Adriaan Kragten, Sint-Oedenrode 11-3-2005, reviewed 15-12-2021
Translation of page 79 of the book Windbouwwerk 1 out of 1982 of Fons de Beer from Dutch into English
Load for the five metre windmill

The five metre prototype (max 4 kW motor) is coupled to the public grid. The actual installation and wiring diagrams are complicated enough to be outside the scope of this book. However, as a compensation, a simplified wiring diagram is included which shows how to dissipate the energy of the windmill into dump loads. This is done on the basis of 3-phase, 220 V (see Figure 37).
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Figure 37. Connection and disconnection at the right moment of heat elements coupled to a windmill. Design: Jan Vink (Kiel Windeweer)

The essence of the wiring diagram is that progressively increasing loads B are connected to the windmill as each of the voltage-divider thresholds (REF. 1 to 3) are exceeded. The wiring diagram also allows small increases of the rotational speed in between the connections and therefore the optimal cubic P-n curve of the rotor can better be followed. For a good result one needs enough knowledge of electronics.

The switches (S 2410) included in the wiring diagram are solid state relays which incorporate optocoupled triacs, so that the exits of the OpAmps (3 * 741) can not make contact with 220 V. Above that, the switches are chosen such that they are connected and disconnected only when the sine wave is zero. This limits distortion of radio and TV. The solid state relays actually used are designed for 240 V, 10 A, which may be a little low, especially the voltage. A better choice may be the solid state relays type S 302-A 210 from Siemens (280 V, 10 A).

Making the generator self starting by starting capacitors

The generator used for the prototype can be connected to the wiring diagram of figure 37 if it is provided with the components of figure 38. These are capacitors which are used to make the generator, which is an asynchronous motor, self starting.

[image: image2.jpg]GEN. 313801 A

< ime>| <5we)





Figure. 38 Asynchronous generator which is made self starting by starting capacitors C. S is a thermo-magnetic maximum current switch, U, V, W and X, Y, X are the connecting terminals on the generator which are connected to the three stator windings.

An approximate size of the capacitors is 7 F per kW per phase for a generator, when connected in star with a 380 V phase voltage between line to line (R S T). In the prototype 4 kW generator C = 28 F is used. BE ALERT. The use of starting capacitors can burn the generator winding within minutes if the rotational speed and so the frequency and voltage (and so the current) becomes too high. 
Take care that the voltage does not exceed 220 V per phase with respect to the star point (this also means 380 V in between two phase lines) by switching the loads B at the correct moment using the wiring diagram of figure 37.  To adjust the diversion: first make a rough adjustment using the two R50k potentiometers. Next adjust the REF 1, 2 and 3 potentiometers, such that the heat elements B1, B2 and B3 connect one after the other at increasing wind speed). Don’t allow a higher frequency than 50 Hz.  The maximum rotational speed of the generator is 1500 rpm which is limited by proper adjustment of the safety system of the rotor.  This is a pitch control system  which decreases the blade angle at high speed, but which is not relied upon to work perfectly).

What kind of capacitors

The capacitors must be designed for a voltage of 380 V and may not be polarized, so no electrolytic capacitors. One has to look for capacitors which are used for starting of motors or for increase of the cos and which can have a current of at least 4 A. To protect the capacitors against too high a current, a thermo-magnetic maximum current switch has to be used. This switch is connected by hand but is disconnected automatically if the adjusted current is reached (you can’t use a relay for this switch). The maximum current is adjusted at 10 A. Philips delivers this switch called ”stop circuit safety automata” Type number ZT10 MT 211 (10 A, 3-poles).

