CEE102 – Engineering in the Modern World



    Fall 2001

Machines Lab – Rating Motors with the Prony Brake

Purpose:


The purpose of this experiment is to determine the maximum power output of several motors.  

History & Concept: 
 A dynamometer is a device used for measuring the power transmitted by a rotating shaft.  The Prony Brake is an early dynamometer developed by Prony in the early 1800’s.  It is composed of brake blocks that press against the rotating wheel attached to the motor.  These blocks create a friction force, or Traction force T, that slows the velocity (V) of the wheel.  As Power is the product of traction and velocity, when these quantities are measured, the power delivered by the motor can be calculated.   

James Francis used a version of the Prony Brake to measure the power output of his Tremont Turbine (see The Innovators, pages 83-89).  He, like we will, applied several Traction forces and measured the corresponding velocity of the wheel.  He then calculated the Power output of the turbine (P = TV) at these velocities and determined the velocity at which the turbine was most efficient – the velocity at which the turbine delivered the greatest Pout.


We will use Francis’ method and a variation of the original Prony Brake to determine the maximum power output of two motors.

Background: 


Power = Traction Force * Velocity = T * V

(1)


Where:

V= tangential velocity of the rotating object (distance/time)  

Units:  ft/sec, miles/hour, etc.

T= traction force = force applied at the surface of the rotating

 object   Units:  lbf

The experimental set-up is shown in Figure 1.  The traction force will be applied to the pulley by a kevlar rope.  As the post is moved away from the motor, the rope tightens and the traction force will increase.

Figure 1:  Prony Brake Experimental Set-up
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The top and bottom force sensors will be used to measure the traction force.  The total Traction Force T on the pulley is equal to the difference between the top force sensor reading and the bottom force sensor reading (see Figure 2).


T = Ttop – Tbottom
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Figure 2:  Total Traction Force Diagram


The velocity of the rotating pulley will be measured by using a photogate and plastic wheel (shown as a metal plate in Figures 1 & 2).  The photogate will measure the angular velocity of the spinning plate and, therefore, the angular velocity of the wheel. 

Angular velocity, ( (radians/sec), is a measure of how fast something is rotating.  It can be converted into tangential velocity, V, by multiplying it by the radius, r, of the rotating wheel:


V = ( r 


(2)
Equation (2) comes from the following:

( is angular velocity with units as radians/sec  


There are 2( radians in one revolution (2( radians/ 1 rev)

Therefore, (/2( gives velocity in rev/sec

There are 2(r feet in one revolution (2(r feet/ 1 rev)

Therefore, (/2( * 2(r gives the velocity in feet / sec.

As the 2( ‘s cancel out, we are left with V = (r in feet/sec


Your job is to measure the velocity of the pulley under several applied traction forces.  As T increases, V should decrease – as you apply a greater force on the pulley, the pulley should slow.  By applying several traction forces and measuring the corresponding velocity of the pulley, you will get a range of Power output values for the motor (P = T*V, as T and V change, so will P).  Once you have a full range of values, you should plot Power vs. Velocity and determine the maximum Power output of the motor. 



Before beginning, answer these two questions:

1.) What will be the Power output of the motor when no traction force is applied and the pulley is spinning as fast as it can?  

2.) What will be the Power output of the motor when the traction force is large enough to stall the motor?

  Procedure:
This procedure should be done for two electric motors.

WARNING:  KEEP YOUR FINGERS AWAY FROM THE ROTATING PLATE!!!!!! Use common sense and be very careful around this device!!  

1. Before beginning familiarize yourself with the apparatus.  Locate the force sensors, photogate, and the metal plate that will be spinning.  It is extremely important to keep the voltage running into the motor fairly low.  Check to make sure the power supply is off, the voltage knob is set to zero, and locate the Voltage window within Science Workshop.  When beginning the experiment, you will need to turn the voltage knob slowly while monitoring the actual voltage displayed on Science Workshop.

2. This experiment should be started with close to zero traction force on the pulley.  Therefore, bring the post close enough to the pulley so that there is visible slack in the kevlar rope.  The post can be moved by turning the knob at the end of the slide.

3. Once you are familiar with the location of everything, select “Mon” in Science Workshop. 

4. You are about to start the motor – be sure nothing is obstructing the wheel and be very careful around it from now on.  

5. Turn the power supply on and slowly increase the voltage until approximately 1 V is displayed in Science Workshop.  Record the actual voltage.

6. Tare the force sensors.

7. Note: Read steps 8, 9, and 10 through before actually completing them. Now press “Stop” and begin recording data by selecting “REC” in Science Workshop.  Note: If prompted about new data set, select “Create New Data Set”.

8.  Now begin applying a traction force by slowly turning the knob that moves the post away from the pulley.  The slower you turn the better your results will be.  Observe that as the traction force increases, the measured velocity of the pulley decreases.

9. As soon as the pulley stalls turn the power supply off by flipping the power switch (do not turn knob to zero) and select “Stop” in Science Workshop.

10. Locate the Power vs. Angular Velocity graph within Science Workshop.

11. Examine the graph and determine the maximum Power output of the motor.

Note:  You can get an accurate reading by zooming in using the magnifying glass button (left corner of the graph window) and highlighting the appropriate area.  You can zoom out by selecting the button to the right of the magnifying glass button.

     Convert this value from ft lbs/sec to Hp.  Remember:

 1 Hp = 33,000 ft lbs/min     60 sec = 1 min

At what angular velocity did this maximum Power output occur?  Locate the corresponding Traction force by examining the Traction (T) vs. Angular Velocity (() graph.  Check that you get the same maximum Power Output using these values as you got from the Power Output graph. (Equations (1) and (2)) 

12. Determine the maximum Traction force and the maximum angular velocity the pulley achieved.

13. Now repeat steps 4 through 12 for two slightly higher voltages (see table). Find the maximum Power output, the corresponding angular velocity and traction force, the maximum angular velocity, and the maximum Traction force.  What happened to the Power Output when you increased Voltage?

	Trial
	Big Motor Voltages
	Small Motor Voltages

	1
	1.0 V
	1.00 V

	2
	1.5 V
	1.15 V

	3
	2.0 V
	1.25 V


14. You should create a graph of your Power vs. Angular Velocity results within Science Workshop.  You can plot results from 3 different trials on the same graph.  To do this, select the “Data” box in the upper left corner of the Science Workshop graph window.  Now choose the 3 trials you would like displayed.  Once printed, be sure to label the curves.  Do the same for the Traction vs. Angular Velocity graph.

Ask the lab technician to switch the motors for you and repeat this procedure for the second motor.  You only need to do runs at two different voltages for the second motor. 

Part 2 –Calculation
We would like to use the big motor with a 1.5 Volt battery.    

1. If the motor has an efficiency of 60%, how much electrical power must we supply to obtain maximum power output?  (1.0 Hp = 746.3 Watts) Recall that 

efficiency = Pout/Pin
2. Given this required input power, what must be the current I in the system?  (Assume that V = 1.5 volts)

For 3, assume that the power output of a model car motor is 200 ft lbs/min when the car travels with a velocity of 3 ft/sec (180 ft/min) 

3. We will learn in the next few weeks that the gravitational force a car travelling up an incline must overcome is equal to W sin (, where W = weight of the car and ( = angle of the incline.  Ignore the friction requirements and assume that the required Traction = W sin (.  If the car weighs 2 lbs, what is the maximum incline (() it can climb at a velocity 180 ft/min? 
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