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Operating Principle and Adjustable Speed Drive Torque Characteristics of Brushless DC-Excitation Generator
Masahiro Aoyama™ (SUZUKI Motor Corporation), Toshihiko Noguchi (Shizuoka University)

This paper describes a brushless DC-excitation generator in which the rotor magnetomotive force is controlled by a rotary

transformer without any mechanical contact. The stator has a concentrated winding structure with the DC-excitation, and the

rotor has two different types of windings, i.e., an induction pole (I-pole) winding that primarily retrieves the magnetic flux

variation of the rotation frequency by a flux-switching technique, and a Field pole (F-pole) winding for the torque generation.

The three-sets of the I-coil are connected three-phase diode bridge for DC-voltage generation, and the F-coil is connected in
series with MOSFET on the rotor which is controlled by rotary transformer. The three sets of F-coil with MOSFET are

connected in parallel with the three-phase diode bridge. The operating principle of proposed motor are clarified through the

magnetic field analysis. In addition, the adjustable speed drive characteristics are investigated.
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Fig. 1. Proposed motor.
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Table 1. Specifications of proposed motor (prototype).

Number of rotor poles 2 (Three-phase)

Number of stator poles 4 (DC-excitation)
Motor core outer diameter 120 mm
Air gap length 0.7 mm
Axial length of core 51.8 mm
Maximum stator current 60 Agc
Number of stator coil-turn 33

Stator winding connection
Stator coil resistance
Number of rotor induction coil

2 series 2 parallel
0.107 Q/coil

(I-coil) 3
Number of rotor excitation coil
. 37
(F-coil)
Rotor I-coil resistance 0.18 Q/coil
Rotor E-coil resistance 0.24 Q/coil
Air gap length 0.7 mm
Number of MOSFET 6
Number of three-phase 5
Diode bridge
Thickness of core steel plate 0.3 (30DH)
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Fig. 2. Induced voltage of opened rotor coil and torque

in DC-magnetic field excitation.

T —Z M TH — MR OOV AEIE E 58 4E S Halis
U AR LTCr—Z B ET H2EECH D, m—H
IANDT RTE =V EHELTZEIMAT, 6 DO
MOSFET & 2 DO =ML A A — KTV v VFET (FnEh
F A7 V— M) Bu—F LICEET D mEE ST D
7o, T —a—HEL L TWD, B, m—FaA
JE 1@IZAT LI v v TANE N ISR E
B aAn (LT, Icoil) &, I-coil OFFEHE % ¥ A
A=K7V v VTERLTCHLERETE 2 —% Lo
MOSFET O A A » F 0 712 L0 [FREER A 84 S
LaAn (LLF, Fcoil) O 2FEOaANERT D, B2
AMIT U H—a— X ETETEINLTEY, X
LR T &5 REEPER SN TND, R 1ICREE—X
DFEFHTE T,

(2-2) EREHEIE  FPiEe—% LICEREELZELH
HIZOWTHBAT 2, BB S DC/DC 2 "—H %
MLTATF—F aAf VLB OEREELHNT S LT

2/ 6



9 h 2
& PY.a
~ . Yif ¥
Z 3
5 A
g’ gl
S 3R i _ 1 " 0
>
Nl NI
gl
-9 ]
-2 Full-bridge rectified I-coil voltage
—o— F1 (opened rotor winding)
-15 -
0 30 60 90 120 150 180 210 240 270 300 330 360
Electric angle (deg)

B3 T-coil DFFERE ) & PR L CHI- IR EE
L SRR RE O F-coil 38 ALE )
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Fig. 5. U-phase rotor current of three-coil brush-type DC motor.

== == Gate signal of U-coil

0 30 60 90 120 150 180 210 240 270 300 330 360
Electric angle (deg)

M6 Uir—ZaAf Loy —MEs
Fig. 6. Gate signal of U-phase rotor coil.
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(b)  Series connected F-coil with MOSFET without series connected diode.
7 MOSFET AA v F > 7 H#ED F-coil FFEELES) &
kv2 (1000 r/min, 990 AT)
Fig. 7. Induced voltage of F-coil and torque with or without

MOSFET switching (1000 r/min, 990 AT).
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