0.0  INTRODUCTION


	This paper is a detailed design and development document which outlines a control system.  The control system will turn on and off a cooling fan at a defined temperature.  The purpose of such a control system is to attempt to maintain a group of car audio amplifiers at a reasonable operating temperature.  Normally the amplifiers are able to maintain this reasonable temperature because of the large cooling fins that are designed into the body of the amplifier, provided the amplifiers are mounted vertically (referring to fin orientation), which allows natural convection to take away the heat generated.  Further, the amplifiers must not be enclosed in a box.  The problem with mounting amplifiers so that they can naturally cool is really a security issue.  If the amplifiers are mounted in this manner (not enclosed in a box), it is likely that they will be viewed from the outside of the car (depending on style), which increases the chance of theft.  The solution to the security issue is to enclose the amplifiers in a box that is integrated and mounted to the interior of the vehicle (Figure 1).  The outstanding problem then is the cooling issue, which is the topic of this paper.
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1.0  DESCRIPTION


	The control system is a 12 Volt circuit that compares a reference voltage (Vref) to a temperature dependent voltage (Vtemp).  Vtemp is obtained by the use of a thermistor (which is a thermally sensitive resistor) mounted on the surface of the amplifier.  There are two basic types of thermistor, PTC and NTC.  A PTC (Positive Temperature Coefficient) will increase resistance with an increase in temperature, and the NTC (Negative Temperature Coefficient) will decrease resistance with the increase of temperature.  The comparison of these two voltages is achieved through the use of an OP Amp.  When Vtemp exceeds Vref there will be a “high” on the output pin, which is connected to a switching transistor.  When the transistor is switched, the 12 Volts are allowed to drop across the fan causing, the fan to activate.  When Vtemp is less than Vref, there is a “low” out of the output pin, the transistor will not switch, and the fan will remain off.


2.0  DESIGN


The circuit consists of a 15-turn potentiometer (0 to 10 k() and a 22.0 k( resistor in series, which is paralleled with a series combination of the thermistor and a 5.1 k( resistor.  There are also two resistors in series that drop the voltage of the output pin from the OP Amp to a level that does not exceed the BVBEO (Emitter to Base Voltage) of the transistor.  Vref  is obtained between the potentiometer and the 22.0 k( resistor, and Vtemp is obtained between the thermistor and the 5.1 k( resistor.  The OP Amp used is an LM 741 CN and the switching transistor is a PN 2222.  The thermistor is a surface mount style, with a resistance of about 10 k( at 25 oC, and approximately 2.1 k( at 65 oC (see Appendix A for graph).  The design temperature to turn on the fan is 62.5 oC, with a target range between 60 and 65 oC.  The design temperature was selected knowing that the amplifiers have a thermal protection circuit which goes into effect at 85 oC.  The resistor values selected were based on the thermistor value which was available, the design temperature, and the intention of allowing very little current to flow when the fan is not active.  The circuit is shown in Figure 2. 
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3.0  ANALYSIS


	When the fan is off and the thermistor at room temperature (25 oC ), the total resistance of the circuit is a calculated 9.94 k( (measured is 9.78 k() .  With this resistance, the current drain can be calculated using a voltage differential of about 13 volts (typical for a car battery).  The current is calculated to be about 1.3 mA (measured is 2.0 mA).  The fan draws up to 80.0 mA (measured is about 57.1 mA) by itself, so the total calculated value (with fan on) would be the sum of these two values, or about 81.3 mA.  When using the measured current through the fan and the measured value of the circuit (excluding the fan), the sum of the currents is 59.1 mA (measured total value is about 58 mA).  The output of the OP Amp chip is about 12.75 volts when high and about 1.3 volts when low.  Both of these values exceed the rated values for the selected transistor, so a voltage divider is necessary from the output pin of the OP Amp.  I selected a 22.0 k( resistor in series with a 9.1 k( resistor, so roughly 71 % of the voltage is lost over the first voltage drop.  This high value then becomes about 3.73 volts, which is well under the 6 volts (emitter to base ) defined by the manufacturer.  The low is also well under the estimated 0.7 volt switching voltage; the low value becomes 0.4 volts.  The cooling fan that was used for the development of the circuit is not the fan that will be used in the application.  This smaller fan used was selected because a heat sink (simulating the audio amplifier) was easily attached to the fan for demonstration purposes.  The actual fan that will be used is 12 volts, 160 mA, with a flow rate of  27 cubic feet per minute (cfm).  The volume of the enclosure box is about 1 cubic foot, so roughly 27 air exchanges per minute will be achieved.  The larger fan draws about twice the current the demonstration fan does, but the current is still well under the rated value of current allowed by the transistor (0.6 A).  The only modification necessary to use this control system is to simply attach the thermistor to the amplifier and connect the larger fan. 


4.0  CONCLUSION


	The circuit does what it is supposed to.  The potentiometer adds some real flexibility to the circuit, which allows for “tweaking.”  All of the components are well within their rated values of operation.  The calculated values match very closely to the measured values. 
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