Experiment’s title:  The Optical Tachogenerator         AMEM 211
 I. Objectives

· To investigate an opto-transmissive sensor for speed measurement.

· To produce a calibration graph of rotary speed against input voltage.

· To Identify sources of errors and loss of signal
II. Theory

The Optical Tachogenerator included in the SIS Hardware Module comprises an LED and phototransistor mounted either side of a perforated disc. The perforations comprise a series of slots in the disc, arranged to provide a four-bit Gray scale, but we only use the Least Significant Bit (LSB) in this experiment.

The disc is mounted on a shaft driven by a variable speed D.C. motor and is free to rotate between the LED/phototransistor pair. A white mark on the edge of the disc provides a reference point for the disc position.

There are in fact four LED/phototransistor pairs, one pair for each of the rows of concentric slots. Any of the LED/phototransistor pairs could be used as the optical tachogenerator but for the procedures given for this experiment we will use the outermost pair, which align with the outer series of slots.
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Figure 1: Optical disc layout
The layout of the disc is shown in Figure 1. The light areas being the slots through which light can pass from one side to the other. Note that there are four slots in the outer series, all the same size and equally spaced. Also, the gap between each of the slots is the same size as the slots themselves.

The LED and phototransistor are arranged electrically as shown in Figure 2.

When a slot in the disc coincides with the LED/phototransistor, light passes through the disc from the LED to the phototransistor and this causes the transistor to conduct, producing a lowering of the output voltage, Vout.
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Figure 2:  Schematic arrangement of the LED and phototransistor
When the slot has moved on, light is prevented from reaching the phototransistor and so its output will increase due to the reduced level of conduction. Hence, when the disc is rotated the level of light reaching the phototransistor alternates between high and low, giving a corresponding change in the output voltage.

Since the rate of change of the output signal state will vary with shaft speed, the frequency of the output from the phototransistor may be used as a measure of the disc's speed of rotation.

The object of this experiment is to investigate the use of an optical tachogenerator, using an opto-transmissive technique, for the measurement of rotational speed

III. Experimental Work

Part A: The Photo Transmissive System -1

Before starting this experiment take a few moments to have a close look at the disc. Be certain that the layout of the slots is the same as that shown in Figure 1 and that the four pairs of LED's/phototransistors are aligned with each set of slots.

Make the connection shown in Figure 3 using one of the patching leads supplied. Confirm that this circuit is the same as the one shown schematically in Figure 2.

Set the current flowing through the LED to mid-position (12 o'clock) by rotating the current control located in the Power Supply Section of the front panel. Rotate the disc manually until the white indexing mark on the edge of the disc is pointing forwards. This can be confirmed by all of the LED's in the Decoder section being seen to be off.

Set the meter switch to read volts (V). Carefully rotate the disc clockwise (as viewed from the left-hand side of the Hardware Module) through 360° until the G0 LED illuminates. Ignore all other LED's.
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Figure 3 Connection diagram for the photo transmissive system
In Table 1 record whether a slot or solid part of the disc is adjacent to the LED/phototransistor, the illumination state of the G0 LED, and also the indicated meter voltage. Continue to rotate the disc in the same direction and take readings at each change in the illumination state of the G0 LED.

Repeat the procedure to complete the table and the indexing mark is once more facing forward. This represents one complete revolution of the disc, 360°

	Disc position
	Slot or solid
	G0 LED (On/Off)
	Output (V)

	1 (Index)
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9 (Index)
	
	
	


                                Table 1: Results
Comment on your results. Are these results what you would have expected? Is the output signal high or low when a slot aligns with the LED/phototransistor? How many cycles of change have occurred, On/Off, in one complete revolution?

From your results, determine the frequency of output signal for a given speed of rotation.

Part B: The Photo Transmissive System - 2
In this part of the experiment we use an alternative source of signal to measure the output frequency from the optical tachometer. This is the LSB of a four-bit binary signal, B0. This is in fact, derived by the Gray-to-Binary converter in the Decoder section. This conversion is described in Experiment 10. For now just consider it as a signal which is affected by changes in the position of the disc.

Set the motor drive control switch to O. Change the connection to the meter to give the circuit shown in Figure 4.

Set the motor drive control switch to 1. Repeat the procedure given in Part A, with the exception of using changes to the state of the B0 LED (not G0) to complete Table 2.

	Disc Position
	Slot or Solid
	B0 LED (On/Off)
	Output (V)

	1 (Index)
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9
	
	
	

	10
	
	
	

	11
	
	
	

	12
	
	
	

	13
	
	
	

	14
	
	
	

	15
	
	
	

	16
	
	
	

	17 (Index)
	
	
	


                           Table 2: Results
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Figure 4:  Connection diagram for photo transmissive system

Compare the results with those obtained in Part A using the same criteria, including determination of the output frequency for a given speed of rotation. From your results and observations complete Table 3 by calculating the frequency of the optical tachometer output signal, at B0, for the indicated speeds.

Plot a calibration graph of output frequency against speed of rotation in the range of
0 to 2000 rev/min.

	Speed (Rev/min)
	Frequency (Hz)

	0
	

	200
	

	400
	

	600
	

	800
	

	1000
	

	1200
	

	1400
	

	1600
	

	1800
	

	2000
	


                             Table 3: Results
Comment on the results obtained and the calibration graph produced.

Part C: The Motor Speed Characteristic
In this part of the experiment we will use the calibration graph produced in Part B to investigate the speed characteristics of the D.C. motor driving the shaft assembly.

Set the motor drive control switch to O. Use the patching leads supplied to connect the circuit as shown in Figure 5.

Set the motor drive control switch to 1. Starting with the Ref2 control fully anticlockwise, rotate the control clockwise in steps as indicated in Table 4 and record the corresponding values of frequency and motor input voltage. It will be necessary to use the meter toggle switch to obtain the voltage and frequency readings. Calculate the speed of rotation for each frequency to complete the table.

	Input voltage (V)
	Frequency (Hz)
	Speed (Rev/min)

	-5.0
	
	

	–4.5
	
	

	–4.0
	
	

	-3.5
	
	

	-3.0
	
	

	-2.5
	
	

	-2.0
	
	

	-1.5
	
	

	-1.0
	
	

	-0.5
	
	

	0.0
	
	

	0.5
	
	

	1.0
	
	

	1.5
	
	

	2.0
	
	

	2.5
	
	

	3.0
	
	

	3.5
	
	

	4.0
	
	

	4.5
	
	

	5.0
	
	


                             Table 4: Results
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Figure 5:  Connection diagram for the motor speed characteristics
Plot a graph of motor input voltage against motor speed. Comment on the results obtained.

Report: 

Use the results obtained and observations made in this experiment, to write a report on the use of the optical tachogenerator for measuring rotary speed. Include any theory you feel supports the comments and conclusions you give.







PAGE  
7

_1266309444.bin

