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Abstract

In the field of communication speed regulation, precise control of motor magnetic flux is crucial for
achieving high-performance control of electrically excited synchronous motor (EESM). When observ-
ing the magnetic flux of EESM, the current model is easily affected by changes in machine parameters
and operates in an open-loop manner, leading to inaccurate measurements. Additionally, traditional
voltage models suffer from DC biases and integral errors. In response to the above issues, a new voltage
model observer based on a phase-locked loop, a nonlinear magnetic flux observer based on position
sensorless, and a Lomberg magnetic flux observer based on state equation was constructed through
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mathematical model analysis of EESM in a static coordinate system. Simulation verification was carried
out in MATLAB/Simulink environment, and comparative analysis was conducted in dynamic response,
speed estimation fluctuation, and angle tracking error to verify the feasibility and superiority of the
three magnetic flux observer models in high-performance control of EESM.
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Figure 1. Novel voltage observer based on PLL
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Figure 2. Nonlinear flux observer structure
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Figure 3. Speed waveform of flux observers at start-up and changed speed
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Figure 4. Speed estimation error
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Figure 5. Angle tracking waveform
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Figure 6. Waveform of flux linkage locus circle
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