WINCH IN A PINCH
TEACHER NOTES

Overview
A truck is stuck in the mud and needs to be pulled out by an electric winch. To simulate this in the classroom, you will use the Pointer/Power Pulley as the “winch” along with a small toy truck pulled by a string. You the facilitator will operate the Power Pulley with the program WINCH. This program utilizes the drive program POIPIVST that allows the user to run the stepper motor in “step” increments. See more about the WINCH program on page 2. 

Students will first be given a distance (in cm) to pull the truck. Using only the gear diagram (gear box for 010 motor.pdf ) they will have to figure out the number of steps the motor will need to run to do the job. Finally, to control the winch in a more practical way, students will be asked to create a formula/function that will convert the distance D (cm) they want the truck to move into steps S. 

Goal of the Activity

· To understand ratios & proportions

· To understand the utility of a variable in algebra.

· To understand direct variation

· To construct a function with an input and an output that can be used to automate a mechanical system.

· To understand a function as a dynamic relationship between two variables.

· To better understand measurement and measurement error.

Standards 

NCTM Standards (9-12 expectations)

Understand patterns, relations, and functions
--
generalize patterns using explicitly defined and recursively defined functions
Represent and analyze mathematical situations and structures using algebraic symbols

--
use symbolic algebra to represent and explain mathematical relationships

--
use symbolic expressions, including iterative and recursive forms, to represent relationships arising from various contexts

AMATYC Content Standards (2-year college)
C-2 Symbolism & Algebra

--Students will translate problem situations into their own symbolic representation and use those representations to solve problems.

C-4 Function

--Students will demonstrate understanding of the content of function by several means and incorporate it into their use of mathematics.
Equipment/Software Needed

Calculator-controlled Pointer, CBL/LabPro, TI-83/84 Graphing Calculator, large clamp to secure motor to table, 3 foot or longer elevated ramp to pull truck,  3 inch pulley wheel attached to motor*, thread or fishing line**, toy truck, measuring tape. 

* You may use any size wheel that will do the job and attach to the ¼ inch motor shaft on the Pointer/Power Pulley’s motor. If you use another size, make sure you make all the necessary adjustments to the calculations to follow.
**Thread or a fine braided fishing line would work. Whatever you use should not add significantly to the diameter of the wheel as it is being wound around it. This will make sure that error is kept at a minimum. 
Programs: WINCH, POIPIVST, DCUINIT, & list LPOI
Activity Set Up

To keep error to a minimum**, use just enough thread or fishing line around the pulley to allow the truck to reach the bottom of the ramp. You will need to clamp the motor to the table. If the clamp is metal as the one shown in the picture, you might want to use a small soft pad to protect the motor box. Connect the LabPro to the Pointer/Power Pulley with a digital cable. An extension cord may be needed to reach to a nearby outlet. 

Make sure that the pulleys on the stand line up with the pulley on the motor box.

Run the POISETUP program to configure the calculator to the motor and set the default speeds. There are several motors that are available for your Pointer/Power Pulley. The standard motor for is the Hurst® Model SAS P/N 4004-010. This activity is written to work also with the SAS P/N 4004-014. The 014 has no advantage over the 010 other than it is a little faster and it’s gear box is a little less complicated, having only 3 gears instead of 4. The 014 motor is the same motor that is used for the SAM robot. Depending on which one you have, it will be important to give the students the correct diagram for the gear box (gear box for 010 motor.pdf  or gear box for 014 motor.pdf )
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You may use any unit of measure for distance you want. The ramp should be made with a measuring stick/tape along side to determine how far the truck travels up the ramp. In the picture you can see that we used centimeter tape. Our wheel is 3 inches in diameter and our students will have to convert this to metric. If you decide to uses inches you will need to edit the Participant handout to reflect that.
Load the calculator programs.
Instructions for the program WINCH :
The Pointer/Power Pulley (Our “winch”) is primarily a calculator controlled stepper motor. To control the motor, the WINCH program inputs a value for S and then makes the motor turn that number of steps. WINCH will also allow the user to input a formula that calculates S automatically given an inputted distance D.   

Run the TI-83 program WINCH.  The menu of this program will give you the following choices:
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1) ENTER STEPS    Selecting this, the program WINCH will prompt the user to input the number of steps he/she wants the motor to turn. The calculator/LabPro will then run the motor. 


Note: Students can create their function easily by observing how far the truck travels for an inputted value for S. This of course would defeat the purpose of the activity. If this comes up, I congratulate the students for this observation but say that we are pretending that we are in a situation that doesn’t allow us to run the motor this way.  
2) AUTOMATIC  The Program WINCH will input the distance (in cm) the user wants the truck to move and then, using a function you supply, automatically calculate the required steps  to run the motor.   NOTE: This option needs a function to calculate the steps (see 3 below).

3) ENTER FUNCTION   This is where you will enter the student’s function to calculate the number of steps S given the distance D. When prompted, type S = and then an expression involving the variable D. (see 3rd calculator screen above)

NOTE: The function is actually stored under Y0 in the calculator’s function editor.
4) EXIT   Exit the program.

Pre-activity Discussion

It would be appropriate to have a discussion of functions and how they play such an important role in the applications of algebra. For example, so many things in today’s world are operated or controlled by computers. Computers run on programs (software) that use variables and functions (relationships between variables). In this activity you will begin to understand how this is done.  
Explain to the students that the Pointer/Power Pulley uses stepper motors. Stepper motors turn in “step” increments. Allow the students to gently turn the wheel with their hands and feel the “clicks” the motor makes. The calculator program WINCH is being used to control the motor. Enter another value for S and have them watch the wheel turn S “clicks”.

Now with every thing attached give them a short demonstration of the motor pulling the truck up the ramp. (Use option 1: ENTER STEPS in the program menu to enter a value for the number of steps. For example: 500 or 1000). 

Although this program gives the user control of the motors it would be better in this situation to control the truck’s movement by inputting distance rather than steps. However, since the stepper motors operate in steps, a function is needed to convert distance to steps.  There are several ways that can be done. One way may be to just enter a value for S and see how far the truck moves. If we can assume the relationship is linear (and a direct proportion) it would be fairly simple to construct our function. However, in this activity you will have to construct your function based on other information. Have them look at the gear box diagram (gear box for 010 motor.pdf ). Point out that the 12-tooth drive gear on the motor turn’s one complete revolution in 48 steps. Starting here, it will be their job to construct a function that will input D the distance they want the truck to move and output S the number of steps the motor needs to turn to accomplish it. 

Facilitating the Activity
Break the students into small groups and have them read the activity and look at the gear diagram. (You might consider giving each group a calculator complete with programs. If you demonstrate how the functions are entered, they can prepare their own calculator to plug into the CBL/LabPro. It will then be the “brain” that controls the winch.)  

Allow them to discover for themselves that the wheel size will also be important and the diameter will need to be measured. 

When they are ready, help the student’s enter their function into the calculator (option 2: AUTOMATIC) and verify that it works. Run this option several times while reminding them that whatever value is inputted into D, it is their function (relationship between D and S) that is computing the output S so that the motors turn the correct number of steps. D and S are variables and are changing but the functional relationship between them is the same. 
The solutions to both the 010 & 014 motors are below. Note that they are based on a 3 inch wheel and distance measured in centimeters. Make the appropriate adjustments for whatever you decide works best for you.  

SOLUTION TO 010 (Standard Motor):
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S = 83.55D
SOLUTION TO 014 (Robot Motor):
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S = 20.05D
Post-Activity Discussion

Remind them what the textbook definition of a function is and discuss the concept of an input variable and output variable in the context of operating the pointer. Ask students how the use of algebra was so important in this activity.  

The variables S & D are directly proportional with the constant of proportionality being in steps/cm. 
Group Activity Questions

See Report Forms.

Individual Assessment

The following problems might be used on a quiz or test:

1.
Suppose there is a small battery operated stepper motor cart with the following gears. 
Gear number 1 (the drive gear) is connected to a motor that turns at 100 steps/rev. 
A wheel with diameter 20 cm is attached to gear 2. 

A. How many steps does it take to turn gear 2 one revolution?

B. What is the circumference of the wheel?

C.
How far will the cart travel if gear 1 turns 2500 steps?

2)
Suppose the winch was geared differently than the one we used in this activity and had a different size pulley wheel. Although your calculation values would no longer be valid it would still be true that the variables S & D are directly proportional. If you knew that the truck moved 62 cm after running the motors for 1950 steps find a formula that you could use to automate the program WINCH. 


      

Formula: _________________________

Use this formula to calculate the number of steps it would take to move the truck 14 cm.

3)
The stopping distance D of a car varies directly (or proportionally) to the square of the velocity V. Find a formula that calculates D (output) given V (input). The car took 52 feet to stop when it was traveling at 32 m/h. 




Formula: _________________________

Use this formula to calculate the distance it would take the car to get stopped if it was traveling at 70 m/h.

4)
The stepper motor is also capable of turning at various speeds. Is the speed the motor turns U  directly or indirectly proportional to the time T it takes the truck to move to its stopping point?    

____________________________


If the motor, turning at 40 deg/sec, moves the truck to its stopping point in 20 seconds, what is a formula that will calculate the time T the truck will take given the speed U ? 









Formula: _________________________
Use this formula to calculate the time it would take the truck to get to its stopping point if the motor was turning at 75 deg/sec.

5)
In an electrical circuit with an inductance, the resonant frequency f is inversely proportional to the square root of the capacitance C. If the resonant frequency in a circuit is 25.0 Hz and the capacitance is 95.0
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, what is a formula that would input the capacitance C and output the resonant frequency f ?      

Formula: _________________________
What is the resonant frequency of this circuit if the capacitance is 26.0
[image: image15.wmf]F

m

 ? 

Extending the Activity

N/A

Troubleshooting

If the pointer fails to operate, check all connecting cables. Check to make sure green light is on when box is plugged in. Check to make sure CBL/LabPro batteries are not low. 

Additional Resources

N/A.
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