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Introduction:


There are three parts to this project. The first part determines the characteristics of a photosensitive resistor. By moving a light source to vary the intensity of light striking the resistor we could measure the resulting resistance values. The next part of the lab looked at generating speed and voltage data for a simple DC motor. The final project required us to use the photoresistor and motor, plus another component of our choosing, and build a working circuit. 

Theory:
A photo resistor acts just like a potentiometer in a circuit. The only difference is there is always some value of resistance and it is changed by light rather than displacement. When the resistance is plotted against luminous intensity, an exponential function results where the resistance is very high with low light and less with brighter light. If both scales on this graph are converted from linear to logarithm, then the plot is a straight line.  When we put two resistors in parallel the resulting resistance should be half as much with equal light. The photoresistor is treated just like a normal resistor in a circuit and follows all the same rules.

A DC motor is an electro-mechanical transducer. In a circuit we have to look at its inherent resistance as well as the back e.m.f. from the spinning armature. The back e.m.f. is proportional to motor speed.  The motor torque is proportional to the current flow in the motor. The resulting formula arises from combining the relationships:


[image: image2.wmf]T

K

R

K

V

÷

ø

ö

ç

è

æ

-

÷

ø

ö

ç

è

æ

=

2

w

 

where R is the internal resistance and K is a proportionality constant. If torque is constant with this model, then we see the linear relationship of the speed to voltage. Torque is never zero and is not a constant because of the friction involved. If we plot speed against voltage, we can generate an equation where the slop gives the inverse of K and the y-intercept gives a relationship for torque. Due to the non-linearity of the torque on the motor, especially at higher speeds, the graphs will only give an idea of the motor specifications and loading. For simplicity, however, we can say “no-load” conditions mean there is no torque. The speed is then directly proportional to the applied voltage with a zero intercept.

The last part of the project is to design and build a circuit to incorporate the motor and photoresistor. The circuit shown below senses the light level and turns the motor on after the light level decreases to a certain level.
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Operation is quite simple. The op-amp acts as a comparator and senses differences in voltages. The resistors set up a voltage divider network. One voltage divider is fixed and the other varies from the change in the photoresistor. The normal state is with ambient light creating a lower voltage on the non-inverting input. The op-amp amplifies the input and outputs a negative voltage to the gate of an SCR. Because the Silicone Controlled Rectifier has no current through its gate, the SCR remains off, preventing any current from reaching the motor. Once the voltage divider swings the other way, the op amp gives a positive voltage and kicks on the SCR. Once the SCR conducts it remains conducting until the voltage is removed. The op-amp acts as the switch for the SCR. The high current capabilities of the SCR make it an ideal device for running a motor. 


The theoretical voltages for the voltage divider and op amp are as follows: 

	Location
	Voltage
	Purpose

	Pin 3 (non-inverting)
	2.72
	Establish a reference voltage

	Pin 2 (inverting)
	Variable
	Changes according to light

	Pin 11 (output)
	+/- 3V
	The output triggers the gate of the SCR



The pertinent specifications for the op-amp and SCR show they will work together. The SCR needs at least 25mA to for the gate to turn on and the op-amp output current is rated for a steady state of 30mA. This means the op-amp has low enough impedance to forward bias the SCR. After the motor is running the op-amp and voltage divider have no influence on the circuit. 

Data and Sample Calculations:
The data from the photoresistor and motor are attached as a spreadsheet. From the spreadsheet we could produce graphs with trend lines. The motor data was split into two parts. The first used a cardboard disk glued to the shaft and the second used a piece of reflective tape wrapped around the shaft. The disjuncture came from the lack of structural integrity of the disk at high speeds. The tape was able to handle the higher speed better.  The theory says the equations should be similar if the torque is negligible. The following equations came from the plots of speed against voltage:

( = 220.94 V + 32.6 and ( = 377.38 V + 92.0

Neither equation looks that great since, by theory, the y intercept should be negative. After looking at the data again and dropping the last four data points from the lower speed set, we generate the following equation: ( = 296 V – 6.5. This seems to be the most accurate equation. That would give a K value for the motor of 0.00338 and a torque of .296 g/cm. The small amount of torque turned the disk and overcame friction. The other equations gave negative values for torque and were disregarded.


The project worked like a charm. No components ever were hot and the SCR always tripped when the photoresistor was covered. Actual voltage measurements showed the voltage divider to be at 2.7 V, as predicted, but the magnitude of the output was less than predicted. This could be because of the load resistor was not connected to ground. By measuring the voltage drop across the output resistor, we could calculate the current through the resistor. When the motor was off the current was negative in direction with a magnitude of 3.36 mA. When the op-amp switched states the SCR only took a 5.0mA gate current to turn on.  This was less than the 25 mA maximum reported on the specification sheet.


There is a hand written calculation scratch pad at the end of the report.

Results:


The photoresistor behaved as predicted. The linearity of the log-log plot coincides with the theory laid out in Boylestad’s text. The resistors in parallel were always half the resistance of a single resistor meaning the two resistors had very similar resistances for the same light intensity. 


The motor was a little tougher to collect accurate data on. The disk worked out well at lower speeds but would start slipping at higher speed giving a flattening effect for the motor speed. We could feel the motor doing work by moving the air with the disk because we could feel a breeze from the cardboard. Once we switched to the tape, there was less torque exerted by the motor but stable readings were very difficult. The speed gun would jump by the hundreds of revolutions per minute when trying to take readings. As a motor spins faster, more induction occurs and could also skew the readings. The motor was also not of very high quality and thus its inherent irregularities could scatter data. Overall, we could see a linear relationship between the motor speed and voltage applied.


The SCR in the project circuit was not covered in class. The rating on the rectifier was 8A which was never approached. A normal battery has internal resistance and cannot exceed a certain current. The op-amp worked as a comparator and since the gain was very high the difference was exaggerated and only two states existed at the output. The negative voltages and back e.m.f. gave some funny gate voltages and currents once the system was running. There was a 1.2 V drop across the SCR which coincides with two pn junctions. 

Conclusion:

Incorporation a motor into a circuit is harder than it seems. Since the motor acts as a virtual short, anything with much resistance placed in series with it will drop all the voltage and the motor won’t work. The photoresistor has a broad range of resistances and is easily incorporated into a voltage divider network. The motor on the other hand has a lot of irregularities to make simple, accurate models. The goal of the circuit was to turn the motor on based on the absence of light. We met the design criteria.

List of Equipment Used:

741 Op-Amp

Assorted resistors 

SCR

Motor

Photoresistor

Multimeter

References:
In class dc motor handout

www.radioshack.com
Silicon Controlled Rectifier

(276-1067)                 Specifications             Faxback Doc. # 31793

Output: ................................................. 200 Volt, 8 Amps

Peak Forward Surge Current: ...................................... 90 Amps

Forward Current RMS: ......................................... 8 Amps Peak

Non Repetitive Peak Reverse Voltage: ........................... 300 Volts

Peak on State Voltage: ........................................ 1.83 Volts

Gate Trigger Current IGT: .......................................... 25 mA

VTM @ 25 Degrees C., 6 Amp: ............................... 2.0 Volts Max.

IDRM, IRRM @ 25 Degrees C., 50 Volts: ......................... 10 uA Max.

IHO @ 25 Degrees C.: .......................................... 50 mA Max.

IGT @ 25 Degrees C.(Max.): ........................................ 100 MA

                   (Min.): ........................................ 0.5 MA

Specifications are typical; individual units might vary.  Specifications

are subject to change and improvement without notice.
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