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PWM Rectifier for Seamless Winding Changeover
with Reduced Number of Switches
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This paper proposes a PWM rectifier with a seamless winding changeover capability. The proposed PWM rectifier

can be operated in the star connection mode as well as in the delta connection mode, for which the output voltage is

equivalent to a generator with delta winding. The proposed topology is used for open-end winding generators. One

of the ports of the generator is connected to a PWM rectifier. Another port is connected to a diode bridge rectifier,
which has a switch to short the dc-link of the diode bridge rectifier. The PWM rectifier and the diode bridge rectifier
are connected via diodes. The proposed configuration allows seamless winding changeover with reduced number of

switches in comparison with a conventional winding changeover circuit. When the delta connection is used, a new

control method for achieving low current THD has to be used. The proposed circuit and control are assessed through

experiments. The generator current THD of the star connection and the delta connection are 4.0% and 4.7%,

respectively. In addition, the transient response is analyzed. In spite of the winding changeover in both the

directions, power is continuously supplied to the load.
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Fig. 3. Control block diagram of proposed circuit.
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Fig. 4. Equivalent circuit of proposed circuit.
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Fig. 7. Vector diagrams of proposed totem-pole bridgeless
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Table 1. Parameters for simulation.

Parameters Value
Inductance of generator L, 32mH
Synchronous reactance %X, 20%
Back EMF of generator V, 100 Vpeax
Frequency of back EMF f.¢ 100 Hz
Carrier frequency fi 10 kHz
Output voltage Vo 350V
Response angler frequency of ACR 4000 rad/sec
Response angler frequency of AVR 40 rad/sec
Output DC capacitance 470 uF
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(a) Conventional winding changeover circuit with magnetic contactors
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(b) Proposed circuit without unity power factor control
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(c) Proposed circuit with unity power factor control

Fig. 8. Simulation result of conventional winding changeover

circuit and proposed circuit.

IEEJ Trans. ©@,V0.0@®, No0.O®, 000



IEGHITETRY] 0 R AN TR g (P RTE —, i)

WENMERIND, L, IR HEEEATHZ LT
NS THD % 1.6% % CIEBAIEETH 5,

X 10 \ZHEHOEEHES SO AE &2 —E & LIk
O, FPYT 7 Z2 AT DHATEROY I 2 b — 37
UHRERERT, BRI T IR ia= 0 HIEE RO R E
PEEETTBERE, ABMEIIER 1 I P R DS EE R I P A
ETH D,

=0 MEEEH LeSs, RY 772 2Rt
ELTHATBROBEIMINE W, #ﬁ,ﬁ$1%ﬁ%§
ALTEHBE, FHY 77 2 208N L 238 Bl &

JEIZR L THER L ETH7-01I2087 d iﬂ}fﬁmm)imj}uj—é
7=, %%@WMﬁ%ﬁéné L LG, X9 1R
L7=&9518, ia=0HIETIXFEMY 727 % o 2O -
C THD 23N T 572, EEHROIRBOBLEHITIE 1
HilE A AT DD D,

4. EHBHER
ARETITRERIE O REMAE 1T o7z, R 2 WM LE
KA RBAFEEL D/ NT A =2 RmT, ok, AFEEK

A= BERBEERTH Y, — O 2 REREE DA
YAR=ZANT, b D RO & XA A — RN

_40 | P
S ]
2 30 s ’
= a .-
E - zdfO ’,/ -
5 -
520 -7 7
2 -
I P .
= -7
glor”- A T
5 e
O] - i R T Unity power factor control 1

0 1 1 1 U~~_~|~"ﬁ""r-~—m-~

0 10 20 30 40

Reactance %X, [%]

Fig. 9. Generator current THD versus synchronous reactance

of the generator,

12 T T T T T T T T

11F Rated torque Unity power factor coilt_rol_ -
= YA . Ehlt i A
— L AR —
"0 la= 0 4
5
Eor b
=
o
5 8t ]
g
L) -
© 6 Sim. Calc. i

50% torque \a y
5 1 1 1 S —I — E —
0 10 20 30 40
Reactance %X, [%]

Fig. 10. Amplitude of generator current versus synchronous

reactance of the generator.

i LT 2, REBRTIE, FHEMREROBIHIER O
B JE A 4000 rad/s, BTSSR 2 40 rad/s & L7,
72, HAOOEKRa T o REITX 470 uF TH 5,

(4-1) EHEEE

X 11 ICHAES 1 kW, T —F [BIEZEHEEE 0.5p.u. (3000 r/min)
RFDO TR A O FRREE R 2777, @IF A F — /T —F, (b)
TN ZRERE— RORRETHD, K11 LV, 2Z—FEf#
=R, TAXHERE— ROmE &b ATTERO EXEL
T O, (B 7 A AY I @Wwaé*aﬁﬁ%
T 5%, ZOME, AJIEF THD 1T A ¥ —fEBE— RlgBWwn
T4m&TWﬁﬁﬁ%ﬁF;%WT4Wﬁ%50ﬁ%,.
L(b)DT N A FERRTE— R TIE, Jeak L72BEHIC L 0 ANE
JERRPEI IS U CEEESMESREGICE LT 24BN’ H D

Table. 2. Parameters of IPMSM.

Parameters Value
Rated torque 6 Nm
Rated power 3.7kW
Rated speed 6000 r/min
Number of pole pairs 3
Rated current 10 A
Winding resistance 0.094 Q
d-axis inductance 8.27 mH (%Xq4 = 48.8%)
g-axis inductance 9.24 mH (%X, = 53.2%)
Back-EMF coefficient | 0.15 V-s/rad

Volt;ge cofnman(i v [1 fp.u./di‘;/]

b

[4 ms/dlv]

(a) Star-connection mode

Voltage command v [1 p u. /d1v]

Mwmwmwwm T S T e
DC output voltage VDC[IOO V/d1v] :

[4 ms/dlv]

(b) Delta-connection mode

Fig. 11. Experimental results of proposed circuit.
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