Development of an integrated tubular electric drive for rotating shafts in agricultural applications
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Abstract

In this paper a new designed electric motor [1], especially for agricultural applications will be presented. The motor is designed as an outer-runner permanent magnet synchronous motor. Due to its tubular outer-runner design it can be integrated into the rotating parts of the machinery, such as tubes, drums, cylinders and so forth. The developed and constructed motor was integrated into mowing conditioner. With a nominal torque of 100 Nm and a nominal speed of 1000 rpm it can provide a nominal power of about 10.5 kW, having compact dimensions for agricultural applications. Moreover the motor has an overload capability of 1.4 times the nominal torque at rated speed.

Introduction

In modern agriculture the request of energy efficient and fuel saving processes is higher than ever. There is also a demand of flexible and versatile systems which shall be easy to control and provide as much feedback of the process as possible. All these requirements can be met by the use of electrical drives [2 through 5]. In the following article an integrated tubular electric drive is presented. It was developed and constructed within the project “FFT – Future Farm Technology”, a research project including Josephinum Research, BLT Wieselburg, the companies Alois Pöttinger Maschinenfabrik, High Tech Drives and Egston, as well as the Vienna University of Technology [1]. 

Robustness and availability

The usage in agricultural and related sectors implies rough environment and rough operation. Therefore the motor has to be very robust and shall require a minimum of maintenance. As a direct drive there is no need of a gear unit, so robustness and availability can be increased. Another main feature to increase robustness and availability is the sensorless control technique, see also [6]. By using this control method, no additional position sensor is needed and therefore a source of error is eliminated.

Flexibility and versatility

Flexibility means, that the motor design is scalable in length. The required torque defines the length of the motor, so it can become short and disc-shaped or long and tubular.

The integrated tubular design was chosen because it requires a minimum of modification of the mowing conditioner. With the strategy of single side mounting in combination of the integrated tubular design the design shall provide a maximum of flexibility and versatility for many other applications. 

Integration into a mowing conditioner

Figure 1 shows schematically the integration of the motor in the mower. To avoid problems with the tolerances, the motor is mounted just on the face of the mower tube. Because of the outer runner design the flange, which is part of the rotor, transmits the torque of motor the to the mower tube. Furthermore the support of the mower tube on the motor side is provided by the motor bearing.
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Fig. 1:
Sketch of the tubular motor (blue) build into the rotor of a mowing conditioner [7]

Magnetic circuit

In the following section the magnetic circuit of the motor and the results oft the finite element simulation are shown. After some basic calculation, the optimization of the geometry was done by using a finite element program. Figure 2 shows the flux density simulation of the magnetic circuit without mounting holes and with no current applied to the coils. One can see that the flux density is in wide areas below 1.3 Tesla, so saturation should not be a problem.
[image: image2.emf]
Fig. 2:
Finite element calculation, magnetic induction

Torque measurements

After implementing the motor and setting up the test stand, several measurements were performed. Figure 3 shows the torque measurement. The produced torque (red) and the torque preset (blue) are shown over time.
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Fig. 3:
Comparison of the reference value (blue) and the actual value (red) of the torque [8]

First quasi stationary operation was performed, with an increase of the preset value of 10 % every 6 seconds. After that a dynamic test was performed by increasing the reference torque to 100 % and after another 6 seconds to 170 % of the nominal load.

It can be shown, that the motor has a good overload capability up to about 140 % of the nominal torque. Also the dynamic of the produced torque is very good. The transient overshoot of the moment in high dynamic situations could be reduced by the control parameters. Since it is not a problem in this application, the higher dynamic is more useful.

Efficiency map

In figure 4 the calculated efficiency map of the motor (mechanical output power per electrical input power of the motor) is given. The map shows, that the motor has an efficiency of more than 93 % in wide areas of operation. One has to consider, that the speed starts at 300 rpm, due to a change of the control algorithm below this speed.
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Fig. 4:
Efficiency map of the motor at a Temperature of approximately 80° Celsius [7]

Operational cycle

Finally an operational cycle was performed, see figure 5. Measured load conditions were applied to the motor by the load machine. The cycle lasts for 180 seconds and the load varies from approximately 70 % up to 150 % of the nominal torque.
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Fig. 5:
Comparison between reference value (blue) and the actual value (red) of the torque at simulated load conditions [8]

One can see that the motor is capable to produce the required torque, as well in points of absolute value as in points of dynamics. Also the overload conditions with up to 150 Nm were fulfilled satisfactorily.

Prospects and limits of the system

The measurements have shown clearly the functionality of the basic requirements. Especially the operational cycle shows the ability of the system to fulfil the required load conditions in points of speed, torque, torque dynamics and overload capability.

An issue still to be solved is the problem of a to high rotor temperature under load conditions. This can be done on the one hand by a reduction of the produced losses in the rotor and on the other hand by an improvement of the actual cooling situation of the rotor.

In summary there are still enough tasks for further research and improvement, but the basic concept has shown to be promising for future applications of integrated tubular electric drive concepts.
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