="E =50") :

elif 7= 1 then

go[n] = pointplot( [ [Inom[11], Res[11]], [Inom[12], Res[12]], [Inom[13 ], Res[13]]. [Inom[14], Res[14]], [Inom[15], Res[15]].
[Imom[16], Res[16]], [Inom[17], Res[17]]. [Inom[18 ], Res[18]], [Inom[19] Res[19]], [Inom[20], Res[20]], [Inom[21], Res[21]]].
color = red symbol = solideircle, ymbolsize = 20, legend ="E =60") :

g7[n] = pointplot( [ [Inom[11], UT11]], [Inom[12], UfT12]], [Inom[13], U113 ]]. [Inom[14], UFT114]]). [Inem[15], TUFT15]].
[Tnom[16], UF116]1]). [Tnom[17). UFT17]1. [Tnom[18]. UFT181]. [Tnom[19]. U191 [Tnom[20]. TUF120]). [Inem[21]. UF121]]]. color
= red symbol = solidcircle, symbolsize = 20, legend ="E =60") :

elif 7= 2 then

go[n] = pointplot( [ [Inom[221], Res[22]], [Inom[23 ], Res[23]], [Inom[24 ], Res[24]], [Inom[25], Res[25]], [Inom[26], Res[26]],
[Inom[27], Res[27]). [Inom[28]. Res[28]]. [Inom[29], Res[29]]. [Inom[30]. Res[30]], [Inom[31], Res[31]]. [Inom[32], Res[32]]].
color = brown, symbel = solidcircle, symbolsize= 20, legend ="E =T0") :

g7[n] = pointplot( [ [Inom[22], Uf122]], [Inom[23 ], Uf123]]. [Inom[24], Uf124]]. [Inom[25], UF125]). [Inom[26], UF126]].
[Inom[27], UF127]]. [Tnom[ 28], UF128]], [Imom[29], UF129]). [Inom[30]. UF130]]. [Tnom[31], UF131]], [Inem[32], UF]132]]]. color
= brown, symbol = solidcircle, symbolsize= 20, legend ="E =70") :

elif 7= 3 then
gt n]| = pointplot([ [Inom[33], Res[33]], [Inom[34 ], Res[34]], [Inom[35], Res[35]), [Inom[36], Res[36]], [Inom[37]. Res[37]].
[Inom[38 ], Res[38]]. [Inom[39], Res[39]]. [Inom[40], Res[40]]. [Inom[41], Res[41]], [Inom[42], Res[42]], [Inom[43 ], Res[43]]],
color = coral, symbol = salidcircle, symbolsize = 20, legend ="E =80") :
g7[n] = pointplot( [ [Inom[33]. UF133]]. [Inom[34]. Uf134]1]. [Inom[35] Uf135]). [Inom[36]. UF136]]. [Inom[37]. UF137]].
[Imom[38], Uf138]] [Inom[39], UF139]). [Inom[40], UFT40]]. [Inom[41], UfT41]], [Inom[42], UfT42]], [Inom[43], Uf143]1]). colar
= coral, symbol = solideircle. symbolsize = 20, legend ="E =80") -

elif 7= 4 then
g6[n] = pointplot( [ [Inom[44 ], Res[44]]. [Inom[45], Res[45]]. [Inom[46 ], Res[46]], [Inom[47], Res[47]]. [Inom[ 48], Res[48]],
[Inom[49], Res[49]], [Inom[30], Res[30]], [Inom[51], Res[51]]. [Inom[32], Res[52]), [Inom[33], Res[53]], [Inom[54], Res[54]]],
color = magenta, symbol = solidcircle, symbolsize = 20, legend ="E =90") :
g7[n] = pointplot( [ [Inom[44], U144 1], [Inom[45], Uf145]). [Inom[46], Uf146]], [Inom[47], Uf147]]. [Inom[48], UfT48]].
[Inom[49], Uf149]). [Imom[30], UF130]], [Imom[51], UF151]] [Tnom[32]. UF152]). [Inom[33], U133 ]). [Inom[54], UF]54]]]. color
= magenta, sym bol = solidcircle, symbolsize= 20, legend ="E =90") :

end if:

n=n+1:
end do:

GO == plots| display](g0[0]. g0[1], g0[2]. g0[3]. g0[4]. axis = [ gridlines = [ colour = grey. majoriines = 1]). labels
= ["Corrent nominal In [A]", "P [W]"], #itle = "Poténcia respecte la corrent per diferents valors d'E", view = [1.2, 120 350]) :
Gl = plots[display](gl[0], gl[1]. gi[2]. g1[3]. gl[4]. axis = [ gricdllines = [ colowr = grey, majorlines = 1]], labels
= ["Corrent nominal In [A]", "dc [m"2]"], #itle = "Didmetre del conductor respecte la corrent per diferents valors dE" ) :
G2 = plots| display](g2[0]. g2[1]. g2[2]. g2[3]. g2[4]. axis = [ gridlines = [ colour = grey, majorlines = 1]]. labels
= ["Corrent nominal In [A]", "ns " |, fitle = "Nimero d'espires per pol i fase respecte 1a corrent per diferents valors d'E") -
plots| displav](g3[0], g3[1]. g3[2). g3[3]. g3[4]. axis = [ gridlines = [ colowr = grey, majorlines = 1], labels
L

G3 =

= ["Corrent nominal In [A]" "Zr" ], fitle = "Nimero de conductors per ranura respecte la corrent per diferents valors d'E") :
G4 = plots|display](g4[0], g4[ 1], g4[2]. g4[3]. 29[ 4], axiis = | gricllines = [ colowr = grey, majorlines = 1]], labels

= ["Corrent nominal In [A]", "hr [m]" ], title = " Altura de la ranura respecte la corrent per diferents valors d'E") :
G35 == plots|display](g3[0], g5[1], g5[2]. g5[3]. g3[4]. axis = [ gricdlines = [ colowr = grey, majorlines = 1]], labels

= ["Corrent nominal In [A]", "Ltot [H]" ], fitle = "Inductancia total respecte la corrent per diferents valors d'E") :
G6 = plots|display](g6[0], g6[ 1], g6[2]. g6[3]. g6[ 4], axis = [ gridlines = [ colowr = grey, majorlines = 1]], labels
= ["Corrent nominal In [A]", "R[Q]"], title = "Resisténcia de fase respecte la corrent per diferents valors dE") :
G7 = plots[display](g7[0]. g7[1]. g7[2]. g7[3]. g7[4]. axis = [ gridlines = [ colour = grey. majoriines = 1]). labels
= ["Corrent nominal In [A]", "Uf[Q]" ], #itle = "Voltatge de sortida de fase respecte la corrent per diferents valors d'E") :

display(drray(1.2.1.2. [[G0. GI]. [G2. G3]]))
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> display{drrav(l 2,1 2, [[GO, GI], [G2, G3]]))
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(> display(4rrap(1 212, [[G4. GS1.[G6 G7]]))
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Resisténcia de fase respecte la corrent per diferents valors dE
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Per aa=3 el procediment es idéntic amb la modificacié de la resisténcia i la inductancia que es veu

dividida entre 9 i 33 respectivament.
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Altura dela ranura respecte la corrent per diferents valors d'E

Inductancia total respecte la corrent per diferents valors d'E
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Annex VI. Resultats de JMAG.

O

Figura 1. Resultat del generador en JMAG (Font: IMAG)

Machine Constant
Revolution Speed |N, rpm 100
Ld.H 0.03148
Lg.H 0.03031
Ind —
uetance Self Inductance, H 0.02059
Mutual Inductance, H -0.0103
Torgue Constant |Et, Nm/4 13.26
Voltage Constant [Ee, V sirad 1531
Average Teeth Flux Density, T 0.9111
Average Back Yoke Flux Density,
P 0.2348
Magnetic Circuit |T
Average Gap Flux Density, T 0.8743
Magnet Flux Linkage, Wh 0.9002
Electric Part P‘has& CI]I.’IEﬂt{-RM?j}, A 1.553
Wire Cusrent Density, A/m? 3.516e+06
Torgue, Nm 27.75
Efficiency, % 90.07
Fower Power, W 2892
Power Factor 0.9963
Copper Loss, W 2793
Loss Tron Loss, W 142
e e Phaze Voltage(EMS), V 69.42
Electric Cirenit  I72 S tage(RMS), V 1202
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Dimension
Outer Dhameter, mm 275
Al Gap Length, mm 0.5158
Stack Height, mm 40
Number of Slots 7
Tooth Width, mm 17.89
. Outside Diameter, mm 240
mner_stator : B e 130
outer stator 01 :
- - Slot Opening. mm 2
Core Back Width, mm 33.2
Tooth Tang Depth, mm 1
Number of Magnet Poles 24
. Inzide Diameter of Fotor, mm 256.032
iﬂ::;:::'eart;;m;]t‘u;r Outzide Diameter of Fotor, mm 275
- Inzide Diameter of Magnets, mm 2300316
Clearance between Magnets, mm 0.5
. Case Thickness, mm 3
::::g::—:::: *  |End Cap Height, mm 10
- Presence of Fins No Fins
shaft : shaft Shaft Length, mm 65.85
Winding
Connection Type Star Connection
Seriez Number Q
Parallel Mumber 1
Number of Turns B3
. Found Wire
Setting Type Dimension
Wire Diameter, mm 0.73
Film Thickness, mm 0
MNumber of Strands 1
Inzulation Thickness, mm 0
Slot-Fill Factor, %o 37.64
Max Slot-Fill Factor, %% 70
Correction Factor 1
Slot Area, mm-= 1985
Conductor Area, mm? 3755
Phaze Resistance, ohm 3.776
Winding Auto Winding
Number of Layers 2
Coil Pitch 1
Coil Current Density(@1A), A/mm? 2.264
Drive
Mode Voltage( Sin)
Line Voltage{peak), V 178 4
Current Phase, deg 0
Maximum Line Current(peak), A 23

H-Axis

Eevolution Speed, rpm

Lozs Factor, Wk rpm

0
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ppm/E

Mass Property
Total Total Weight, kg — 13.72
Total Volume, mm? 1.739e+06
Coil - Mazs, kg 1.352
Coil - Volume, mm’ 1.509e+05
Stator Stator Core - Mass, kg 0.234
Stator Core - Volume, mm? 1.199e+06
Part Weight{ouvter stator 01) 10.59
Eotor Magnet - Mass_ kg 0.6939
Rotor Magnet - Volume, mm”® 9.252e+04
Rotor FBotor Core - Mass_ kg 2.437
Rotor Core - Volume, mm? 3.164e+05
Part Weight(concentrated rotor) 313
Rotor Magnet, kg m’ 0.01111
Inertia Eotor Core, kg m? 0.043
Total, kg m” 0.05411
Materials
Category Copper
Density, kg/m? 2060
Coil Base Temperature, deg C 20
Temperature Correction Factor, 1810

Stator Core

Category

JSOL - Steel Sheets

Product

50A470

Density, kg.“m3

7700

Category J?GL |
= NdFeB Magnet

Product NdFeB Br=1.2{T)

Base Temperature, deg C 20
Rotor Magnet Temperature Correction Factor,

0K 0.605

Magnetization Pattern Radial

Density, kg/m? 7500

Category JSOL - Steel Sheets
Rotor Core Product 50A470

Density, kg/m’ 1700
Common
Material Iron Loss Correction Factor 1
Properties

UNIVERSITAT POLITECNICA DE CATALUNYA
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Thermal

Ambient, deg C 40
External Case, deg C 2.23
Stator Core Outer, deg C 4256
Stator Core Inner, deg C 43.08
Stator Teeth Bottom, deg C 4338
Stator Teeth Top, deg C 4303
Air Gap, deg C 4356
Botor, deg C 432
Inzide Botor, deg C 43.02
Magnet, deg C 43.11
Wire, deg C 54.77
Inner Air, deg C 4363
Thermal

Ambient, deg C 40
External Case, deg C 73.14
Stator Core Outer, deg C 7345
Stator Core Inner, deg C 7398
Stator Teeth Bottom, deg C 7428
Stator Teeth Top, deg C T4 82
Air Gap, deg C 74.46
Eotor, deg C 74.00
Inside Rotor, deg C 73.91
Magnet, deg C 74
Wire, deg C 85.66
Inner Air, deg C 74.54

Taula 2. Resultats de JMAG (Font: JMAG)

JMAG mostra els mapes per a diferents variables del sistema. Tenint en compte que la maquina
considerada és un generador, els valors valid seran els situats a la part inferior dels grafics mostrats
a continuacio:

Torgue, Nm
Efficiency, %

o] 20 40 60 80 100

Revolution Speed, rpm

Grafica 1. Mapa de rendiment en funcié de la velocitat de rotacié (Font: JMAG)

z B 50— — — 100 =
g ob—o ¢ 2
o o
o . [-%
2 ool -50 /qlno, -250
1 1
0 20 40 60 80 100

Revolution Speed, rpm

Grafica 2. Mapa de potencia nominal en funcié de la velocitat de rotacié (Font: IMAG)
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Grafica 3. Mapa de les pérdues totals en funcio de la velocitat de rotacié (Font: JIMAG)
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Grafica 4. Mapa de les pérdues del coure en funcié de la velocitat de rotacid (Font: JIMAG)
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Grafica 5. Mapa de les pérdues del ferro en funcié de la velocitat de rotacié (Font: JMAG)
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Grafica 6. Mapa del voltatge de linia en funcio de la velocitat de rotacié (Font: JIMAG)
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Power Factor
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Grafica 7. Resultats grafics de les variables de JMAG (Font: JIMAG)
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Annex VII. Planols en 2D de les possibles estructures del
generador
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130 mm

249 mm

256,056 mm

275 mm

AUTORA:

Paula Garcia Monterrubio

Data realitzacio: PLANOL | ANNEX :
05/04/2020

TUTOR:

Ramon Bargallo Perpifia

Data comprovacio:
04/06/2020

I Estructura de ranura rectangular
amb un pas de dent de 17,89 mm
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Titol: Disseny d'un generador d'imants permanents per
a un mini-turbina eolica d'eix vertical aillada de xarxa

Observacions:

ESCALA
1:22




Data realitzacio: PLANOL |ANNEX :

AUTORA: 'PadlyGarcia Montermublo 05/04/2020 Estructura de ranura arrodonida

TUTOR:  Ramon Bargallé Perpifia | Data comprovacié: I famb un pas de dent de 17,89 mm

04/06/2020
UNIVERSITAT PoLITECNICA DE catarunva | Titol: Disseny d'un generador d'imants permanents per
BARCELONATECH a un mini-turbina edlica d'eix vertical aillada de xarxa ESCALA
Escola d'Enginyeria de Barcelona Est 1:22
Observacions:




249 mm

256,056 mm
275 mm
AUTORA: Paula Garcia Monterrubio Datareplitzacis: PLANOL ANNEX :
05/04/2020 III Estructura de ranura rectangular
TUTOR:  Ramon Bargall6 Perpifia Data comprovacié: ambiun; pas de dentideis,5mm
04/06/2020
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AUTORA: Paula Garcia Monterrubio Datarealitzaclo; PLANOL ANNEX :
05/04/2020 AV Estructura de ranura arrodonida
TUTOR:  Ramon Bargall6 Perpifia Data comprovacio: I amb un pas dedentde’5,5'mm
04/06/2020
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Observacions:
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130mm

£

i

249 mm
256,056 mm
275 mm
_ . . Data realitzacio: PLANOL |ANNEX :
AUTORA: Paula Garcia Monterrubio 05/04/2020 Estructura de ranura rectangular
UTOR: Ramon Bargallé Perpifia Data comprovacié: V amb inclinacions i un pas de dent de
04/06/2020 17,83 i
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AUTORA: Paula Garcia Monterrubio

Data realitzacio: PLANOL
05/04/2020

ANNEX :

" ‘ / I Estructura del generador amb
TUTOR:  Ramon Bargall6 Perpifia Data comprovacio: carcassa
04/06/2020
UNIVERSITAT POLITECNICA pE catarunya | Titol: Disseny d'un generador d'imants permanents per
BARCELONATECH a un mini-turbina eolica d'eix vertical aillada de xarxa ESCALA
Escola d'Enginyeria de Barcelona Est 1:22

Observacions:




-

G

%

1 11} 12 Q—@
14

©

i

7 18 19 20 21 2

=
-
=
g
-
==
-

ﬂﬂﬂﬂ

U'J—J‘UJ'

AUTORA: Paula Garcia Monterrubio

TUTOR:  Ramon Bargallo Perpifa
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04 " VII Estructura del bobinat
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Annex VIII. Fitxa técnica de la xapa estatorica. M470-50

isovac’

- FULLY
B PROCESSED

Electrical Steel | Fully processed

isovac 470-50 A

The perfect solution
for direct application

Manufactured in the most modern production  Convincing advantages:
lines, this fully processed isovac® grade exhibits ~ » Best processability through consistent mechan-

highly homogeneous properties across the width ical properties and homogeneous, clean sur-
and length of the entire strip. The result is excellent faces

and consistent processability in the manufacture  » Excellent stackability resulting from high dimen-
of highly efficient electrical components. sional accuracy inrolling direction and perpen-
Upon request, isovac 470-50 A can be supplied dicular to rolling direction (thickness tolerance)
with an electrical steel insulation systemandcan  » Innovative electrical steel insulation systems
be used directly in as-delivered condition. upon request

voestalpine Steel Division VO eStG I p l n e

www.voestalpine.com/isovac ONE STEP AHEAD.
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isovac’

Data sheet isovac 470-50 A | page 2/7 | 01/2018

voestalpine supplies isovac 470-50 A, an electrical steel of the highest quality. We offer you a customer-focused overall

package of products, service and logistics in addition to all the advantages of our integrated metallurgical facility and
Steel Service Centers.

Grade named according to conventional international standards:

Grade named DIN EN 10106

IEC JIs GOST ASTM AlSI 15648 GB/T2521.1
according to isovac® Material No.  Abbreviation 60404-8-4 C2552 21427.2 A677
isovac 470-50 A 1.0812 M470-50A M470-50A 5 50A470 2214 47F280 - 50C470 50W470

Mechanical properties:

Tensile test according to DIN EN [SO 6892-1 and hardness according to DIN EN SO 6507-1 (Typical values);
Test direction: Transverse

Yield strength 0.2 %-Yield strength Tensile Ek Hardness
Grade named eH Roo2 Rn Aso HV5
according to isovac® [MPa] [MPa] [MPa] [%] -]
isovac 470-50 A 330 315 470 33 150

Magnetic properties:
in as-delivered condition (Typical values)

Test direction: Mean value from longitudinal and transverse measurements at 50 Hz (60 Hz), single-sheet test

Specific total loss Magnetic polarization Relative
permeability
1.0T 5 2500 A/m 5000 A/m 10000 A/m L5
P10 P15 J25 J50 J100 He
Grade named 50 Hz 60 Hz 50 Hz 60 Hz
according to isovac® [W/kg] [W/Ib] [W/kg] [W/Ib] m m T [l
isovac 470-50 A 1.70 0.97 3.90 2.22 1.62 1.71 1.82 2100
Physical properties:
Typical values
Density Specific electrical resistance Thermal conductivity
Grade named P Ps A
according to isovac® [g/cm?] [HQem] [W/mK]
isovac 470-50 A 7.76 35.8 33

voestalpine

ONE STEP AHEAD.

UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH

Escola d’Enginyeria de Barcelona Est
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Characteristics P,/J loss curve and characteristics J/H magnetization curve
Test direction: Mean value from longitudinal and transverse measurements at indicated frequencies, single-sheet test
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Characteristics p,/J permeability curve
Test direction: Mean value from longitudinal and transverse measurements at 50 Hz, single-sheet test
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Frequency dependence of magnetic properties
Test direction: Mean value longitudinal and transverse at indicated frequencies and polarizations, single-sheet test

50 Hz 60 Hz 200 Hz
J H P, I J H P, B J H P, B

[mT] [A/m] [W/kg] [ [mT] [A/m] [W/kg] [ [mT] [A/m] W/kg] [

150 50 0.08 2368 150 50 0.10 2367 150 53 0.45 2244
200 56 0.14 2832 200 56 017 2829 200 60 0.75 2640
250 62 0.19 3215 250 62 0.24 3210 250 67 1.07 2955
300 67 0.25 3544 300 68 0.31 3536 300 74 141 3217
350 73 0.32 3836 350 73 0.39 3826 350 81 1.78 3441
400 78 0.39 4106 400 78 0.48 4092 400 87 218 3638
450 82 0.46 4363 450 82 0.57 4345 450 94 2.62 3818
500 86 0.55 4617 500 87 0.68 4594 500 100 3.10 3987
550 90 0.64 4873 550 90 0.79 4843 550 106 3.63 4148
600 93 0.73 5128 600 94 0.91 5091 600 111 4.22 4297
650 96 0.84 5378 650 97 1.04 5332 650 17 4.86 4431
700 99 0.95 5617 700 100 118 5561 700 123 5.57 4545
750 102 1.06 5838 750 103 132 5772 750 129 6.34 4634
800 106 1.19 6034 800 107 1.48 5957 800 136 TENE 4696
850 109 1.31 6198 850 111 1.63 6112 850 143 8.08 4728
900 113 1.44 6329 900 115 1.80 6236 900 151 9.06 4738
1000 123 Tt 6492 1000 124 216 6394 1000 169 11.22 4714
1050 128 1.88 6521 1050 130 2.35 6428 1050 178 1241 4691
1100 135 2.04 6502 1100 136 255 6414 1100 188 13.69 4657
1150 142 221 6423 1150 144 277 6342 1150 198 15.06 4612
1200 152 240 6285 1200 153 3.01 6227 1200 209 16.52 4568
1250 164 2.60 6059 1250 165 3.27 6044 1250 220 18.09 4520
1300 184 281 5625 1300 183 3.54 5638 1300 235 19.80 4393
1350 217 3.04 4941 1350 217 3.84 4953 1350 261 21.69 4123
1400 273 33T 4080 1400 273 417 4088 1400 302 23.82 3688
1450 378 3.61 3049 1450 378 457 3056 1450 388 26,19 2972
1500 634 3.93 1882 1500 634 4.97 1884 1500 631 28.57 1893
1550 1155 421 1068 1550 1156 5.33 1067 1550 1154 30.77 1069
1600 2045 447 622 1600 2046 5.66 622 1600 2054 32.96 620
1650 3363 4.72 390 1650 3358 6.00 391 1650 3377 35.33 389
1700 4993 496 271 1700 4978 6.33 272 1700 5009 37.87 270
1799 9000 548 159 1800 9000 7.05 159 1799 9000 43.27 159
1818 10000 558 145 1820 10000 717 145 1819 10000 4444 145

voestalpine

ONE STEP AHEAD.
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Frequency dependence of magnetic properties
Test direction: Mean value longitudinal and transverse at indicated frequencies and polarizations, single-sheet test

400 Hz ~500 Hz ~ 600 Hz

g H P, [ g H P, I J H P, ™
[mT] [A/m] [W/kg] [ [mT] [A/m] [W/kg] [ [mT] [A/m] [W/kg] [l
100 49 0.40 1631

150 57 115 2084 150 63 206 1905
200 66 1.92 2421 200 72 3.40 2198
250 74 2.73 2679 250 82 483 2417
300 83 3.60 2883 300 92 6.38 2582
350 91 4.55 3047 350 103 810 2706
400 100 5.60 3181 400 108 7.48 2952 400 114 1003 2797
450 109 6.77 3291 450 116 9.27 3082 450 125 1221 2861
500 118 8.08 3383 500 125 1118 3177 500 137 14.68 2903
550 127 9.54 3457 550 135 1331 3230 550 150 17.49 2925
600 136 11.19 3513 600 147 15.71 3247 600 163 20.67 2928
650 146 13.03 3548 650 160 1841 3235 650 178 2428 2912
700 156 15.10 3559 700 174 2143 3202 700 194 28.37 2879
750 168 17.40 3547 750 189 2479 3153 750 211 32.98 2828
800 181 19.97 3512 800 206 28.54 3093 800 230 38.15 2764
850 196 22.81 3456 850 224 3267 3026 850 252 43.93 2688
900 211 25.94 3388 900 242 37.21 2957 900 275 5034 2607
1000 245 33.03 3243 1000 282 47.40 2823 1000 324 65.10 2453
1050 263 37.01 3174 1050 303 53.12 2757 1050 350 73.49 2384
1100 282 41.29 3104 1100 327 59.68 2678 1100 378 82.58 2315
1150 302 45.92 3032 1150 353 67.19 2590 1150 407 92.42 2246
1200 322 5093 2965 1200 377 7429 2532 1200 437 103.07 2186
1250 343 56.38 2904 1250 397 80.62 2508 1250 466 114.59 2135
1300 366 62.26 2824 1300 433 9143 2390 1300 502 126.96 2061
1350 395 68.62 2723 1350 470 103.36 2285 1350 547 140.28 1964
1400 417 7574 2673 1400 495 111.67 2249 1400 574 155.04 1941
1450 452 83.72 2553 1450 555 122.58 2080 1450 586 171,52 1969
1500 646 91.85 1848 1500 696 136.32 1716 1500 738 188.63 1618
1550 1156 99.55 1067 1550 1201 205.52 1027
1600 2062 107.46 618 1600 2072 223.44 614
1650 3388 116.33 388 1650 3389 243.70 387
1700 5017 125.98 270 1700 5028 265.82 269
1799 9000 147.04 159 1795 9000 314.80 159
1819 10000 151.40 145 1809 10000 323.63 144

voestalpine
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Frequency dependence of magnetic properties
Test direction: Mean value longitudinal and transverse at indicated frequencies and polarizations, single-sheet test

700 Hz ~800Hz 1000 Hz
J H P, ™ Jj H P, ™ J H P, e

[mT] [A/m] [W/kg] [ [mT] [A/m] [W/kg] [ [mT] [A/m] W/kg] [l
400 120 1216 2649 400 126 14.73 2529 400 139 20.59 2284
450 131 15.15 2724 450 139 18.40 2579 450 156 25.89 2298
500 144 18.37 2767 500 153 22.39 2601 500 173 31.67 2294
550 158 22.04 2771 550 169 2696 2587 550 193 38.36 2264
600 174 26.23 2744 600 188 3222 2546 600 216 46.10 2215
650 192 31.00 2696 650 208 38.22 2488 650 240 54.98 2153
700 211 36.40 2635 700 230 45.03 2421 700 267 65.08 2084
750 233 42.47 2567 750 254 52.70 2351 750 297 76.49 2012
800 255 49.26 2496 800 279 61.30 2281 800 328 89.30 1939
850 279 56.82 2424 850 306 70.88 2212 850 362 103.58 1868
900 304 65.13 2353 900 334 81.44 2142 900 398 119.43 1799
1000 361 84.02 2206 1000 399 105.54 1993 1000 475 156.17 1674
1050 391 94.81 2136 1050 434 119.29 1923 1050 516 17711 1618
1100 422 106.77 2072 1100 469 134.46 1866 1100 560 200.35 1563
1150 455 119.70 2010 1150 506 150.95 1809 1150 606 22642 1509
1200 490 133.65 1948 1200 545 168.74 1752 1200 653 253.22 1462
1250 527 148.79 1887 1250 586 187.91 1698 1250 699 280.32 1422
1300 565 165.28 1832 1300 628 208.86 1648 1300 757 316.55 1366
1350 611 183.65 1758 1350 679 23248 1581

1400 648 202.71 1719 1400 720 256.48 1546

1450 6671 221.72 1746 1450 732 279.43 1576

1500 782 248.59 1527 1500 830 314.86 1438
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Available Dimensions

Grade named

Delivery form Width Length
according to isovac® [mm] [mm]
Wide strip / Slit strip 19 - 1590 =
isovac 470-50 A
Cut-to-length sheets 300 - 1590 300 - 5000
Deliverable coating systems
Grade named Uncoated C-3 Backlack C-5 C6
according to isovac®

isovac 470-50 A

Available On request

The information and product properties contained in this printed material are non-binding and serve the sole purpose of technical orientation. They do not replace individual advisory services provided
by our sales and customer service teams. The product information and characteristics set forth herein shall not be considered as guaranteed properties unless explicitly stipulated in @ separate

For this reason, ine shall not grant any warranty nor be held liable for properties and/or specifications other than those subject to explicit agreement. This also applies
to the suitability and applicability of products for certain applications as well as to the further processing of materials into final products. All application risks and suitability risks shall be borne by the

customer. The General Terms of Sale for Goods and Services of the voestalpine Steel Division shall apply to all materials supplied by the voestalpine Steel Division and can be accessed using the following link:
www.oestalpine.com/stahl/en/The-Steel-Division/General-Terms-of-Sale

Technical changes are reserved. Errors and misprints pted. No part of this

may be reprinted without explicit written permission by voestalpine Stahl GmbH.

Please find further information
and downloadable files at

voestalpine Stahl GmbH
voestalpine-StraBe 3
4020 Linz, Austria

T. +43/50304/15-8018

produktmanagement@voestalpine.com VoeStO I p I n e

www.voestalpine.com/isovac ONE STEP AHEAD.
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Annex IX. Codis del llenguatge LUA

Annex IX.l Introduccié del bobinat de doble capa

--1.AUTOMATITZACIO DEL DEBANAT DE DOBLE CAPA
pi=3.1415926;
Rr=125.0158;--Radi intern del rotor
Re=124.5;--Radi extern de l'estator
Q=27;--Numero de ranures estatoriques
g=0.5158;--Dimensions de l'entreferro
N=85;--Numero de bobines per ranura
-- Definicié dels circuits_ KOIL
-- Slot matrix of phase Ll: 27 elements.
knt=4{2, -2, 1, 0, 0, 0, 0, O, -2, 2, -2, 1, 0, O, O, O, O, -1, 2, -
2,1, 0, 0, 0, O, 0, -1}
-- Slot matrix of phase L2: 27 elements.
kL2 =4{0,60, -1, 2, -2, 1, 0, 0, 0, O, O, -1, 2, -2, 1, 0, O, O, O,
o, -1, 2, -2, 1, 0, 0, 0O}
-- Slot matrix of phase L3: 27 elements.
kL3 = {0, 0, 0, 0, O, -1, 2, -2, 1, 0, O, O, O, O, -1, 2, -2, 1, O,
o, 0, 0, 0, -1, 2, -2, 1}
--Blockname
blockname="Coure";
R=113;
--Angle entre ranures
angle=(2*pi/Q);
-- Es té en compte que la ranura no s'ha dibuixat centrada a 0 graus
-- E1 debanat es de doble capa per aquest motiu es distribuira dos
--'blocklabels' en la ranura.
beta=6.378;
betal=6.418;
for a=1,Q,1 do

x=R*cos ((a-1) *angle+beta) ;

y=R*sin ((a-1) *angle+beta) ;

x1=R*cos((a-1)*angle+betal) ;

yl=R*sin((a-1) *angle+betal) ;

mi_addblocklabel (x,y) ;

mi_addblocklabel (x1,y1l) ;
if ((k_Ll[al==2)or(k Ll[a]==-2))then

k=k Ll[al/2;
circuit="A";

mi_selectlabel (x,y) ;

mi_setblockprop (blockname,0,1,circuit, 0,0, k*N)
mi_clearselected() ;

mi_selectlabel (x1,y1l);

mi_setblockprop (blockname,0,1,circuit, 0,0, k*N)
mi_clearselected() ;

else if ((k_L2[al==2)or(k L2[a]==-2))then
k=k L2[al/2;

circuit="B";

mi_selectlabel (x,y) ;
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mi_setblockprop (blockname,0,1,circuit,0,0,k*N)
mi_clearselected() ;

mi_selectlabel (x1,yl);

mi_setblockprop (blockname,0,1,circuit,0,0,k*N)
mi_clearselected() ;

else if ((k _L3[al==2)or(k L3[a]==-2))then
k=k L3[al/2;
circuit="C";

mi_selectlabel (x,y) ;

mi_setblockprop (blockname,0,1,circuit,0,0,k*N)
mi_clearselected() ;

mi_selectlabel (x1,yl);

mi_setblockprop (blockname,0,1,circuit,0,0,k*N)
mi_clearselected() ;

else if((k _Ll[a]l==1)and(k L2[a]==-1))then
k=k Ll[al;
circuit="A";
mi_selectlabel (x,y) ;
mi_setblockprop (blockname,0,1,circuit,0,0,k*N)
mi_clearselected() ;
k=k L2[al;
circuit="RB";
mi_selectlabel (x1,vy1);
mi_setblockprop (blockname,0,1,circuit,0,0,k*N)
mi_clearselected() ;

else if((k _L2[a]==1)and(k L3[a]==-1))then
k=k L2[a];
circuit="R";
mi_selectlabel (x,y) ;
mi_setblockprop (blockname,0,1,circuit,0,0,k*N)
mi_clearselected() ;
k=k L3[a];
circuit="C";
mi_selectlabel (x1,yl);
mi_setblockprop (blockname,0,1,circuit,0,0,k*N)
mi_clearselected() ;
else if((k Ll[a]l==-1)and(k _L3[a]l==1))then
k=k Ll[a];
circuit="A";
mi_selectlabel (x1,yl);
mi_setblockprop (blockname,0,1,circuit,0,0,k*N)
mi_clearselected();
k=k L3[al;
circuit="C";
mi_selectlabel (x,y)
mi_setblockprop (blockname,0,1,circuit,0,0,k*N)
mi_clearselected() ;
end
end
end
end
end
end
end
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Annex IX.lIl Determinacio del flux en funcio de la posicid rotorica

==2.ANALISI EN BUIT-—-——— === o oo o o e
--2.1 Determinacié dels fluxos-—---—--—————————— - ———————

--Dades

Q=27;

p=12;

m=3;

anglemec=360/p;
numpoints=72;

step=6;

mi_saveas ("tempPMSGIl.fem") ;
--Obrir fitxer

handle=openfile ("fluxbuitPMSG.txt",6"a

write (handle, "posicio ", "FluxA
closefile (handle) ;
alfa=0;

for n=1,numpoints,l do
mi_analyze (1) ;
mi_loadsolution() ;

handle=openfile ("fluxbuitPMSG.txt",
--Llegeix els valors de cada circuit:

")
", "FluxB

Han) :

ia,va,fa=mo_getcircuitproperties ("A") ;
ib,vb,fb=mo_getcircuitproperties ("B") ;
ic,vc,fc=mo_getcircuitproperties ("C");

--Posicib
pos=(n-1) *step;

--Escriu els resultats en un fitxer

write (handle,pos," ",fa,"” ",fb," "
closefile (handle) ;
print(pos," ",fa," ll,fb,ll ll,fc) ;

mo_close() ;
--Gira el rotor a la nova posicié
mi_seteditmode ("group") ;
mi_selectgroup (20) ;
mi_moverotate (0,0, step) ;

end
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Annex IX.1Il Parell de Cogging

-=2 .ANALISI EN BUIT-----=---=———————————mmem
--2.2 Parell de Cogging------—-—-—-—-—-—-————=—=—-—=
--Dades inicials
Q=27;
p=12;
MCD=3;
Np=2*p/MCD;
Tcogging=360/ (Np*Q) ;
numpoints=900;
step=0.1388;
--Obrir fitxer
mi_saveas ("templPMSG.fem") ;
handle=openfile ("coggingPMSG.txt" , "a") ;
write (handle, "posicio ","Mcog ","\n");
closefile (handle) ;
alfa=0;
--Bucle
for n=1, numpoints,l do
--Calcula
mi_analyze (1) ;
mi_loadsolution() ;
handle=openfile ("coggingPMSG.txt" , "a") ;
--Calcul parell de cogging
mo_groupselectblock (20) ;
mo_groupselectblock (15) ;
Mcog=mo_blockintegral (22)
mo_clearblock() ;
--Posiciéd
pos=(n-1) *step;
--Escriu els reultats en un fitxer
write (handle,pos,”" ",Mcog,"\n") ;
closefile (handle) ;
print(pos," " ,Mcog) ;
mo_close() ;
--Gira el rotor a la nova posicio
mi_seteditmode ("group") ;
mi_selectgroup (20) ;
mi_moverotate (0,0, step)
end
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Annex IX.IV Determinacio del parell en funcié de la posicio rotorica

--3.ANALISI EN CARREGA-----——-=-———=-————————o———
--3.1 Parell --————--—————mmm e
--Nombre de punts

Q=27;

p=24; --Pols

pp=p/2;

numpoints=50;

step=1; -- Girem 2 graus a cada iteracid.
mi_saveas ("tempPMSG. fem") ;

handle=openfile ("ManglePMSG.txt", "a") ;

write (handle,"posicio ","Mangle ","\n");
closefile (handle) ;
alfa=0;

for n=1, numpoints, step do
mi_analyze (1) ;
mi_loadsolution() ;
handle=openfile ("ManglePMSG.txt","a") ;
mo_groupselectblock (20) ;
mo_groupselectblock (15) ;
Mangle = mo_blockintegral (22) ;
mo_clearblock() ;
pos = (n-1)*step;
write (handle,pos," ",Mangle,"\n");
closefile (handle) ;
print(pos," " ,Mangle) ;
mo_close () ;
--gira el rotor a la nova posiciéd
mi_seteditmode ("group") ;
mi_selectgroup (20) ;
mi_moverotate (0,0, step) ;

end
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Annex IX.V Determinacio del parell girant

==ANALISI EN CARREGA--——— === == o o o e o

--3.2 Parell girant

--nombre de punts

numpoints=900;

step=0.1388;

--obrir fitxer fitxer amb les dades

mi_saveas ("tempPMSGl.fem") ;

handle=openfile("parellgirantPMSG.txt",6 "a") ;

write (handle,"posicio ","Mgirant ","FluxA ","FluxB

", "Ib ","Ic ","\n");

closefile (handle) ;

Imax=2.3;

p=12;

pi=3.14159;

--bucle

for n=1, numpoints,l do
--calcula
pos=(n-1) *step
angle=pos*pi/180;
Ta=Imax*cos (p*angle) ;
Ib=Imax*cos (p*angle-2*pi/3) ;
Ic=Imax*cos (p*angle+2*pi/3) ;
mi_modifycircprop("A",1,Ia);
mi_modifycircprop("B",1,1Ib);
mi_modifycircprop("C",1,Ic);
mi_analyze (1) ;
mi_loadsolution() ;
handle=openfile ("parellgirantPMSG.txt","a") ;
--calcul parell
mo_groupselectblock (20) ;
mo_groupselectblock (15) ;
Mgirant=mo_blockintegral (22)
mo_clearblock() ;
--mesurem el flux
ia,va,fa=mo_getcircuitproperties ("A");
ib,vb, fb=mo_getcircuitproperties ("B")
ic,vc,fc=mo_getcircuitproperties ("C");
--posicio
--escriu les dades al fitxer

", "FluxC

write (handle,pos," " ,Mgirant," ",fa," ",fb," ",fc," "
",ib," ",ic,"\n");

closefile (handle) ;

print(pos," " ,Mgirant) ;

mo_close() ;

--gira el rotor a la nova posicio
mi_seteditmode ("group") ;
mi_selectgroup (20) ;

mi_moverotate (0,0,step) ;
end
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Annex IX.VI Determinacio de les inductancies

--CALCUL ENERGIA EMMAGATZEMADA (Calcul inductancies Ld i Lq)
p=12;
periode=360/p;
step=10;
mi_saveas ("temp inductanciesPMSGIl.fem") ;
handle=openfile ("Energia Entreferro PMSG.txt", "a");
write (handle, "posicio ", "Energia ", "\n");
closefile (handle) ;
for posicio=0, 360, step do
mi_analyze() ;
mi_loadsolution() ;
handle=openfile ("Energia Entreferro PMSG.txt","a");
--Calcular
mo_groupselectblock (15) ;
mo_groupselectblock (40) ;
mo_groupselectblock (12) ;
mo_groupselectblock (20) ;
--mo_groupselectblock (50) ;
--mo_groupselectblock (60) ;
--mo_groupselectblock (70) ;
--Energia emmagatzemada
Energia=mo_blockintegral (2) ;
--Escriu els resultats en un fitxer

write (handle,posicio,"” ",Energia, "\n");
closefile (handle) ;
print (posicio," " ,Energia) ;

mo_close() ;
--gira el rotor a la nova posiciéd
mi_seteditmode ("group") ;
mi_selectgroup (20) ;
mi_moverotate (0,0, step) ;

end
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Annex IX.VII Determinacio de les perdues Joule

--Pérdues joule (Pj)---—-—————————————————— -
--Dades inicials

numpoints=120;

step=1;

mi_saveas ("temp perduesPMSG.fem") ;

--obrir fitxer

handle=openfile ("perduesPMSG.txt","a") ;

write (handle,"posicio ", "Mgirant ","Rlosses ","Totallosses

","FluXB ","FIUXC ”,"Ia ","Ib ","IC vv’vv\nu);

closefile (handle) ;

Imax=2.3

p=12;

pi=3.14159;

alfa=0;

--bucle

for n=1,numpoints,l do
pos=(n-1) *step;
angle=pos*pi/180;
Ia=Imax*cos (p*angle) ;
Ib=Imax*cos (p*angle-2*pi/3) ;
Ic=Imax*cos (p*angle+2*pi/3) ;
mi_modifycircprop ("A",1,1Ia);
mi_modifycircprop ("B",1,1Ib) ;
mi_modifycircprop ("C",1,Ic)
mi_analyze (1)
mi_loadsolution() ;
handle=openfile ("perduesPMSG.txt","a") ;
--Calcul parell
mo_groupselectblock (15) ;
mo_groupselectblock (20) ;
Mgirant=mo_blockintegral (22) ;
mo_clearblock () ;
mo_groupselectblock (50) ;
mo_groupselectblock (60) ;
mo_groupselectblock (70) ;
Rlosses=mo_blockintegral (4) ;
mo_clearblock() ;
mo_groupselectblock (110) ;
Totallosses=mo_blockintegral (¢) ;
mo_clearblock () ;
--mesurem el flux
ia,va,fa=mo_getcircuitproperties ("A") ;
ib,vb, fb=mo_getcircuitproperties ("B") ;
ic,vc, fc=mo_getcircuitproperties ("C") ;

--Escriu els resultats en un fitxer

write (handle,pos," ",Mgirant," ",Rlosses," ",Totallosses,"
", fc,"” ",dia," ",ib," ",ic,"\n");

closefile (handle) ;

print(pos," " ,Mgirant) ;

print(pos," " ,Rlosses);

print(pos," ",Ironlosses);

mo_close() ;
--gira el rotor a la nova posicié
mi_seteditmode ("group") ;
mi_selectgroup (20) ;
mi_moverotate (0,0,step);

end
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Annex IX.VIl Determinacio de les péerdues al ferro

--Perdues al ferro (Pfe)

mi_analyze (1) ;

mi_loadsolution() ;

showconsole () ;--Per obtenir la consola de LUA
--Desactiva el suavitzat de dades

mo_smooth ("off")

-- Numero total d'elements

numelm = mo numelements ()

-- DADES DEL GENERADOR

freg=20
depth=0.040
-- Inicialitzacié de les perdues

Pfe=

0

--Coefficients de Bertotti M470-50 a 20z

Kc=0.5428

Kh=36.9764

Ka=146.0213

-- Bucle de calcul de las perdues del fero mitjangant
-- la suma de les peérdues de cada elemento del grupo

end
end
--Inicialitzacié de les peérdues
Pfr=0
—————————————————————— FERRO ROTOR-—=-—=—=—=—=—=————————— =
for k=1,numelm do

end

—————————————————— FERRO ESTATOR--—---—=-—==——==—=———————————

k=1,numelm do
--pl, p2 i p3: poténcial magnetic en els vertex
--x,y: coordenadres del centroide
--a: area de l'element
--g:grup de l'element
--L'estator esta assignat al grup 110
pl,p2,p3,x,y,a,9=mo_getelement (k)
if (g == 110) then
-- Volum de l'element
dv = depth*a*mm”2;
-- Propietats de l'element en el centroide
a,bx,by,Sig,E, hx, hy = mo_getpointvalues (x,y)
-- Calcul del médul de B
Bxmod=abs (bx)
Bymod=abs (by)
Bmod=sqgrt (Bxmod”2+Bymod”"2)

-- PERDUES MAGNETIQUES ESTATORIQES (Pfe estator) (model de Bertotti)
Pfe=Pfe+ (Kh*freg*Bmod”2+Kc*freg”2*Bmod”*2+Ka*sqgrt (fregq”3*Bmod”3) ) *dv

pl,p2,p3,x,y,a,9=mo_getelement (k)
if (g == 15) then
-- Volum de l'element
dv = depth*a*mm”"2
-- Propietats de l'element en el centroide
a,bx,by,Sig,E, hx,hy = mo_getpointvalues(x,y)
-- Calcul del médul de B
Bxmod=abs (bx)
Bymod=abs (by)
Bmod=sqgrt (Bxmod”2+Bymod”"2) ;

-- PERDUES MAGNETIQUES ROTORIQUES (Pfe estator) (model de Bertotti)
Pfr=Pfr+ (Kh*freq*Bmod”2+Kc*freg”2*Bmod”*2+Ka*sqgrt (fregq”3*Bmod”3) ) *dv

end

print ("Perdues ferro de l'estator:",Pfe)
print ("Perdues ferro del rotor:",Pfr)

O
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