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Abstract: To satisfy the servo requirements of main axes for next-generation ultra-large ground-based tele-
scopes, a multi-motor synchronous drive control method and corresponding experimental validation are
presented. Using a 4 m telescope as the platform, the control-system hardware is described and an Ether-
CAT-based multi-motor synchronous control architecture is developed. Parameter calibration procedures
and test results are reported for the azimuth segmented-arc permanent-magnet synchronous motors
(SAPMSM) and the assembled elevation motors. The speed controller is synthesized as an optimal sec-
ond-order system; a structural filter and an anti-windup scheme are incorporated to achieve rapid, over-

shoot-free speed response. To quantify torque ripple, a torque-current-based analysis method is intro-
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duced, demonstrating that torque ripple can be mitigated by matching motor electrical phases. An extend-
ed state observer (ESQO) is further employed to enable torque feedforward compensation. Experimental re-
sults indicate that direct drive of the mount attains a first natural {requency of 20 Hz. The elevation dual-
drive architecture exhibits superior dynamic characteristics, with a velocity closed-loop bandwidth of 6 Hz.
The telescope produces rapid, overshoot-free speed responses in both the linear (low-speed) and nonlinear
(high-speed) regimes. After application of the torque-fluctuation feedforward compensation on the eleva-
tion axis, speed fluctuation was reduced from 0. 000 868 (°)/s to 0. 000 341(°)/s, significantly enhancing
speed stability. These results demonstrate that the proposed multi-motor synchronous drive system meets
the high-precision demands of the telescope and offers a valuable reference for control-system design of
larger-aperture telescopes.

Key words: ground-based telescope; Permanent Magnet Sychronous Motor (PMSM) ; synchronous

drive; EtherCAT bus; anti-windup; ESO; torque ripple
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Fig.2 Composition of multi-motor synchronous control system
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Tab.1 Calibration results of motor pole position (°)

Zero electrical Measured Ideal elec-

Motor number  degree at me-  electrical  trical po-
chanical position  position sition
Az Motor M1 1.292 272.14 270
Az Motor M2 0.193 30. 36 30
Az Motor M3 0. 746 152.02 150
Az Motor M4 1.150 240.90 240
Az Motor M5 0.055 0.00 0
Az Motor M6 0.578 115. 06 120
EL Motor 1 3.420 — -
EL Motor 2 2.054 — —
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Tab.2 Test result of motor torque constant

Phase back-EMF
/(Verad 'es™")

Torque constant

Motor number .
/( N'm'ARMs )

Az Motor M1 553.9 1174.9
Az Motor M2 557.1 1181.5
Az Motor M3 563.5 1195.1
Az Motor M4 552.9 1172.6
Az Motor M5 553.9 1174.9
Az Motor M6 559.4 1186.5

EL Motor 1 381.9 810. 2

EL Motor 2 383.7 813.9
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Tab.3 Frequency characteristic distribution of azimuth

axis (Hz)
Anti-resonance Resonance
Order
frequency frequency
1-order 20.0 34.7
2-order 44.7 56. 8
3-order 62.9 76.2
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