Introduction to Control Systems
Environmental Controls / Functions
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This activity provides an introduction to the ways in which automated systems transform input data into output actions. Students program a graphing calculator to serve as the “brain” in a variety of control systems. Input data will be collected as automatic measurements of temperature and light levels and the output actions will include sound, motion, and lights. The control principles used here also apply to manufacturing processes, to the operation of automobiles, to space stations, to home heating, to life-support systems in hospitals and to countless other automated control systems.
IMPORTANT CAUTION:

This equipment is only appropriate for controlling low-voltage, low-current DC devices, such as small battery-powered motors, lights or buzzers. NEVER CONNECT THE CIRCUIT TO AC DEVICES OR TO ANY VOLTAGE SOURCE THAT EXCEEDS 12 VOLTS. NEVER ATTEMPT TO CONTROL ANY DC DEVICE WHICH USES MORE THAN 250 mA OF CURRENT.
[image: image4.png]ENDS SIGHAL. 5
OR TIME. T

BLZ2-LABFRO
ENTER> TO START

EHMTER> TO START)



PART 1   BINARY LOGIC
Assemble the calculator, Motor Controller
 and interface (CBL, CBL2 or LabPro) as shown by your instructor. The black link cable connects the calculator and interface. The grey phone-style cable connects the Motor Controller to the “Dig/Sonic” port on the CBL2, the “Dig Out” port on the CBL, or the “Dig/Sonic 1” port on the LabPro. The Motor Controller should be connected to either a 12-VDC, center positive adapter using the plug-in power jack or to a 12-V DC power supply using the 2 screw terminals on the left side of the board.
Run the program, SIGNAL, on the calculator, as follows:
· press the [PRGM] key,

· use the down arrow key to highlight the number of the SIGNAL program from the on-screen menu,

· press the [ENTER] key twice to start.

1) Select the "COUNT 0 TO 15" option and verify that the 4 LEDs on the Motor Controller light in binary sequence. Also note the values during the count which make the red LED light.
2) Select “SET S AND T” and enter the correct values to light only the red LED for 7.5 seconds. Record the values you entered on the Report Form. Be creative in the way you enter “T,” to demonstrate that it can be a calculated value.
Calculators such as the TI-83 and TI-84 can also use logical tests to determin a value such as “S.” Try entering both a true and a false statement for S as indicated below and show the results on the Report Form.
3) Select the "SET S AND T” option and enter a true statement such as “(5=10/2)” for S. (The “=” test is available under the 2nd TEST menu.)

4) Enter a false statement, such as “(5>8)” for S.

5) Select the "SET S AND T” option and enter a true, compound statement such as “(3<9) and (2>-3)” for S. (The “and” test is available under the 2nd TEST / LOGIC menu. Also, be sure to use the negative key to enter “-3”, not the subtraction key.)

6) Select the "SET S AND T” option and enter a false, compound statement such as “(3<9) and (2<-3)” for S.

Introduction to Control Systems
REPORT FORM (Part 1)
NAME(S)  ____________________________________________________________________

1) Record below ALL the integer values from 0 through 15 which cause the red LED to light.

___
___
___
___
___
___
___
___
___
___
___
___
___

2) Record below the integer value which lights ONLY the red LED and also show the creative entry you made for “T” which caused the LED to stay on for 7.5 s.
S =
___

T =
__________________

3) What value for “S” does the calculator find when you enter a true statement such as “(5=10/2)”? Does the red LED light?
S =
___
Does the red LED light? (circle one)    yes    no 

4) What value for “S” does the calculator find when you enter a false statement such as “(5>8)”?

S =
___
Does the red LED light? (circle one)    yes    no 

5) What value for “S” does the calculator find when you enter a true, compound statement such as “(3<9) and (2>-3)”?

S =
___
Does the red LED light? (circle one)    yes    no 

6) What value for “S” does the calculator find when you enter a false, compound statement such as “(3<9) and (2<-3)”?

S =
___
Does the red LED light? (circle one)    yes    no 

Why is this statement “false,” and not “half true”?

PART 2   A BASIC CONTROL SYSTEM
The same logic that works in the SIGNAL program can also be applied automatically within the CONTROL program. In this part of the activity, you are to create a circuit and the necessary control logic to make the fan (or another DC devise) run when the temperature is within a pre-determined range.
Connect the temperature probe to the CH1 analog input port. Connect the output board to the DIG/SONIC port. Connect the 12-V fan with its red wire in one of the two “+” terminals of the Motor Controller and with its black wire in terminal “1” of the Motor Controller. Run the Signal program again and verify that the fan runs whenever the red LED is turned on.

Quit the SIGNAL program and run CONTROL. To begin, select the option for "INPUT ONLY" and hold the temperature probe in different ways (for example in your hand, in the air and in a cup of water) to see how reading changes. When you understand the range of values to expect from the probe, press any key to stop the cycle and select QUIT from the menu to exit the program.

To enter or edit the function which calculates the value at the DIG OUT port, press the [Y=] key while the program is not running and scroll down to the Y9 function.  You can enter either an equation or a logical test, such as "(E>20)". (The parentheses surrounding the logic test are not essential, but they help to be certain how the calculator will evaluate more complex statements.) A logical test such as “(E>20)” yields a value of 1 (which activates the red LED and the fan) when the test is true, and a value of 0 (turning off all the LEDs and anything attached to the control board) when the test is false.

1. Press [2nd][Quit] to exit the function screen and run the CONTROL program again. This time, select the "INPUT + OUTPUT" option, and explore how the probe controls your system’s output. Report the results on the Report Form.
For the steps below, it is important to realize that the calculator will NOT correctly interpret statements such as “(15<E<25)”. Multiple tests such as this should instead be entered using “and” or “or” from the TEST menu. The statement can be entered, for example, as “(15<E) and (E<25)”.

2. Modify the Y9 function so the fan runs when the temperature is low or high for example in the cup of water or in your hand), but not when it has an intermediate value. Record the function you develop and the results on the Report Form.

3. Modify the Y9 function again so the fan runs only when the temperature is in a middle range, not when it is cool (for example, in a cup of water) and not when it is warm (for example, in your hand). Record the function you develop and the results on the Report Form.

4. Modify the Y9 function once more to test how the system behaves with a incorrect format such as “15<E<25”. On the Report Form, record the function you develop and the results.

Introduction to Control Systems
REPORT FORM (Part 2)
NAME(S)  ____________________________________________________________________

1) Show the first logical test you used and describe in words how it functioned to control the fan.

Y9 = _________________________

2) Show the logical test you used to make the fan run only when the temperature is high or low and describe in words how it functioned.
Y9 = _________________________

3) Show the logical test you used to make the fan run only when the temperature is in a middle range and describe in words how it functioned.
Y9 = _________________________

4) Show the incorrect logical test you used to prove that a format such as “15<E<25” does not work correctly with the TI calculators. Describe in words how the system behaves when E is below, above and within the specified limits.
Y9 = _________________________

PART 3   MULTIPLE INPUTS AND MULTIPLE OUTPUTS
The CONTROL program has the ability to monitor all three of the analog inputs on the CBL2 or all four analog inputs on the LabPro. The program uses the “auto identification” feature on Vernier probes, so it can normally report the results in that probe’s standard format (°C for the temperature probe, etc.) The CONTROL program’s output can control all four of the binary bits on the CBL2’s Dig/Sonic port in the form of an integer from 0 to 15. On the LabPro, the program can simultaneously control the output bits on both Dig/Sonic ports, a total of 8 bits designated using a single integer from 0 to 255.

The CONTROL program is very flexible, but as written it has no “logic.” There are no built-in rules or functions to decide what the output should be or how that output should change as the input values change. Human programs must provide that logic. One possible method for adding the required logic is to modify the CONTROL program itself. An alternative method (the one described here) is to place all of the required logic in the calculator’s “Y functions”
CBL2:

	Inputs

CH1, E

CH2, F

CH3, G
	Logic
	Output

Integer, S,  from 0 to 15


LabPro:

	Inputs

CH1, E

CH2, F

CH3, G

CH4, H
	Logic
	Output

Integer, S,  from 0 to 255


The three screens at right illustrate a method for entering complex logic, with up to 4 input variables (E, F, G and H) controlling up to 4 output devices. In this example, function Y1 is used to control binary output 1—the fan or other device connected to terminal 1 of the Motor Controller. As shown at right, Y1 tests to see if E (the input from a temperature probe in channel 1) has exceeded 20°C. If the test in Y1 is true, the value “1” is included in output Y9 which causes the fan to run.
Function Y2 controlls digital output 2. In the example shown, Y2 tests the value of F (the input from the probe attached to channel 2). If the test is true, the value Y1*2 is added to Y9, activating the light or other device attached to output 2 of the Motor Controller.

In a similar way, Y3 controlls digital output 3 by adding the value Y3*4 to Y9. Y4 controlls digital output 4 by adding the value Y4*8 to Y9. Note that Y3 in the example is testing 2 different inputs and that Y4  is set to zero. Any function included in Y9 must be defined with a value, even if that value is simply a zero.
The logic and the functions can be very complex, but one of the goals of good programming is to make things as simple as possible given the design criteria.. The steps below will guide you through an example which controls 2 outputs (the fan and a light) using 2 inputs (temperature and light probes). The goal is a system in which (a) a ventilation fan runs if the temperature is high and the sun is shinning, and (b) the light comes on whenever the sun is not shining. In the next part, you will be responsible for designing and testing a control system.
· Connect the temperature probe to CH1 and the light probe to CH2.

· Connect the fan to operate from output 1 on the Motor Controller.

· Connect the incandescent lightbulb to operate from output 2 on the Motor Controller.

· On your calculator, define function Y9 as shown in the example above, with

Y9=Y1+Y4*2+Y4*4+Y4*8
· On your calculator, define function Y1 to control the fan, using a statement in this format.

Y1=(E>20) and (F>.2)

Depending on which light probe you are using, your criterion level for F may be very different.

· On your calculator, define function Y2 to control the light blub, using a statement in this format.

Y2=(F<.2)

· On your calculator, define functions Y3 and Y4 to be zero, since outputs 3 and 4 are not used in this system.

· Exit the function editor and run CONTROL. Select “Change Inputs” and specify that you are now using 2 input variables.

· Select “Input and Output” and test the system to see if it performs as specified above. Record the results of your tests on the Report Form. If necessary, modify your control logic so that the system does perform as specified.

Introduction to Control Systems
REPORT FORM (Part 3)
NAME(S)  ____________________________________________________________________

1) In your test, what were the physical conditions under which the fan should run? (You answer might be in a format such as, “With the temperature probe in hot water.”)

2) Did the fan operate satisfactorily when the criteria specified that it should operate?

3) In your test, what were the physical conditions under which the fan should not run?

4) Did the fan shut down satisfactorily when the criteria specified that it should shut down?

5) In your test, what were the physical conditions under which the light bulb should operate?

6) Did the light bulb come on satisfactorily when the criteria specified that it should?

7) In your test, what were the physical conditions under which the light bulb should not be lit?

8) Did the light bulb turn off satisfactorily when the criteria specified that it should turn off?

PART 4   DESIGNING AND TESTING A CONTROL SYSTEM
Design and test an automatic control system which satisfies the following criteria.

· The system should monitor temperature and light level.

· The system should control a fan, 2 light bulbs and a buzzer.

· The ventilation fan should operate whenever the temperature is outside a specified comfort range, either falling below 17 °C or rising above 23 °C.

· One bulb should illuminate when sunlight drops moderately. (Select a specific criterion, based on your equipment and test environment.)

· Both bulbs should illuminate when sunlight drops to a very low level.

· The alarm buzzer should sound if temperature exceeds 26 °C while one or both light bulbs are lit.
Define the Y functions which will make your system perform as specified. Enter the functions into your calculator and on the Report Form.

Test your system, and record specific evidence that it satisfied all of the criteria listed above.

Introduction to Control Systems
REPORT FORM (Part 4)
NAME(S)  ____________________________________________________________________

1) Record below the Y functions you used.

Y1=____________________________________________________________

Y2=____________________________________________________________

Y3=____________________________________________________________

Y4=____________________________________________________________

Y9=____________________________________________________________

2) Describe the test you performed to verify that the ventilation fan operates correctly.

3) What were the results of your test of the ventilation fan?

4) Describe the test you performed to verify that the 2 light bulbs operate correctly.

5) What were the results of your test of the light bulbs?

6) Describe the test you performed to verify that the buzzer operates correctly.

7) What were the results of your test of the buzzer?
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� The emphasis here is on open-loop control systems—systems without feedback. Closed-loop systems are the subject of 2 other activities in this series, In the Right Place and Lighting.


� You might substitute the Binary Basic Trainer for the Motor Controller.
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