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Fig. 1 Equivalent diagram of ESM based inertia wheel

energy storage system
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Fig.3 Vector diagram of ESM in generating state

with unity power factor
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Direct torque control of electrically excited synchronous motor based
on novel excitation control in flywheel energy storage system

LIU Yang
(Locomotive & Car Research Institute, China Academy of Railway Science Corporation Limited ,

Beijing 100081, China)

Abstract: In the discharging mode of electrically excited synchronous motor based flywheel energy storage system,
stabilizing the output DC-link voltage and increasing the ESM power factor are basic needs. The key to a stabilizing
DC-link voltage is the control of stator flux. In this paper, the voltage space vector modulation based direct torque
control scheme ( DTC-SVM) is adopted, in which the stator flux is directly regulated, to maintain a stable DC-link
voltage while the speed and load varied. Meanwhile, aiming to make the stator voltage and current vector in oppo-
site direction and finally run the motor with unity power factor, a novel rotor excitation current control method is
proposed under the rotor-oriented reference frame, in which the dependency of the motor parameter is weakened.
Simulation and experiment results show that, the proposed scheme effectively reduced the DC-link voltage drop with
the speed and load varying, and increased the power factor to 0. 97, which has effectively improved the specific en-
ergy.

Key words: electrically excited synchronous motor; flywheel energy storage; excitation current control; direct

torque control; unity power factor



