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PRACTICAL EXERCISE #26
“POWER SUPPLY DESIGN”
EE331

Fall 2012
Name: _______________
Section: _________
Date: __________

Background:  Today we will explore one possible power supply design procedure and then verify our design with laboratory equipment.
Goal:  Design a DC power supply that will operate from a wall outlet and supply 6.1VDC to a load that can vary between 
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.  It is imperative that the load voltage not drop below 5.9V.  Three restrictions are imposed:  you must use a 1N4003 diode in a half-wave rectifier, the 0.5W, 6.1V, 1N753 zener diode should be utilized as the regulator, and you must use a transformer with a 9Vrms rated secondary voltage.

Step 1:  Estimate the peak voltage across the capacitor filter.
From spec sheets, we determine that the 1N4003 diode has an ON-state voltage drop of about 1V and so we can estimate the peak voltage across the capacitor as
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Evaluate this for your design.
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Step 2:  Specify the zener diode.
We must identify the maximum safe current for the zener diode and the minimum current required to satisfy the minimum output voltage constraint.  Based on PE-25’s I-V data, we will use 3.7mA for the minimum zener current.  Calculate IZ,max with a safety factor of 0.7:
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            3.7mA  
Step 3:  Specify the resistor 
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Since we know that 
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, we can use the expression for the maximum zener diode current to find the resistance
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This most likely will NOT be a standard value.  Further, let’s restrict the value to rated 1W resistors that we have in the Lab: 47, 68, 100, 150, or 220.  In order not to exceed 
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, which value of RS should we use?
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Next, we need to ballpark the required power rating of the resistor using
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Will our 1W resistor be adequate?  ___________

Step 4:  Verify that the minimum capacitor voltage value is adequate.
Recall that we have minimum zener diode current when the capacitor voltage (or filtered rectifier output voltage, Vunreg) and load resistance are at their minimum values:
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Calculate 
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Step 5:  Establish the minimum capacitance.
First, we evaluate the worst-case allowable ripple
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Next, we find the required diode turn-ON angle (in radians)
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We then need to solve for the capacitance using (with the assumption ( = (/2)
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Again, most likely this will not be a standard value.  Let’s assume that we have as many 50F and 100F capacitors available as we need (obviously we want to minimize the number that we need).  What is the revised value of capacitance?
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With this new value, solve the non-linear equation above for the anticipated value of 
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 and calculate the voltage ripple.
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Step 6:  Check the rectifier diode, capacitor and transformer secondary ratings.  

Both components are rated for 1A average and 1Arms, respectively.  The average diode current is equal to the average current through 
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 which is given by 
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Step 7:  Verify your design in hardware.
1. Set up our transformer to look like one rated for 9.0Vrms (secondary):
· Connect up the following circuit.
· 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.
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· Have the instructor or lab tech unlock the AC MAIN breaker.
· Close the AC MAIN breaker and the VARIABLE OUTPUT breaker.
· Dial the variable control knob until the no-load secondary voltage measures 9.0Vrms (leave the control knob in this position until told otherwise).
· OPEN the AC MAIN breaker.
· Disconnect the DMM.
2. Measure the actual capacitors used. Total the result and report it here.
C = _______________

3. Build the remainder of the circuit:
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· Place the transformer on the far left of the quad board and add components going to the right.
· Move the quad board over near the AC voltage terminals to facilitate connection to those terminals.
· The load resistance will be implemented by stacking 
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 resistors.  Start with a single resistor.
· Note the polarity of the capacitors and ensure that the positive side is at the top of your circuit.
· Place the O-scope across the capacitor(s).  Plus (red) terminal connected to the top and minus (black) terminal connected to the bottom.
· Place the DMM voltmeter across the load, set to measure DC voltage.
Have the instructor or lab tech verify your circuit layout: ______________

4. Run the experiment:
· CLOSE the AC MAIN breaker.
· Obtain the scope display:  you can hit AUTO, dial the Volts/div up to 2V/div, raise ground until you see it on the display (this is necessary for the QUICK MEASURE features to work properly).  Use the cursors or QUICK MEASURE to measure the maximum and minimum capacitor voltages.
· Record the data values in the following table (next page).
· OPEN the AC MAIN breaker, add additional load resistance in parallel, CLOSE the AC MAIN breaker, perform the measurements and record them in the table.  Repeat until the table is completed.
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Have the instructor verify your data: _________________

· OPEN the AC MAIN breaker.
· Dial the variable voltage control knob down to zero.
· Disconnect your circuit, returning the cabling and piece parts to their original locations.
Step 8:  Follow-up Questions
1. Does the output voltage stay above 5.9V?

2. How does the peak capacitor voltage compare with the theoretical value?

3. How is the ripple affected as the load resistance is changed?

4. Estimate the peak current through 
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 based on your data.  What is the worst case (i.e., highest) power dissipation in this resistor?
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