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PRACTICAL EXERCISE #9
“PERMANENT MAGNET DC MOTOR

CHARACTERIZATION”

EE331

Fall 2012
Name: _______________
Section: _________
Date: __________

Motivational Engineering Problem:  Let’s suppose that you have a need to implement a speed control system as illustrated in Figure 1.  Note the system contains a DC power source (a battery for example) that feeds a motor drive (consisting of power electronics) that in turn powers the permanent magnet dc motor.  The motor shaft is mechanically coupled to a load where the load might be the wheel or transmission for an electric vehicle, or a fan where we are trying to regulate the airflow into a compartment space, or it could be a propeller powering an autonomous underwater vehicle.  A speed sensor is a transducer that converts rotor speed into a proportionate voltage signal that can be processed and fed back to a speed controller.  The speed controller might be a microcontroller, DSP board, or simply more electronics that implement an algorithm that forces the speed sensor signal to track some desired value (and thus achieve a desired shaft speed).  The desired input voltage may be derived from a joystick, a potentiometer, or it may come from some supervisory controller (possibly regulating the flow of air through the building).
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Figure 1: Block Diagram of Speed Control System
Our goal today is to NOT address this overall system but to focus in on the PM DC motor and speed sensor.  Let’s assume that we have such a motor but have very little information on it except for say the rated voltage (like the motor on your lab bench).  We would like to characterize the motor so that we can predict its operation in a speed control system.  Our actual goal will be a bit more modest but will be illustrative of this process.  The PM DC motor that we will be investigating is somewhat unique in that it is wound with two separate armatures as shown in Figure 2.
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Figure 2: Layout of Candidate PM DC Motor with Two Separate Armatures

Note the motor has three separate banana jack terminals colored RED, YELLOW, and BLUE, where the BLUE terminal is the common return for the two armatures.  We will use the RED-BLUE armature to power our motor and the YELLOW-BLUE armature as a speed transducer.  For example, if we place a voltmeter across the YELLOW-BLUE terminals, no current flows, 
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 has no effect, and we are simply measuring the back emf 
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 which is obviously proportional to speed (
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Our goal is to: 

· determine the relationship between 
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 and the motor speed

· establish the motor parameters 
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· estimate the no-load torque due to friction and windage
· make some preliminary calculations of motor performance

Step 1A:  Derive the governing KVL equation for the circuit on the left of Figure 2.
Step 1B:  State the expression that governs the developed electromagnetic torque of the PM DC machine (in terms of circuit variables and machine parameters)

Step 2:  Devise the experiment

· We will vary the applied armature voltage (via the power supply) and operate the PM DC motor at different rotor speeds.  We will measure the shaft speed with the Hampden optical tachometer by bouncing the light off of reflective tape placed on the shaft.  We will measure the back emf of armature 2 using the DMM at each speed.  We will then derive the relationship between 
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 and motor speed.
· We will monitor the PM DC motor terminal voltage and current using separate DMMs.  We will vary the applied voltage and record the terminal voltage, terminal current, and 
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.  We can then convert the 
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 measurement to speed using our earlier determined constant of proportionality.
· We will take two sets of measurements and derive estimates for 
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Step 3: Build the Circuit (neither the quad board nor proto-board are required)

· Ensure that the power supply is de-energized.
· Connect channel V1 of the power supply to motor terminals RED-BLUE.  With the supply off, turn the channel V1 voltage down to zero volts.

· Connect the DMM to the YELLOW-BLUE terminals of the motor and set it to measure DC voltage.
· If there is no reflective tape on the motor shaft, please cut a 1” piece and place it around the shaft.  Be prepared to share the Hampden optical tachometer (it should be set to measure in RPM).
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Figure 3: Circuit Setup for Step 3
Have the Instructor or Lab Tech verify your circuit: _______________

Step 4:  Perform the experiment

· Energize the power supply.
· Increase the channel V1 supply voltage until DMM1 reads 2V (the rotor should be spinning very slowly).  Record the voltage in the following table.

· Measure the speed using the optical tachometer.
· Repeat for DMM1 readings of approximately 4, 6, 8, 10, and 12V.
· Compute the ratio of rpm to measured voltage.
	Desired
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· Determine an average of the values in the far right column of the table. This will be the conversion ratio you will use to estimate the actual speed of your motor.
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· Slowly return the variable voltage control knob to zero and de-energize the power supply.
Step 5:  Build the Circuit shown in Figure 4.
· Ensure that DMM2 is across terminals RED-BLUE after the ammeter DMM1.  The ammeter voltage drop will be appreciable in this exercise.  Ensure that you are able to disconnect DMM2 without interrupting the circuit.
Have the Instructor or Lab Tech verify your circuit: _______________

· Energize the power supply and adjust it to the values in the following table.  Measure the armature voltage and current.  Without de-energizing, carefully swap the connections of DMM2 to terminals YELLOW-BLUE to measure
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a

E

.  Record the measurements in the following table (columns 2, 3, and 4).
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Figure 4: Circuit Setup for Step 5
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· Slowly return the variable voltage control knob to zero and de-energize the power supply.
· Use 
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 to compute the speed in rpm for the above table (column 5).
· Compute the speed in radians/sec (ω) in the above table (column 6) using
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Have the Instructor verify your values: _______________

Step 6: Make any data calculations and answer follow-up questions

· Using the data values for 2V and 4V and the governing KVL equation found in Step 1A, derive estimates for the unknown parameters 
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· Repeat for armature voltage values of 6V and 8V.
· Repeat for armature voltage values of 10V and 12V.
· Calculate the no-load (nothing is connected to the shaft) torque being produced using your expression from Step 1B and the average of the 
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values just calculated for each operating voltage and record in column 7 of the table.
Have the Instructor verify your values: _______________

· For your data at 
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and the corresponding values of 
[image: image34.wmf]1

a

r

 and 
[image: image35.wmf]1

v

K

, compute the following (show your work)

The Input Electrical Power (
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The Armature Resistance Power Loss (
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The Developed Power (
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 EMBED Equation.3  [image: image39.wmf]w
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· Show that conservation of power is satisfied.
Step 7: Disassemble the circuit and organize your workstation. Hand in the assignment as directed by your instructor.
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