Though it may sound hard to believe, one day you may be unable to start your car in the morning not because of a flat battery or engine trouble, but because the ignition cables have been chewn away. Certain rodents, in particular, stone martens, appear to be very fond of all kinds of plastic and rubber objects which they happily destroy without actually eating these materials. The circuit discussed here keeps these beautiful, nimble animals at a safe distance from your car. 
Although the problem of martens damaging car electrical systems is by no means massive, the German Automobile Association, ADAC, claims to have gathered some 350 damage reports from its members in one year. Following a publication on this subject, a research programme was launched to find ways of preventing damage to cars by stone martens. Fortunately, it is possible to keep stone martens at bay with relatively simple means. The electronic deterrent discussed here is sure to be successful in this respect. By virtue of its design, the deterrent can be adjusted to scare other rodents, pets and vermin as well. Towards the cities Stone martens are small predators which until recently stayed away from towns and cities. These days, however, they appear to change their habitat from woods and open fields to the city. In some European countries, particularly Switzerland, Austria and the South of Germany, stone martens can be a real nuisance to motorists, being the cause of huge garage bills. Research has shown that these little animals are initially attracted by the heat of the engine under the bonnet, where a comfortable sleeping place is found, particularly during the winter season. Next, the question arises why stone martens put their (very sharp) teeth in soft plastic parts, rubber cables, sleeves and covers. To find the answer to this question, researchers analysed the animal’s behaviour in great detail. The idea that the marten uses the plastic and rubber as nutriments was soon dispelled because all the tiny bits of cable insulation, sleeving, etc., which had been chewn away could be found on the ground, under the engine, and pieced together to give exactly what was missing. So, the marten does not actually eat these materials. In fact, its chewing habit is merely playful, and in this respect the marten behaves just like a dog or a cat. 

What to do? 

Although the stone marten does not form a real problem in most European countries, including the UK, those of you who intend to go on a motoring holiday to Austria, Switzerland or Southern Germany are well advised to take the risk posed by this nimble, playful animal into account. The ADAC has tested a number of marten deterrent systems on the market. Their conclusion was that the best protection is afforded by a system which produces a lot of ultrasonic noise. The best marten deterrent was a circuit which produced a signal with a frequency between 17 kHz and 19.5 kHz with a sound pressure of between 90 dB and 110 dB at a distance of about 30 cm. Although such a signal causes some discomfort to human beings, too, it is generally only noticed by young people who are close enough to the vehicle. Further evidence is available which indicates that the above system also deters mice, rats, cockroaches, ants and fleas. Dogs and cats too, run off when confronted with such an amount of ultrasonic sound. 
Fig. 1. Circuit diagram of the rodent deterrent. Here, the application is geared to scaring 
Circuit description 

The circuit diagram of the rodent deterrent is shown in Fig. 1. The design is such that the application is not limited to scaring stone martens alone. A square/triangle wave oscillator is constructed around opamps IC1a and IC1b. The triangular waveform is available on pin 7 of IC1b. This signal has a frequency of about 1 Hz, and a level which varies between 3 V and 7 V. It is used to drive a voltage-to- frequency converter (VCO) built around an RC4152 (from Raytheon) or its pin- compatible equivalent, the LM331 (from National Semiconductor). These ICs were chosen because they only require a handful of passive parts to implement the VCO. The integrated VCO is capable of generating square-wave signals with a frequency between 1 Hz and 100 kHz, which is more than adequate for the present application.The drive signal for IC2 is applied to pin 7 via an RC network consisting of R6 and C3. The frequency-determining components in the VCO are R7, R8, R9 and C4. The output signal frequency, fo, is calculated from fo = ( Uin / 2.09V ) x ( R9 / R8 ) x ( 1 / R7 x C5 ) Entering the drive voltage level and the component values used in the present circuit into this equation, you get a frequency range of 22 kHz to 50 KHz. In practice, most of the above mentioned animals and vermin respond favourably (for us, that is) to this signal. The VCO output signal is buffered by a simple transistor amplifier built around T1 and T2, which drive a high-impedance ceramic tweeter. The prototype was tested with a type KSN1078 tweeter from Monacor (Monarch), which has a frequency range of 5 kHz to 20 kHz, and an efficiency of 98 dB (2.83 V/1 m). Thanks to the high impedance of this tweeter, the ‘power driver’ can be built with two small signal transistors from the BC series. A 56-Ohm series resistor, R13, is added to make the output driver short-circuit resistant. Because the circuit is to be fitted in the engine compartment, it is convenient to power it from the car battery. Low energy consumption is, therefore, a major design consideration. To keep the load on the battery as small as possible, the deterrent automatically switches itself on and off. The ‘on’ period lasts 1 minute, the ‘off’ period, two minutes. This pulse/pause ratio is ensured by IC3, a 555 timer, which is wired as an astable multivibrator. Unlike the rest of the circuit, it is permanently connected to the car battery. As long as the output of IC3 is high, transistor T3 conducts. Consequently, IC1, IC2 and the output driver are powered via the collector-emitter junction of T3. During the ‘off’ period, T3 is off, and effectively breaks the ground connection of the rest of the circuit. The rodent deterrent is then switched off for about 2 minutes, until T3 conducts again. A few components are included in the circuit for electrical protection. F1 is a 200-mA fuse which protects the car battery in the event of a short-circuit in the deterrent. Diodes D1 and D2 protect the circuit against polarity reversal of the battery voltage. Finally, C1, R17 and C8 suppress noise and voltage surges on the battery voltage. 
Construction 

The design of a printed circuit board for the rodent deterrent is given in Fig. 2. Unfortunately, this board is not available ready-made through the Readers Services, so you have to make it yourself. The circuit is housed in a compact enclosure with a size of about 80x80x55 mm, which should fit in the engine compartment of almost any car. Start the construction by fitting the wire links on the board. Next, mount the passive parts and the PCB terminal block. The last parts to be fitted are the integrated circuits. IC sockets are not strictly necessary. Take the measurements of the tweeter you intend to use, and cut a clearance in the case to secure it. Drill a hole for the rubber grommet which passes the wiring. Next, mount the completed PCB into the case, and connect it to the loudspeaker wires. To prevent moisture entering the case, the supply wires should pass through a grommet. The cover of the case, too, should be securely fitted and made water-resistant by inserting a rubber gasket. The circuit should be connected to the part of the electrical system which always carries the battery voltage (unswitched 12 V). Suitable connection points may be found on the cigarette lighter or the connection block for the car radio. 
Other applications 

As already mentioned, the circuit is primarily designed to keep stone martens out of the engine compartment. In practice, the circuit is also suitable for other animals. Owners of a sandpit will be pleased to know that the present deterrent is a perfect way to prevent cats and dogs from fouling the sand. Mice, rats, ants, cockroaches and fleas also keep out of areas guarded by the present circuit, which goes to show that there are environmentally safe alternatives to chemical and/or bloody warfare on these animals. 

