14 12 Vol. 14 No. 12

2010 12 ELECTRIC MACHINES AND CONTROL Dec. 2010
1 1 2
(1. 400044;
2. 150025)
PWM
; PWM ; ;
: TM351 DA : 1007-449X( 2010) 12-0075-07

Influence of converter parameters on stator losses of
permanent magnet synchronous generator
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Abstract: To study the influence of PWM converter parameters including the amplitude modulation radio
and the frequency modulation radio on the stator harmonic losses of permanent magnet synchronous genera—
tor( PMSG) directly-driven by wind turbine a 2D time-stepping finite element model coupled with the cir—
cuit was built up to calculate the electromagnetic field of PMSG. The numerical methods to calculate the
stator harmonic iron and copper losses were then presented. The data calculated by the model were com—
pared with these of the analytical method and verified the correctness of the model. The results show that
the stator iron loss increases while the stator copper loss decreases with the decrease of the amplitude modu—
lation ratio. However the stator iron loss and copper loss increase together with the decrease of the fre—
quency modulation ratio. The experimental results are valuable for the design and control of wind PMSG.
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Fig. 4 Sinusoidal modulating and triangle carrier signals

s
0.8 | —

0.6 4 N
0.4
0.2
0 /1
-0.2
-0.4

Y N1 i

—1pu d u

UV

-

0 0.010.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
tls

5 ARIFBEIR A8 PWM B IEZK
Fig. 5 Generated A-phase PWM and sinusoidal waveforms



78 14
’ (8). (9
T _ 1) e mw
o, = ZR{Zk 1+(-1) Msm[(k+m)R]}O oo
k=12 - 2R, (-1)* =1 m= —1 Piron = J;,Pn-‘“/z Z Z(I)nk +pu +pa) LA, (10)
’ e=1 k=1
(-)'=-1  m=0, PMSG o v
VB VA,
13
[z 1) *cos( nay,) ] +[z ) **'sin( ney,) ]20
(7)
(6) . (7) PWM ’é;,
V/L n~ Vdc Qy, E
Q, M R. L
M.R
PMSG o
1.3 1.5
Ansoft / Maxwell BIT
6
PMSG R Fig. 6 Curves of iron loss
1.4
° PMSG
Bertotti
Per Pn o
p 3 311-12 14-15 m
Pre =Pe + Py + Do (8) 6
PWM R, m?
. 311-12 14-15 K,=%=el&) +73 " lyte) . (1)
d
X sh2¢, +sin2¢
al ! , e(&) =& m (12)
P = 2pa = 2 K(BS) O . .
= = U shé, —sing,
‘ 0 WE) =26 (13)
Pn = thk = Z K,B; /, 0 (9) k ' chg, +cosg,
= 0 -
: B max L (14
P. = zpak = z (Bl\fk)z"lj Ek bs 1%
k=1 k=1
° Ke ; Kh ' Rd | Rk k
; Kﬂ y Bk k , a\b
Cfe k N v b, b/b,
=100, 0.9, fi k P
M19 29G 0.0245x107°Q * m.
6 o

0.38626 K, =184.234 K, =0.270 23,



79

12
N
pcnpper = 2 Ii( Kde) © ( 15)
k=1
2
2.1
PMSG
2 x107s,
5
1 o
1

Table 1 Iron loss and copper loss of fundamental waveform
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Fig. 7 Influence of M on the stator iron flux

density waveforms

8 A
201 C — 20 ‘ )
15 / [\ 15 //‘ M\ |
or /o [\ 10t ./ o\
50/ /A = 5/ [\
of / \\ [\ 2 o/ \ [/ |\
-5 / /" \ :' =) / \ / “x I
-10}/ \ / \ '}(5) \ / j
=15 \ -15y \ /
-20 \ -20 \/
0.04 0.08 0.12 0.16 0.2 0.04 0.08 0.12 0.16 0.2
tls t/s
(a) M=1.0 (h) M=0.8
8

Fig. 8 Influence of M on the stator current waveform

5
2 o
D 5
5%
;@
o M=1.0
2.8%; M=0.8
8. 2% -
2

Table 2 Influence of M on the stator iron loss

/%
1.00 1.028 1. 005 2.24
0.95 1. 046 1.010 3.44
0.90 1. 049 1. 020 2.76
0.85 1. 069 1. 026 4.02
0. 80 1. 082 1. 031 4.71
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Table 4 Influence of M on the stator copper loss
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Fig. 10 Influence of R on the stator current waveform
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Table 5 Influence of R on the stator iron loss

/%
180 1. 061 1. 031 2.83
120 1.082 1.031 4.71
90 1.097 1. 031 6.02
60 1. 151 1. 031 10. 43
6 3
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Table 6 Percentage of the stator iron losses for different R

1% 1% 1%
180 58. 65 41.18 0.17
120 58.72 41.12 0.16
90 60. 86 38.98 0.16
60 60. 94 38.91 0.15
7 o
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Table 7 Influence of R on the stator copper loss

BB HFE P FFE

180 1.224 90 1.228
120 1.225 60 1.232
3
PMSG
. PWM
PMSG
PWM PMSG
1) PMSG
2) PMSG
3)

1 CHINCHILLA M ARNALTES S BURGOS J C. Control of per—
manent magnet generators applied to variable-speed wind-energy
systems connected to the grid J . IEEE Trans on Energy Conver—
sation 2006 21(1): 130 -135.

2 JAMAL A BAROUDI VENKATA Dinavahi ANDREW M Knight. A
review of power converter topologies for wind generators J . Re—
newable Energy 2005 32(14): 2369 -2385.

3 ALDO Boglietti ANDREA Cavagnino MARIO Lazzari et al.
Predicting iron losses in soft magnetic materials with arbitrary volt—
age supply: an engineering approach J . IEEE Trans on Magnet—

ies 2003 39(2): 981 —989.

] 2005 25(17) : 131 -135.
WU Xinzhen WANG Xiangheng LUO Cheng. Loss calculation

for induction machine rotor bar with non-sinusoidal current J .

10

11

12

13

14

15

16

Proceeding of the CSEE 2005 25(17): 131 —135.
. PWM

J. 2007 27(12): 19 -23.
HUANG Pinglin HU Qianshen CUI Yang et al. Analytical cal-
culation of the iron losses of electrical machine fed by PWM invert—
er J . Proceeding of the CSEE 2007 27(12): 19 -23.
ZHANY KNIGHTAM WUY etal. Investigation and compar—
ison of inverterfed induction machine loss C // IEEE Industry
Applications Society Annual Meeting Oct 5 -9 2008 Edmonton
AB Canada. 2008: 1 -6.
KATSUMI Yamazaki YOSHIAKI Seto. Iron loss analysis of interi—
or permanent-magnet synchronous motors—variation of main loss
factors due to driving condition J . IEEE Trans on Industry Appli—
cation 2006 42(2): 1045 -1052.
CHAN TzeFun WANG Weimin LAI Loilei. Coupled field-eir—
cuit analysis of a surface-inset permanent-magnet synchronous gen—
erator feeding a rectifier load C // International Electric Machines
and Drives Conference May 3 — 6 2009 Miami FL United
States. 2009: 1600 —1604.

] 2003 23(8):163 —167.
YAN Dengjun LIU Ruifang HU Minqgiang et al. A new method
to deal with the motion problem in electromagnetic field finite ele—
ment analysis J . Proceeding of the CSEE 2003 23(8): 163 —
167.
M .
2003.
BOGLIETTI A FERRARIS P LAZZARI M et al. Iron loss in
magnetic materials with six-step and PWM inverter supply J .
IEEE Trans on Magnetics 1991 27(6): 5334 —5336.
BOGLIETTI A CAVAGNINO A LAZZARIM et al. Predicting
iron losses in soft magnetic materials with arbitrary voltage sup—
ply: a engineering approach J . IEEE Trans on Magnetics
2003 39(2): 981 -989.
LIU Ruifang CHRIS Chunting Mi GAO David Wenzhong.
Modeling of iron losses of electrical machines and transformers
fed by PWM inverters C // IEEE Power Engineering Society
General Meeting June 24 — 28 2007 Tampa FL United
States. 2007: 1 -7.
ZHU J G RAMSDEM V S. Improved formulations for rotational
core losses in rotating electrical machines J . IEEE Trans on
Magnetics 1998 34(4): 2234 -2242.
PMSM
J. 2007 11(4): 340 -344 348.
ZHANG Hongliang ZOU Jibin. Numerical calculation and analy—
sis of stator iron losses due to rotational flux and magnet pole ed—
dy-current loss in PMSM ] . Electrical Machines and Control
2007 11(4): 340 -344 348.
M . : 1990.



