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PRACTICAL EXERCISE #5
“THEVENIN EQUIVALENTS”

EE331

Fall 2012
Name: _______________
Section: _________
Date: __________

Motivational Analysis Problem: Let’s assume that we have a power system with multiple sources and loads as shown in Figure 1.  Note that in the figure we specify regulated power supplies, implying that, like our bench-top supply, the voltages are independent of the currents drawn.  The engineering problem is: given a minimum acceptable voltage across Load #2, determine the smallest equivalent Load #2 resistance that can be successfully used (and what power is consumed).  Other relevant questions might be: what voltage will exist at the terminals of Load #2 if we remove it (open circuit/highest voltage) and what short-circuit current will flow if we replace Load #2 by a short (highest current)?
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Figure 1: Power System with Regulated Supplies and Multiple Loads

Our initial step at modeling this system might be to replace the Power Sources by independent voltage sources and the cables and loads by resistances.  This yields the circuit shown in Figure 2.
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Figure 2: Electrical Circuit Equivalent of the Power System Shown in Figure 1

The questions posed above focus only on how 
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 impacts the system. As such, the details of the “rest of the system” are not important; therefore, we would like to replace the “rest of the system” by as simple of an equivalent as possible to facilitate our analysis objectives: this simplest circuit is the Thevenin Equivalent. 

The goal of the Thevenin process is to reduce part of the network down to an equivalent source and series resistance as shown in Figure 3.
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Figure 3: Circuit of Figure 2 with Thevenin Equivalent Inserted

The circuit of Figure 3 is far easier to analyze than the circuit of Figure 2 as we investigate the impact of changing 
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.  How do we obtain values for 
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? Sometimes it is possible to start at the left part of the circuit of Figure 2 and make successive “source transformations” and component combinations to reduce the network to that shown in Figure 3.  In general, determination of the Thevenin requirement requires solving two separate problems: finding the open-circuit voltage at the point of interconnection and finding the equivalent resistance looking back through the network at the point of interconnection with all independent sources turned OFF.  These problems are illustrated in Figure 4.
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Figure 4: Thevenin (a) open-circuit voltage circuit; (b) equivalent resistance circuit

If we wish to avoid the resistance combination problem of Figure 4(b), we can instead determine the short-circuit current that will flow at the point of interconnection as shown in Figure 5.
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Figure 5: Circuit for determining the Short-Circuit Current

Then the Thevenin Resistance can be determined from
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.  Circuits 4(a) and 5 can be solved by using nodal analysis as shown in Figure 6.
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Figure 6: Nodal Problems for Circuits of (a) Figure 4(a) and (b) Figure 5

Note that for Figure 6(a), 
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 and for Figure 6(b), 
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. 
OK, enough background, now let’s get specific: suppose that our system can be modeled by the following parameter values.
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Problem: Given that 
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, determine the smallest acceptable 
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. Also, determine the open-circuit value for 
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 and the short-circuit current. Confirm your answers by building the Thevenin and actual circuit in the laboratory.

Step 1A: Use nodal analysis to establish the open-circuit voltage as shown in Figure 6(a).

Step 1B: Use nodal analysis to calculate the voltage 
[image: image23.wmf]Y

V

 in Figure 6(b). Then evaluate the short-circuit current and use it to compute the Thevenin resistance. Check your answer by finding the 
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 via the equivalent resistance as shown in Figure 4(b).

Step 1C: Using the equivalent circuit of Figure 3 determine:  1) smallest permissible 
[image: image25.wmf]2

L

R

 using a voltage divider, 2) the short-circuit current using Ohm’s Law, and 3) the open-circuit voltage by inspection.
Have the Instructor or Lab Tech verify your results: _________________

Step 2: Devise the experiment

Stage 1: We will build the Thevenin Equivalent Circuit of Figure 3 on the quad board

· We will use variable resistance boxes for both 
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· We will use the power supply channel V1 set to 
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· We will set 
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 and measure 
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· We will replace 
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 by an open circuit and measure 
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Stage 2: We will build the Original Circuit of Figure 2 on the quad board

· We will use a variable resistance box for 
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 and mounted resistors for
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. Measure and record the actual resistance values.

· We will use the power supply channels V1 and V2 to implement 
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· We will set 
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 and measure 
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· We will replace 
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 by an open circuit and measure 
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Note: Steps labeled with “A” are for the Stage 1 procedure and steps labeled with “B” are for the Stage 2 procedure
Step 3A: Measure any components before assembling the circuit and note the ratings

	Component
	Nominal Value
	Measured Value
	Power or Current Rating

	
[image: image44.wmf]TH

R


	
	
	

	
[image: image45.wmf]min

,

2

L

R


	
	
	

	
[image: image46.wmf]TH

V



	
	
	


Step 4A: Build the Thevenin Equivalent Circuit on the Quad Board.
Have the Instructor or Lab Tech verify your layout: _________________

Step 5A: Perform the experiment.
	Config
	Theoretical Value
	Measured Value
	Percent Error
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Step 3B: Measure any components before assembling the circuit and note the ratings.
	Component
	Nominal Value
	Measured Value
	Power or Current Rating
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Step 4B: Build the Original Fig 2 Circuit on the Quad Board.
Have the Instructor or Lab Tech verify your layout: _________________

Step 5B: Perform the experiment

	Config
	Theoretical Value
	Measured Value
	Percent Error
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Step 6: Make any data calculations and answer follow-up questions:
· Before you disassemble the last circuit, calculate the power that will be supplied to (absorbed by) 
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 when it is equal to RTH.  This turns out to be the maximum power that can be supplied to RL2 with this circuit.
· Verify this maximum power effect in the lab by setting 
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 equal to 0.5RTH, RTH, and 2RTH, measuring the load voltage each time and then calculating the power.  Show the calculation of the load power for the first row entry.
	Configuration
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Have the Instructor or Lab Tech verify your values: _________________

Step 7: Disassemble the circuit and organize your workstation. Hand in the assignment as directed by your instructor.
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