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PRACTICAL EXERCISE #24
“RECTIFIER FILTERING”
EE331

Fall 2012
Name: _______________
Section: _________
Date: __________

Background:  Today we will investigate capacitor filtering of half-wave and full-wave rectifier circuits with a resistive load. 
The theoretical analysis of the half-wave circuit goes as follows:
1. Modify the no-load peak value of transformer secondary to account for diode voltage drop and transformer output resistance. The diode we will be using has a 1V on-state drop.
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2. Determine the point in the cycle at which the diode stops conducting:
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3. Determine the point in the cycle at which the diode starts conducting (this is a nonlinear equation, make sure your calculator ANGLE MODE is set to RADIAN):
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4. Calculate the ripple voltage
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The approximate calculation of this (which avoids the nonlinear equation) is given by:
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5. Evaluate the average output voltage
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Interestingly, the analysis does not vary much for a full-wave rectifier. The equations and the steps that change are:
1. The peak voltage must account for two diode drops:
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3. The nonlinear equation loses a two in the exponent:
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The remaining steps are the same. Now we would like to contrast theoretical performance with actual performance.

Step 1:  Set up the transformer to provide a given no-load secondary voltage and measure the filter capacitance:
· Build the following circuit:

[image: image9.emf]DMM

+

~

-

. .

V

IN

+

-

A

N 4

1 5

8

V

+


· Set the DMM to measure AC voltage (RMS).
· Ensure that the variable voltage control knob is at zero, the AC MAIN breaker is open, and the VARIABLE OUTPUT breaker is open.
· Have the instructor of lab tech unlock the variable voltage control knob.
· Close the AC MAIN breaker and the VARIABLE OUTPUT breaker.
· Dial the variable control knob until the no-load secondary voltage measures 10.0Vrms (leave the control knob in this position until told otherwise).
· OPEN the AC MAIN breaker.
· We will be using a 50F capacitor during this lab, measure its actual value using the LC-meter. Record it here:

C = _____________

Step 2: Evaluate the Half-Wave Rectifier Circuit:
· Ensure the DMM measures approximately 0V, then disconnect it and build the following circuit:
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· Note, the capacitor should be the measured 50F electrolytic capacitor. The positive-side of the capacitor MUST be at the top (same node that the diode is connected to) of the circuit (or someone could lose an eye!).
· The load resistance will consist of a parallel combination of 
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 resistors. NOTE:  you can simply STACK the mounted resistors in order to achieve the values listed below.  Start with a single resistor.
· Measure the output voltage on CH1 of the o-scope.
Have the instructor or lab tech verify your connections: ________________

· CLOSE the AC MAIN breaker.
· Press AUTOSCALE on the scope (NOTE: ground is not visible, so reduce the volts/div to 2V/div and then raise the waveform until you see ground).

· Use the cursors to measure the voltage ripple and use the quick measure button to measure the average value. Record these in the chart below (NOTE: the theoretical and approximate values may be calculated later).

· OPEN the AC MAIN breaker and add a second 
[image: image12.wmf]W

k

1

 resistor in parallel. CLOSE the AC MAIN breaker and retake the measurements.
· OPEN the AC MAIN breaker and add two additional 
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 resistors in parallel. CLOSE the AC MAIN breaker and retake the measurements.
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· OPEN the AC MAIN breaker.
· Disconnect the diode, capacitor and resistor load.
Step 3:  Evaluate the Full-Wave Rectifier Circuit:
· Build the following circuit
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· Note:  the capacitor will again be the measured 50F electrolytic capacitor and the load will initially be a single 
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 resistor.
· Use CH1 of the o-scope to measure the output load voltage.
Have the instructor or lab tech verify your connections: ____________

· CLOSE the AC MAIN breaker.
· Acquire the output voltage on the o-scope (AUTOSCALE, then change volts/div to 2V/div, then raise ground until you can see the entire signal).
· Measure and record the ripple and average value as before.
· OPEN the AC MAIN breaker, insert the additional parallel resistance, CLOSE the AC MAIN breaker, measure and record the values.  Repeat to complete the table:
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· OPEN the AC MAIN breaker, OPEN the VARIABLE OUTPUT breaker, and dial the variable control knob down to zero.
· Disconnect your circuitry and return the cabling and parts to their original locations.
Step 4: Theoretical calculations

· Complete the theoretical and approximate calculations for the tables. SHOW YOUR WORK BELOW for the 
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 calculations. Assume that the transformer output resistance is 
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Step 5: Design Problem:  Suppose that you have a 
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 load resistance and you wish to achieve a 12V average value with a 1V ripple using a filtered half-wave rectifier.  Assume that the diode turn-off angle 
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.  Determine:

1. The required 
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2. The required no-load secondary voltage.  Assume the same transformer resistance and diode offset as before (4 and 1V, respectively).
3. The required 
[image: image39.wmf]a

.
4. The required capacitance (using the nonlinear formula).
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