Pauta de calcul de motors sincron amb
iImants permanents.

Poténcia nominal P, :=3500 W
Velocitat nominal N 25250 rpm
. P2
Parell nominal M, = N M, = 133.69 Nm
2.t ——
60
Parells de pols p =12
NN
Freqiiéncia fo i=p-—
S 60 fS =50 Hz
Rendiment mn :=0.90
Nombre de fases m:=3
MW
Factor de poténcia nominal cofi,, ==0.8
Entrada per rectificador trifasic Upeg 1=400 V
. Umnax =2 U eq U
Tensié de fase (Mms) max
2-U
U= U = 254.648 U,:=230 V
V2
P2
Corrent nominal I = l,=7045 A

" m-Um-cofi

Qn ::2-7\'-fS

= 565.685



TYPICAL PROTOTYPE WAVEFORMS
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Ki relacié entre valor maxim del corrent i el seu valor eficag
Ke relacié entre valor maxim i eficac de la tensié
Kp coeficient de forma de la poténcia

Depenen de la forma d'ona del corrent, fem i el seu producte.

Ke =2 Kj ==y K, :=05

p
Relaci6 Longitud/Diam etre:
-2
TP 3
=7 K| =03

Capa de corrent (750.....35000 A/m)

A
Ag:=18000 =

m
imant B, =117 T
Hc -=860000 —
m
g™ H
A= To000000 m
By
u -=
r Mo He M, = 1.083
H0125 -=350000
Induccio en I'entreferro (aproximacio) B, 1=0.75.B, B, = 0.877

3 P,
De == |2-p:
ﬂ-.m.AS. Ke'Ki'Kp'Kl'n'Be'fs
De=0347 m dg 1=1000-Dg

de = 347.166 mm

D6, 70425 m
2:pPy
L-=
" 2
n'm'Kp'Ke'Be'fs'De .Ki.As.ﬂ-
L = 0.069 m

L:=0.070 m
M

Deje :=0.080 m



Induccié maxima a I'entreferro

Bnax:=2 T

Ponts al ferro (x, y, y.2)

X =2 mm
Inducci6 a I'entreferro

Tipo ¢)

bm =30 mm

X=2
D :=1000-D, Dg = 0425
Ke 1=1.21
gg =1 U, = 1.083 9 ::Kc'gg D =425
hm =10 X=2 ur:l.083
. 76
Factor de recubriment polar o i=—
90 p =12
2X
(Br - Bmax'b_]
B o= m
ANABAT T -
. Hy . anD Be = 0.532
o
h 2p-b
m m T
Debanat
e __Q _
Q:=72 ranures q:= qg=1
2-p-m
4 A
Nombre total de conductors AS =1.8x 10 —
m
A
S
Zt _:ﬂ.De._

| Z, = 3411x 10°
n



Nombre de conductors per ranura

Zy
Z 1=— Z.=47.38
Q
Z -=48 Z
AW =7
At =4 Q Z, = 3456 x 10° Np z=—o
2-m
Az, A, = 1824 x 10* N¢ = 576
ABAT Tt 7Dg ST f
I, =7.045
Secci6 conductorsr:
. A
Densidat de corrent A =6 —
I I-lel mm2
Fils en paral-le aa -=5 —
I, =7.045
- — In d -— 4 i
C " aaA cl x de = 0547 mm
2
d. -=0.95 L _ . aad,
v Ggg :=0g +0.053 gy =1003  Spi=m—
I S.=3544 mm>
Areal -5 A =108 -2 ¢
Se real = + )
mm
2
_ __aa-4Z dea
Socupadaambaillament -~~~ <r ™", Socupadaambaillament = 241442
o°
S Imaa Zm— _ 2
ocupada rey Socupada = 170117 mm
Secci6 ranura: Sy 1=449.2 mm2
Factor d'ocupacio (maxim 0.4)
S
F, :=—cupada F,=0379  OK
Sy
S -
__ “ocupadaambaillament B
Fo, = S Fo = 0.537
"
Dimensionat dels imants
Factor de dispersio L
op :=12 (1.2.....1.5)
corrent maxim en pu
K. 2=3 (2...6)



Factor de utilizacio del imant

£ =06 (0.5....0.81)

Factor de recubriment polar:

12
QI=— (0.6....0.85) a=0.8
MV 15
Factor de reacci6
4
Kf == SIn(OLE)
s 2
1
Ky :=— _
ad "y Kaq = 0.826

DIMENSIONAT DELS IMANTS 3,7 =50
s
Cy:= C,=1181 (05.......2)
€m
Volum del imant
P2
n
V., :=C,————
m Vv -
fsBrHe V= 9.129x 107 ° m’
\Y; -=v_.10° 4 3
mm3 -~ *m Vinma = 9129 x 10 mm
Volum per pol
\Y;
SmLm := mms3 3 3
2:p SmLm = 3.804 x 10 mm
Desmagnetizacio Ky = 3
Imax ==Km' V2 Imax = 29-89 .
Factor de debanat
kyy 1=0.95
D =425 mm
I
max A 3
A . =7, A, =77367 — Z. = 3.456 x 10
max D max mm t
D
I=me— T, =55.632 mm

T p



-
. p : 3
FMMgesmag *=A FMMgesmag = 2152 x 10 A

max'?
Altura minima del imant: L FMMgesmag
MFMMdesmag ’HchS) TR
c125
H 35x 10° 2
= 0.0X —
cl25 m
_ -3
hin (FMMgesmag He125) = 6149 x 10
S'escull: 'mag :=0.010 m
Longitud. Els imants poden tenir una longitud diferent.
L ==0.070 m L=0.07
kl :=1.0 Lfe =007
L =Ky Lge Ly, = 0.07
mDe=1335 m
pas polar
De = 0.425
De
Apar =T T, = 0.056 m
Ample maxim del imant
bp 1=y bp = 0.045 m
D, - Dg;
s : __( e eje)
Altura maxima del imant Hmax .—f
Altura del imant Hmax = 0-172
Vim
R = 1000-b,y, = 5.434 mm
2:plag tm
:=30 o —
Re At;m_—looo-lmag hy, = 10
2X
B, -B — D =425
r ma -
__( X bm] ge =121
B = " S
o + = B, = 0.56 T
hn  2p-bpy

Constant de parell
Condueixen 2 fases a la vegada!

M = 133.69 Nm



Kw

ki :=2Z;Dg-Lge'B

¢ 2m
ke=18217  Nm
A Iy\/2 = 9.963
M :=k+21,, M =181.496
ke 2=kt
ke = 18.217 rad
S
Atenci6 és la f Ii 2E
tencio és la fem de linea (2E) Np = 250

N

N
Enl i=ke2m—  Ep = 476908 V

maxim permeés: Upmnax = 565.685

Inductancia principal

B :=(c)-
. (B - sin(B)) _
kq = - kq =0.613
2
)|
ky:= — -k
B b T q
— 4+ p-Q~- Uy —
5 P-Oc My h D
£:
Z
t
Ng i=—
ST 2m
2
L __(3) " (Ns'kw] D-Lfe
Lo 2=l = 'Ho: .
™ p Ksat 9¢
Lmq ::Lm-kq
Lmd ::Lm-kd
Longitud mitja d'una espira:
lay *=2L¢ + 2.3-~rp + 0. Iy = 0.268
2.3-Tp =0.128

2:Lg, = 0.14

A5 ) 5

E,=204177 V

n
_ Mein :=3-E———
fg =50 sin n Ny
2. ——
60
Mg, = 164.833
£ L EnL
nBDC - 2
OK
B =2513 rad
b., =30
D =425 m _
gc =121
kg =0.229
*a
kd £=2674
ksat =1
Ly, = 0.061 H
Lmq =0.038 H
Ling = 0.014 H
m K v ki = 1.914
long -~ long — *+
g 2:Lg g



Inductancia de dispersio

hll :=35.5
h12 =0
h13 =15
h14 =25
bll :=12.2
b12 :=7.1
b14 =41

Inductancia de dispersié diferencial

Qe - —

p-2T
us 0

1

=12
Q
sin{(l + 2-k-m)-q- us}

g+ )

oy = 1.047

sin[(l +2.km)-Z|. 2
2 Qs
300 g-sin (1 + 2-k-m)-7
ksq ==
81 Z (1 +2-km)-ky
k=1"% _
- o -2
sin{(l + 2-k-m)-q-%}
sin[(l +2.km)Z |
2 Qs
—-300 g-sin (1 + 2-k-m)-7
k i=
812 Z (L +2-km)-k,,
k=-1L i

O5s *=Ks1 * K512

Lss *=08s'Ltm

Inductancia de dispersié de ranura

& =1~ Escurcat e=0

o5 = 0.107

_ -3
Lss = 6.556 x 10

E 1

scurcat -~



by (4 -3 - () - 1]

ti=— kl =3 kl =0.968

b1p 2 .Y

4.\t -1)-(t-12)
2
hq1-k h b h
Ays 1=0.1424 + 1171 + 12 + 0.5-asin |1 - 1 + 14 . = 2843

__4m 2 — H

Lys :=—Hg Lfe'Ng Nys L,s = 0.014
Q

Inductancia de cap de dent (zig-zag)

3
kKo =1 — —-¢ ko =1
2 4 2
g
5.b_C
14
)\ds :=k2
%
5+ 4—
b14

__4m 2
Lods -‘E'“O'Lfe'xds'Ns

inductancia de cap de debanat

Ngs = 0239

Lgs = 1161 x 10

3

av
Iew -=0.020 m IW .=7 -
Wew 2=l = 2lew Wew
Factors de permeabilitat
New =05 Ay 1=0.2
N 2low Mew + Wew Aw

WS - |
W

ly=0064  m

A\ys = 0388



4m 2 -3
Livs ::E-q-NS ‘Mo hw Aws Lyys = 1.723 x 10 H
Inductancia total de dispersio
Lso *=Lss * Lus * Lods * Lws Lgo = 0.023 H
Inductancia total
Ld *=tmd * Lso Ly=0037 H
Lgq *=Lmq * Lso Lq=0061 H
Ecorr -5 =1.631
Ly Ecorr
________________________________________________________________ .
Resisténcia per fase
Longitud d'una espira: Iy = 0.268 m
Conductividad del coure a 100°C ( Q =80 K)
© :=80 -=57.10° -=381.10"°
-= O'CUZOC :=57-10 OLCU :=3.81-10
Scu20C
ooy IT————— ooy = 4368 x 107 S/m
1+ @()Lcu
resisténcia per fase Ng =576 Sc = 3.544
6
Ne-lo, 10
slav
R = Rg=0.997 W
ocuSe
Pérdues per efecte Joule en CN:
uesp “ I, = 7.045
o 2
I:’joule :=3-Rg 1y
Pjoule = 148436 W
Pérdues en el ferro, aproximacio 1
Pfe :(gj'Pjoule
Pérdues totals: Ptotales ~=Pjoule * Pfe
______________________________________________________________ .
Escalfament
D =580 mm

Superficie de ventilaci6 aproximada: outs -

Carcassa gruix de carcassa car =30



Iew =0.02 Dlametre exterior: D, :=D
L ::Lf + 21
car ] ew =
Legr = 011 D = 640
L,
car 2
S, :=-D, —— S,, =0.221 m
v % 1000 v

Convecci6 natural

deltaT :=265.2 4

’ 1000deltaT
D =425 kv :=1.32- T kv - 6597
6 L Ptotales
max ky Sy Omax = 135.639  °C
Convecci6 forzada
\"
v:=l — m::3.89- o
S Lcar
k, = 11.729

0 L Ptotales
Y kySy Omax = 76.296 °C

outs * 2" 9car

Amb una carcassa amb aletes, la superficie de ventilacio facilmente es duplica:

R =25y
0 L Ptotales
i=
ky Sy

Relacié de inductancies

llegeix els resultats del fitxer;

S, = 0442



X -=
M

...\resultEnergy4p.txt

Energia
5
= ()4
3
0 10 20 30
0201
Angle,graus
Valors maxim i minim i -:max[(x)@]
max Eqnax = 5-101
PR
E i ::mm[(x) ] _
min Epmin = 2.912
L Emax
€calc = E .
min €calc = 1.752
1pi=7.045
L = Emax
qealc - 212 Lgcalc = 0069
n
E R
min
L 1=2.——
dcalc o 5 Lgcale = 0.039
n
Caracteristica M(N) i P(N) de la maguina
m.:=3 Ly = 0.037 wy, 1=2-70f
Ipv\::lz _
Lq = 0.061 ¢ =10
PN :i AIIW\:ZZ
wp Lq
X =0.65 £i=—
Ly

M g) ==m)-p X 1g + (L - Lg) g

L =10.07

¢ =1631



f) :=2n-f
o (g 1) ) 22

230-f
Vol(f) ::if(f <50, ‘zg ,230)

f
N(f) :=60-—
p
Parell i Velocitat qualsevol
Volem un parell de: M, =150 N
a
: : N, :=250 fi=p-—
. a
i una velocitat de: w 60 f =50
E, =204.177 V w(f) :=2mf
_ 230-f
lg:=-4 Ig:=1 1=l MR '_'f(f<50’ 50 ’230}
= f) = 314.1
Dado Vol(f) =230  w(f) = 314.159
2 . 2_.2
Id + |q = |a

2
(>\ + Ld"d)z + (Lq-lq)2 = (\i:)(lf()f)j
(m)-pXlg + Ly - LgMarlg] = Ma

AIIdA |
- [ d -0.664
Ao | 2=Find(ig lg o1a)
~ar | 6.296
a
Caracteristica sencera.
Corrent de curtcircuit:
L o= N Com es major que In la velocitat
pk '_fd ok = 17.41  maxima és (si fos menor la velocitat
maxima, en teoria, és infinta):
f, =10
15,2516 __ Vol(in)
max - Lyl = 873.71
Vol (f,) = 46 n Ymax = €12
“max
ly-=-.1 I, :=.1 f =—
A N max ==, -
o= fnax = 139.055 Hz
2

50
My (f) :=ifl f <50,150,11.25 + 140-——

)

2
(>\ + Ld"d)z + (Lq-lq)2 = (%)

Dado



Ump{Xh+(%—lqydh]:Mbm

() ==Find(ig.lq)

Ja(f) ::aa(f)O AI,qA(f) ::aa(f)1
2 2
£,:=1,2.200 A*ﬂ::hdﬂ +1g(f)
I4() = lg) = 1y(f) = Pig(h Jg(M F)=  N(f) = M(gh Jg() =
1 -0.664 6.26 6.296 78.54 5 15qo
5 -0.664 6.26 6.296 157.08 10 150
3 -0.664 6.26 6.296 235.619 15 150
2 -0.664 6.26 6.296 314.159 20 150
5 -0.664 6.26 6.296 392.699 25 150
6 -0.664 6.26 6.296 471.239 30 150
7 -0.664 6.26 6.296 549.779 35 150
8 -0.664 6.26 6.296 628.319 40 150
9 -0.664 6.26 6.296 706.858 45 150
10 -0.664 6.26 6.296 785.398 50 150
11 -0.664 6.26 6.296 863.938 55 150
12 -0.664 6.26 6.296 942.472 60 150
13 -0.664 6.26 6.296 1.021-103 65 150
14 -0.664 6.26 6.296 1.1-103 70 150
15 -0.664 6.26 6.296 1.178-10 75 150
M(N)

150
E
Z M(Ig(H) g )roof
s

501

0 200 400 600 800 1x10 1.2><103
N(f)
4x10°
310° .

P(1(F) Ag(f) f) 2c10°




<10 7]

0
0 200 400 600 800 1x10° 1.2x10°
N(f)
| | | | |
151 -
15(F) 10 _
5+ i
0 | | | | |
0 200 400 600 800 1x10° 1.2<10°
N(f)
(T -=1,(200) ~
centrifugat - ~'a 'centrifugat =12.615 A S, = 3,544 mm2
A L I(:entrifugat A
cent Se Acent = 3.56 2

mm






