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INTRODUCTION

BACKGROUND

SPEEDOMETER AND ODOMETER

An odometer is connected to the speedometer and measures the distance a vehicle has traveled. This document describes a new and novel means of counting the number of times a wheel or other object rotates about a common axis. The method uses reed switches that are opened and closed by magnetic fields. The reed switches toggle an electronic control circuit, which in turn makes one transition from a logic one to a logic zero (negative transition) for each complete rotation of the wheel. A non-resettable counter increments one count for each negative transition received from the control circuit. The accumulated count representing the current total of wheel rotations can be read out over a twisted pair. The method substantially eliminates erroneous counts due to the shocks or vibration normally encountered by a wheel mounted on a vehicle.
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This arrangement means that the contacts of the two reed switches are held in the closed position except for those few degrees of the circular path taken by the rotating magnet that brings it close enough to the reed switch to counter the magnetic field of the bias magnet. This is the exact opposite of the normal operation of reed switches where the contacts remain open except when a magnetic pole crosses one end of the switch. This makes them susceptible to closure from external mechanical forces for all of the 360-degree motion of the rotating magnet less the small angular portion when the magnetic flux is strong enough to close the contacts. Conversely, in the new method, when the opposing magnetic fields cause the contacts of the reed switch to open, they also cause the two contacts of the reed switch to repel each other. This increases the force holding the two contacts apart, which means a stronger external mechanical force would be required to close the contacts when using the new method.

FIGURE 1  A schematic drawing showing the moving magnet rotating about the center axis of the fixed bias magnet. Both magnets are similar and have the same polarity. The two reed switches are mounted radially inline, and equidistant from the central bias magnet.
In the concept, two reed switches are maintained in the closed position by a fixed bias magnet placed midway between the two reeds. The magnetic flux concentrated through the reeds, in combination with the mechanical hysteresis of the contacts, maintains this closure against any mechanical motion of lesser magnitude. A second magnet, having the same pole orientation, is mounted such that it rotates around the two reed switches as shown in Figure 1. When this rotating magnet passes close to a reed, its magnetic field, being of the same polarity, opposes the field of the bias magnet. If the magnetic flux of this magnet as seen by the reed switch is at least equal to that seen from the bias magnet, the two fields cancel, opening the reed contacts.

In practice, to insure reliable operation, good engineering practice would have the flux from the rotating magnet seen by the reeds to be greater than that seen from the bias magnet. This has the effect of increasing the effective range to which the reed contacts respond. If the flux from the rotating magnet is increased substantially above that of the bias magnet, the reed contacts open as the magnet moves within range, close again when the stronger field overpowers the bias magnet and reclose the contacts, opens a second time and finally recloses as the rotating magnet retreats far enough from the reed.
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As shown in Figure 2, the reed switches are connected to the inputs of an R-S flip-flop constructed with two NOR gates. A pull-up resistor is also connected to the same point, which insures a logic one at the gate output whenever the reed switch opens. The R-S flip-flop only responds the first time the reed switch opens and ignores any additional closures or openings at the same input until the other reed switch opens. This required alternate sequencing of the reed switches strip any contact bounce or multiple closures due to the difference in the strength of the magnetic flux of the two magnets from the sensor. The output of the R-S flip-flop is a squarewave whose period is equal to the time it takes the wheel to rotate one full revolution. This signal may be directly connected to the counter, or ac coupled with a capacitor as shown to reduce dc power consumption. The values of the resistors are chosen primarily on the basis of power consumption and time constant and are not critical.

Figure 2  Each reed switch operates one input of an R-S flip-flop. The bias magnet holds them closed until the rotating magnet passes close enough to cancel the magnet fields in the reed and allow it to open. Both must open in alternate sequence to make one logic transition at the DS2423 input.
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MEASURING TEMPERATURES WITH A 1-WIRE

Figure 3  Temperature sensors such as the DS18B20 may be located at various points within the passenger compartment and addressed individually.

MEASURING HIGH TEMPERATURES WITH A 1-WIRE THERMOCOUPLE

The schematic in Figure 3 illustrates both the simplicity and ease with which a DS2760 can be used to convert a standard thermocouple into a smart sensor with multi-drop capability. In the circuit, C1 and one of the Schottky diodes in CR1 form a half wave rectifier that provides power for the DS2760 by ‘stealing’ it from the bus during idle communication periods when the bus is at 5V. This is a discrete implementation of the parasite power technique used internally by 1-Wire devices to provide their own operating power. The remaining Schottky diode in the package is connected across DATA and GND and provides circuit protection by restricting signal excursions that go below ground to about minus four tenths of a volt. Without this diode, negative signal excursions on the bus can forward bias the parasitic substrate diode of the DS2760 chip and interfere with the proper function of the chip. Under bus master control U1 the DS2760, monitors the voltage developed between the hot and cold junctions of the thermocouple as well as measuring the temperature of the cold junction with its internal temperature sensor. The master uses this information to calculate the actual temperature at the hot junction of the thermocouple. By adding the optional resistor (R1), the voltage available at Vdd may also be measured. This can be useful in trouble-shooting to verify that the voltage available on the 1-Wire net is within acceptable limits.
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When mounting the thermocouple to the board, it should be connected as close to the DS2760 as practical so minimal temperature difference exists between this connection and the chip inside the DS2760 package. To maintain the junctions at the same temperature use copper pour and lead placement to create an isothermal area in and around the point where the thermocouple leads attach to the copper traces of the PCB. Keeping in mind that temperature differentials generate voltage differentials, route the PCB traces together and maintain equal numbers of junctions on each conductor.

FIGURE 4 The 1-Wire thermocouple. The output from the thermocouple is digitized by a 12-bit plus sign ADC. An on-chip 13-bit temperature sensor provides cold junction compensation. CR1 and C1 provide power for the sensor. R1 allows reading the value of Vdd.

CHECKING DOOR, TRUNK AND HOOD CLOSURE

[image: image6.wmf]
Figure 5  A DS2406 Dual Addressable switch allows the status of doors, trunk and hood to be confirmed electronically.

CHECKING FOR BURNT OUT LAMPS
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Figure 6  By adding a sense resistor to each lamp return circuit , they can be electronically checked to verify.

MEASURING AMBIENT ILLUMINATION LEVEL

The amount of sunlight and its duration are additional parameters that meteorologists and horticulturists are interested in measuring. The amount is a measure of air and sky conditions, while duration is related to the equinoxes and the length of the day. Although the mechanics of mounting and filtering tend to be complex, as shown in the following two examples, the electronics can be easily implemented to form a DS2438 based ADI. Figure 7 illustrates a solar radiance sensor using a photodiode. In each case a dual-diode BAT54S serves to protect the circuitry from signals that go below ground, and with C1, to provide a local source of power.
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Figure 7  An ADI solar radiance sensor using a photodiode. Mechanically, an optical filter is normally provided.

In Figure 7 a sense resistor is connected in series with a photodiode and between the two ‘current’ ADC pins. Light striking the photodiode generates photocurrents that in turn develop a voltage drop across the sense resistor that is read by the ADC. In commercial units, optical filters are typically added to match the wavelength and bandpass to the human eye response (the CIE or photoptic curve). More sophisticated units add other desirable features such as a translucent hemisphere that collects light to enable the sensor to view the sky from horizon to horizon. In this case, the sensor actually focuses on the inside of the hemisphere to obtain its reading.[1]
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Figure 8  Manifold Air Pressure can be monitored easily with a DS2438 and MPXA4115. 

COMFORT LEVEL
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In addition to temperature, humidity affects the comfort level of driver and passengers within the vehicle. By adding a humidity sensor to the 1-Wire net running throughout the vehicle, control of the air conditioning system can be enhanced. Reducing the level of humidity not only improves comfort, it reduces deterioration of materials within the passenger compartment thereby extending the life of the vehicle.

Figure 9  A humidity sensor is easily assembled by adding a sensing element to a 1-Wire ADC such as the DS2438.

SUMMARY
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