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Abstract. A typical electromechanical drivetrain consists of an electric motor, connecting shafts and gears. 

Premature failures of these shafts and gears have been reported which are mainly due to fatigue caused by 

extreme loads and torsional oscillations. Overdesign and passive damping are the common approaches taken to 

increase the fatigue life. Nevertheless, they increase the system cost, weight and volume. Alternatively, active 

damping through advanced inverter control of the motor drive has been identified as a promising solution that 

does not require overdesign or alterations to the existing system. Even with the active damping control, 

oscillations propagate into the dc side of the power converter and subsequently to the upstream power bus. 

Generally, a large capacitor or an additional energy storage system is placed to suppress these oscillations. This 

paper proposes to use the clamping capacitors of the capacitor-clamped inverter as energy storage elements and 

thereby eliminate the need for a large dc side capacitor or an additional energy storage system. The efficacy of 

the proposed method has been verified with computer simulations. Simulation results show that the clamping 

capacitors are capable of containing torsional oscillations within the inverter without passing them to the 

upstream power bus.  

1 Introduction  
More electric technologies (METs) play an important role 

in meeting ever growing demands for energy efficiency 

and emission reduction in the transportation sector [1]. 

Improved performance and control flexibility are the 

other advantages that make METs stand out amongst 

predominantly mechanical technologies. The automobile 

industry is the first to incorporate METs into vehicles 

whereas the maritime and aviation industries are catching 

up fast. As a result, conventional mechanical 

transmission based propulsion and drive systems in ships 

and aircrafts are gradually being replaced with 

electromechanical drive systems. The most prominent 

MET in ships is the electric propulsion azimuth thrusters 

or pod propulsion systems [2].  

In a typical electromechanical drive system, there is a 

power converter to convert the fixed voltage-fixed 

frequency electrical supply into a variable voltage-

variable frequency output to feed the motor. The load is 

connected to the motor through shafts and gearboxes. The 

L-drive type azimuth thruster is a good example for this 

configuration where the motor is connected to the 

propeller through a vertical shaft, a horizontal shaft and a 

bevel gear. Depending on the application, the shafts may 

require being long and thin which results in a certain 

degree of elasticity. The elasticity leads to torsional 

oscillations in transient conditions. Unless appropriate 

control measures are taken, repetition of such oscillations 

over a period of time leads to fatigue and result in 

driveline failure [3]. The easiest way to avoid such 

premature failures is the overdesign with bigger and 

stiffer shafts and gears. But it increases the weight, 

volume and cost of the system.  Passive damping is 

another solution that uses additional hardware to suppress 

oscillation. This also increases the weight, volume and 

cost of the system. 

Alternatively, active damping through advanced 

power converter control has been identified as a 

promising solution that can suppress torsional oscillations 

and thereby increase the fatigue life without hardware 

modifications [4]. Therefore, the size and weight of the 

drivetrain can be kept at a reasonable level eliminating 

the need for overdesign.  

Even though active damping reduces torsional 

oscillations, the remaining oscillations in the shaft 

propagate into the dc-side of the motor drive. These 

oscillations can propagate further into the main power 

system of the ship as well causing damages to the 

attached equipment. Increasing the dc-link capacitance or 

adding an energy storage is the common solution to 

prevent the propagation of oscillations into the power 

system. However, they require large capacitors or 

additional hardware. Therefore, as an alternative, this 

paper proposes to use clamping capacitors of the 

capacitor-clamped inverter to absorb oscillations and 

thereby eliminate the need for large dc-link capacitor or 

an additional energy storage system.  
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The proposed concept has been verified with 

computer simulations considering an L-drive azimuth 

thruster system as an application. The simulations were 

carried out for three different scenarios. Firstly, the 

system has been simulated for the normal operation 

without active damping or clamping-capacitor support to 

contain oscillations. The results show significant 

oscillations in the shaft, dc voltage and input current. 

Secondly, the active damping was added to the control 

which reduced the oscillation in the shaft. However, the 

remaining oscillations get propagated into the inverter 

and appeared in the dc voltage and the input current. 

Thirdly, both active damping and clamping capacitor 

support were added to the controller which in turn 

reduced oscillations in the shaft and smoothened dc 

voltage and input current. This concept is thus proven to 

be feasible as the torsional oscillations can be contained 

within the converter without passing them on to the 

shipboard power system.  

2 Proposed system 
The proposed system is shown in Figure 1 where a 

capacitor-clamped inverter is used to drive the propulsion 

motor of an L-drive type azimuth thruster. In this study, a 

permanent magnet synchronous motor (PMSM) is used 

as the propulsion motor. The motor is connected to the 

propeller through a vertical shaft, horizontal shat and a 

bevel gear. For simplicity, in the simulation model, an 

ideal gear was assumed and the two shafts were 

represented by a single shaft. Moreover, low values were 

assigned for the shaft stiffness, Ks, and the damping 

coefficient, B in order to have a more flexible shaft and 

hence getting a better illustration of the torsional 

oscillations. The block diagram of the drivetrain model is 

shown in Figure 2 where �m is the angle at the drive end, 

�p is the angle at the load end and JP is the inertia of the 

load. The torque transmitted through the shaft, T, varies 

with the difference in the twisting angle of the shaft at the 

drive end and the load end. The corresponding 

mathematical expression for T can be expressed as in (1). 
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 Figure 2. Drivetrain model 
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3. Control strategy 

3.1 Motor controller 

A block diagram of the motor controller is shown in 

Figure 3. In the steady state operation, the controller 

compares the actual motor speed, �m, with a reference 

speed, �m
*, and the error is then passed through PI 

controller. The output of the PI controller is the reference 

torque from which the q axis current reference, iq
*, can be 

derived. The d axis current reference, id
*, is set to zero. 

The actual dq axes currents are compared with the 

references and the errors are passed through PI 

controllers which in turn produce references for dq axis 

voltages as shown in Figure 3. Finally, using the voltage 

values of the dq axes, the amplitude and angle of the 

inverter output voltage are generated in the abc frame. 

The PI controller at the bottom left of Figure 3 also 

compares the speed difference between the drive end and 

the load end of the drivetrain in order for the motor to 

vary its torque so as to reduce the amount of twisting in 

the shaft that can occur during wildly fluctuating load 

conditions. This is the control action that implements 

active damping. Therefore, a more flexible shaft can have 

its mechanical stress converted to the electrical 

equivalent by increasing the gain of the corresponding PI 

controller. The clamping capacitor charge/discharge 

controller and modulation technique described below can 

then help to absorb and hence damp down the voltage and 

current oscillations in the inverter.  
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Figure 1. Capacitor clamped inverter based azimuth thruster drive system 
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Figure 7. Proposed operation with active damping and 

clamping capacitor support (a) shaft speed at the drive end and 

load end, (b) output current, (c) dc-link voltage, (d) rectifier 

input current, (e) clamping capacitor voltage 

As evident from the smooth transients in the dc-link 

voltage and input current waveforms shown in Figure 

7(c) and 7(d) respectively, the clamping-capacitor 

support makes a significant contribution to contain the 

oscillations within the inverter without passing them to 

the upstream power bus. The variations in the clamping-

capacitor voltage, as shown in Figure 7(e), verifies this 

claim. When the load gain occurs at 0.5s, the clamping 

capacitors get discharged fast to supply the sudden 

increase of the load power. Moreover, they absorb the 

oscillations in the dc-link voltage as well. Therefore, the 

dc-link voltage changes smoothly. When the steady state 

occurs, capacitor voltage rises slowly to the balanced 

condition. The opposite happens at the load drop.  

5 Conclusions 
This paper demonstrates the effective use of short-term 

energy storage capability of the capacitor-clamped 

inverter to contain oscillations within the inverter. 

Moreover, an active damping controller is used to 

suppress the torsional oscillations present in 

electromechanical drivelines with long and flexible 

shafts. An azimuth thruster with long flexible shafts is 

used as the example application to assess the efficacy of 

the proposed method. The results show that the proposed 

method is feasible and the shaft oscillations and 

vibrations can be damped quickly with the active 

damping controller. Moreover, the results show that the 

clamping capacitors are capable of absorbing the 

resulting transients arising from the shaft oscillations, 

without passing them on to the upstream power bus.   
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