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PRACTICAL EXERCISE #22
“AC SYNCHRONOUS GENERATORS”
EE331

Fall 2012
Name: _______________
Section: _________
Date: __________

Problem:  Today we will determine the model parameters for a three-phase AC synchronous generator.  We will then use those parameters to predict a required field current to establish a terminal voltage for a given electrical load condition.  Recall that the per-phase equivalent circuit of a three-phase synchronous machine is as given in Figure 1.  It contains three parameters that we will need to perform measurements to find: 
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Figure 1: Synchronous Machine Per-Phase Equivalent Circuit

Part 1:  Nameplate Inspection

1. In front of you at your lab station there are two coupled machines:  a DC motor on your left and an AC synchronous machine on your right.  Some terminal connections have already been made on the DC motor to expedite the lab exercise.  DO NOT MODIFY ANY WIRED CONNECTIONS TO THE DC MACHINE.

2. Find the nameplate on the top of the synchronous machine and record the rated speed, line voltage, armature current, field current, alternator average power, and rated frequency.
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How many poles is this machine wound for?  __________

Part 2:  Stator resistance measurement

1. Normally we would like to measure the stator resistance while the machine is carrying near rated current in order to take into account heating effects.  Today, in the interest of time, we will defer this nuance and simply use the DMM ohmmeter.  Connect the DMM ohmmeter across one phase of the wye-connected synchronous machine (from terminal L1 to the neutral point) and measure the phase resistance:
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[Note, this value should be less than 15]

Part 3:  Open-Circuit Characteristic

1. Next we will collect information about the excitation voltage by operating the synchronous machine open circuited (no electrical load in Fig. 1).

2. First we will connect DC excitation (i.e., field current supply) to the synchronous machine field winding:
· On your power panel on the right-side of the bench, connect the + plug of the “Excitation Supply” to the lower terminal of your DMM ammeter.

· The middle terminal of your DMM ammeter should then be connected to the + terminal of the field winding at the top of the machine.  The minus terminal of the field winding should be connected to the minus terminal of the Excitation Supply.
· Set the DMM to measure DC current.
· Set the field winding switch to IND START.
3. Connect the second DMM across two terminals of the stator (terminal L1 to L2).
· Set the DMM to measure AC volts.
Have the instructor or Lab Tech verify your connections: ___________________

4. Ensure that the Variable Voltage Control knob is fully CCW (zero) and the variable resistance control knob on the top of the DC motor is fully CCW.
· Close the AC MAIN breaker.
· Close the VARIABLE OUTPUT breaker.
· Close the EXCITATION SUPPLY breaker.
· The VARIABLE OUTPUT Voltage Control knob controls the voltage applied to the DC motor.  An analog DC voltmeter has been set-up to monitor this voltage.  Adjust this voltage so that 90 VDC is applied to the DC motor.  The shaft should be turning.
5. A handheld tachometer is available to measure the speed of the coupled DC motor and synchronous generator.  You will serve as the “governor” of the DC motor by adjusting the shunt-field resistance to achieve the desired output speed.  Hold the tachometer against the end of the shaft (contact it just enough for it to spin at the same rate), then push the button on the side to measure speed (the tachometer should be in contact rpm mode).  Adjust the DC machine resistance knob (top of unit) until the machines are turning at approximately 1800rpm.

· One student should operate the tachometer and one should make the adjustment on the DC machine.
6. On the synchronous machine field winding, make sure the switch is set to SYN RUN (and not IND START).  As of right now we are not applying any field current and so the measured voltage should be small (due to some residual magnetism).  Record the voltage and current in the table below.
7. On the power panel to your right, adjust the Excitation Supply so that the DC Ammeter reads about 0.1A (100mA).  The machine speed may change, so adjust the DC motor control (top of unit) to maintain the speed at approximately 1800rpm.  Record the current and voltage measurement in the table below. 
8. Calculate the phase voltage (note your measured quantity is a line voltage and the machine is wye-connected!).
9. Complete the table by adjusting the Excitation Supply to produce field currents of 0.2A, 0.3A, 0.4A, and 0.5A.  MAKE SURE TO READJUST THE DC MOTOR SPEED PRIOR TO RECORDING EACH MEASUREMENT.
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10. Reduce the Excitation Supply to zero (field current is reduced to zero).  Return the DC motor control knob to full CCW (minimum speed).  Reduce the Variable Voltage Control knob on the power panel down to zero (the motor-generator should stop turning).
· OPEN the AC MAIN breaker.
· OPEN the EXCITATION SUPPLY breaker.
· Ensure that the DMM voltmeter measures zero. Remove the DMM voltmeter connections.

· Switch the field winding switch to IND START.
Part 4:  Short-Circuit Characteristic
1. Connect the DMM ammeter between stator winding terminals L1 and L2. Connect a cable between terminals L2 and L3.  We have essentially shorted the three-phase terminals together and will measure the short-circuit current.
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Figure 2: Synchronous Machine Connections for Short-Circuit Test

Have the Instructor or Lab Tech verify your setup:  ____________________

2. Re-energize the station:

· CLOSE the AC MAIN breaker.
· CLOSE the EXCITATION SUPPLY breaker.
· Dial the VARIABLE VOLTAGE Control Knob connected to the DC motor back to 90V DC (again the motor-generator set should be spinning).
· SWITCH the field winding switch to SYN RUN.
· Adjust the DC Motor control resistance (on the top of the unit) so that the machines spin at 1800rpm.

· Record the field current and phase current measurements in the table below.

3. Collect data

· Increase the EXCITATION SUPPLY so that the field current is equal to 0.1A DC.  Readjust the DC motor resistance control (on the top of the unit) so that the speed is maintained at 1800rpm.  Record the data below.  Note the line current is the phase current since the machine is wye-connected!
· Repeat for field currents of 0.2A, 0.3A, 0.4A, and 0.5A.  Make sure to maintain the speed at 1800rpm. Record your measurements in the table below.
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4. De-energize the unit:
· Reduce the EXCITATION SUPPLY to zero (zero field current).
· Return the DC Motor Variable Resistance control knob to full CCW.
· Reduce the VARIABLE VOLTAGE Control Knob to zero (the machines should stop turning).
· OPEN the AC MAIN breaker.
· OPEN the EXCITATION SUPPLY breaker.
· OPEN the VARIABLE OUTPUT breaker.
· Switch the synchronous machine field winding switch to IND START.
· Ensure that the DMM AC AMMETER reads zero, disconnect it from the circuit and remove the shorting wire from terminals L2 – L3.

Part 5:  Calculations
· Now we need to calculate our two remaining machine variables (
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· Plot the Open-Circuit data on the following axes:
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· Determine the slope of the linear part of this curve

SLOPE: ___________________

· Note that since this data is essentially the excitation voltage of the machine and that 
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, then the slope can also be thought of as 
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 is the electrical frequency which we have maintained constant.  Calculate the value of 
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· Plot the Short-Circuit data on the following axes:
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· Evaluate the slope of this curve

SLOPE (short circuit): _____________

· Note, during the short-circuit experiment, the excitation voltage of the equivalent circuit is directly across the stator impedance.
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· We can evaluate the synchronous reactance by taking the ratio of the open-circuit slope to the short-circuit slope by using
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· Use this relationship to determine the synchronous reactance.
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Have the Instructor verify your parameter calculations: ___________________

Problem: Given your synchronous machine parameters, suppose that we attach the 3-phase load resistance bank connected in Y to the generator with it set so that all 6 switches are up (all resistors are connected in, 2k per switch).  Further, assume that we wish to maintain the line voltage and frequency of the generator at 150V and 60Hz.
· Calculate the desired generator terminal phase voltage (make this phasor your reference phasor).
· From your answer above, calculate the required load current (magnitude and angle).
· Using the per-phase equivalent circuit, compute the required excitation voltage (magnitude and angle).
· From the magnitude of the excitation voltage, compute the required field current.
Have the Instructor verify the calculation: __________________

Step 6:  Verification (You may or may not have time to do this, check with your instructor)
1. Connect the machine terminals L1, L2, and L3 to the respective tops of the three resistors in the variable resistance module (RED, BLUE, and BLACK).
2. Connect the bottoms of the load resistors together to form the neutral point of a Y connection (WHITE).
3. Place a DMM to measure the line voltage of the load.  Set it to measure AC volts.
4. Place all six load resistances in the up position so they are all in the circuit.

Have the Instructor or Lab Tech verify your setup: ________________

5. Re-energize the setup

· Close the AC MAIN breaker.
· Close the EXCITATION SUPPLY breaker.
· Close the VARIABLE OUTPUT breaker.
· Adjust the VARIABLE VOLTAGE Control Knob to apply 90V DC across the DC Motor (the machines should be spinning).
· Switch the synchronous machine field winding switch to SYN RUN.
· Adjust the DC Motor resistance control knob until the motor speed is 1800rpm.
6. Increase the EXCITATION SUPPLY so that the field current equals the value that your instructor confirmed in Part 5.  Readjust the DC motor speed to maintain the speed at 1800rpm.  Record the field current and the line voltage:
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Were you able to achieve the desired 150V line?

7. De-energize the setup

· Decrease the EXCITATION SUPPLY to zero (zero field current).
· Return the DC motor resistance control knob full CCW.
· Decrease the VARIABLE VOLTAGE Control Knob to 0V (the machines should stop spinning).
· OPEN the AC MAIN breaker.
· OPEN the EXCITATION SUPPLY breaker.
· OPEN the VARIABLE OUTPUT breaker.
· Switch the synchronous machine field winding switch to IND START.
· Ensure that the DMM voltmeter reads zero volts.
· Disconnect the DMM voltmeter and the load resistance module.
· Disconnect the EXCITATION SUPPLY circuitry.
· LEAVE THE DC MOTOR CONNECTIONS.
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