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Abstract: Beam pumping units are widely used in coalbed methane drainage and gas recovery. Due to the
kinematic characteristics of the four—bar linkage mechanism and the non—constant downhole load, the driving
motor undergoes a motoring—generating—motoring cycle within each stroke. The regenerative braking energy gener-

ated during the downstroke causes energy waste, reduces the power factor of the motor, and degrades the power
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supply quality of the grid. To address this issue, this paper proposes an energy inter—feeding system based on a
common DC bus and supercapacitors to achieve efficient energy recovery and reuse. First, a power distribution
topology centered on a common DC bus was constructed, connecting the drive systems of multiple wells in parallel
to realize direct inter—well energy inter—feeding and balance. An energy management subsystem was also
designed, utilizing supercapacitors as the energy storage unit and a bidirectional DC-DC converter as the inter-
face. Taking the DC bus voltage as the control target, the system rapidly switches between charging and discharg-
ing modes when the voltage exceeds the limits, thereby suppressing bus voltage fluctuations. Second, a motor
power characteristic model was established based on the torque—power relationship and field conditions. Simulation
experiments determined that the peak regenerative power of a Type 8 pumping unit during a single downstroke is
approximately 6 kW, based on which a supercapacitor bank with a capacity of 1.5 F and a rated voltage of 720 V
was selected. Industrial field tests were conducted at a well site in the Hancheng Coalbed Methane Block. The
results show that after integrating the bidirectional DC-DC module, the DC bus voltage fluctuation was reduced
from 600 — 680 V to 600 - 630 V, demonstrating a significant voltage stabilization effect. The supercapacitors
achieved a maximum energy storage of 73,631 ] during a single downstroke, and the stored energy was released
during the subsequent upstroke to assist in driving. In terms of energy savings, the daily power consumption of
Type 8, Type 6, and Type 5 pumping units decreased by 13%, 8.7%, and 5%, respectively, indicating that
larger unit types yield more significant energy—saving effects. Therefore, the proposed energy inter—feeding system
based on a common DC bus and supercapacitors effectively mitigates the impact of regenerative braking energy on
the power grid, providing a feasible solution for energy conservation and consumption reduction in coalbed methane
well sites.

Keywords: Pumping unit; energy storage; common DC bus; Supercapacitors
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Table 1  Voltage changes on the DC bus and supercapacitor
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