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PRACTICAL EXERCISE #4
“NODAL ANALYSIS”

EE331

Fall 2012
Name: _______________
Section: _________
Date: __________

Motivational Analysis Problem:  Let’s assume that we wish to construct a “reliable” power system.  When we describe a military system as being “reliable”, we generally imply an ability to survive a casualty or cascade of damage.  First, we might choose to employ multiple sources that are physically separated so that damage to one might reasonably mean that the other one will survive.  Second, we might include circuit breakers that allow us to isolate damaged equipment or reconfigure the system.  Let’s consider a first-go at a distributed DC power system as shown in Figure 1.
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Figure 1: Typical Power System with Multiple Loads and Sources
Note that there are numerous topologies possible depending on the status of the circuit breakers (CB’s).  If all CB’s are closed, the two loads are supplied by both batteries; however in this topology, damage to one part of the system will be “felt” by all components.  We can lessen this dependence by opening CB2 and CB3, so that Battery 1 supplies Load1 and Battery 2 supplies Load 2.  This is termed split plant operation.  If Load 2 is damaged so that we replace it by a short circuit, we would find that unacceptably high currents would flow.  To mitigate the problem with this circuit, we would open breakers CB3 and CB4 (though a separate breaker for the load would be more realistic!).
OK, so what can we do with this circuit?  Our first step might be to model it with electrical components: the batteries by voltage sources and the cables and loads by equivalent resistances.  The circuit in Figure 2 is what emerges.
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Figure 2: Electrical Circuit Equivalent of Figure 1 with all Breakers Closed

With multiple sources, this circuit CANNOT be analyzed using voltage/current dividers or by combining elements in series or parallel.  We need to analyze it using nodal analysis which means that we need to identify the nodes, choose a reference (ground) node and assign node voltages to the rest.  Since both sources are connected to the bottom rail, it makes most sense to use that node as the reference node.  The following circuit emerges.
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Figure 3: Circuit with Reference Node Assigned and Remaining Nodes Labeled

This circuit is “easy” to analyze because both 
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 are known immediately (these voltages are the voltages from the node to the ground node which means that they equal the respective battery voltage).  We thus have only two unknown node voltages and thus must only establish two KCL equations.  The currents leaving the two unknown nodes are shown by arrows in Figure 4.
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Figure 4: KCL Constraint Currents Leaving the two Unknown Nodes

Alternatively, we could have made a source transformation on the voltage source in series with the resistance to convert the problem to one with current sources as shown in Figure 5.  We still only have two unknown nodes but now we must be careful in identifying the current that would leave the original battery!
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Figure 5: Current Source Version of the Circuit of Figure 4

Problem: Let’s start simple.  Let’s suppose our job is to figure out the power supplied by both batteries given the battery voltages, cable resistances, and load resistances. 

Step 1A: Establish the governing nodal equations in terms of the variables for Figure 4
Step 1B: Solve the nodal equations given the following parameter values:


[image: image8.wmf]W

=

100

1

C

R



[image: image9.wmf]W

=

=

220

3

2

C

C

R

R



[image: image10.wmf]W

=

=

k

R

R

L

L

1

2

1



[image: image11.wmf]V

V

Bat

10

1

=



[image: image12.wmf]V

V

Bat

8

2

=



[image: image13.wmf]=

2

V

______________


[image: image14.wmf]=

3

V

______________

Calculate the corresponding current leaving each battery (show your work)
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Calculate the power supplied by each battery (show your work)
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Have the Instructor or Lab Tech verify your results: _________________

Step 2: Devise the experiment

We want to confirm our “analysis” by emulating the circuit in the laboratory and taking appropriate measurements.

· We will implement each load and cable with a mounted resistor of appropriate value.
· We will implement the batteries using the bench-top power supply (use both channels, V1 and V2).
· We will measure the battery currents and the unknown node voltages.
Step 3: Measure any components before assembling the circuit and note the ratings (the resistor power rating should be determined using the “size” chart from PE #1)
	Component
	Nominal Value
	Measured Value
	Power or Current Rating
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Step 4: Build the Circuit on the Quad Board

· First layout the circuit in the following figure, illustrating how you would configure the circuit to measure the battery currents:

[image: image26.emf]HI

L

O

I

HI

L

O

< >

Power

DMM1

Power

HI

L

O

I

HI

L

O

<

>

DMM2

V1 V2 Power

V1

V2

+ +

- -

V1

V2

VOLTAGE

ADJUST

METER

OUTPUT

VOLTS AMPSOVERLOAD

POWER SUPPLY


Have the Instructor or Lab Tech verify your approach: _________________

· Build the circuit on the quad board (note, a shorting bar or cable between each source and the rest of the circuit will aid in current measurement).
Step 5: Perform the experiment

· Energize the power supply.
· Measure and record the battery currents.
· Take the ammeters out of the circuit; configure the DMM’s to measure the unknown node voltages. Record the values.
	Variable
	Theoretical Value

(from pg 4)
	Measured Value
	Percent Error
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Have the Instructor or Lab Tech verify your values: _________________

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

· Calculate the actual power delivered by the two batteries:
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· Assume next that we change the problem: suppose that we want 
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, use the nodal equations derived in Step 1A to find the required battery voltages.
· Implement the new battery voltages in your circuit. Measure and record the achieved node voltages and battery currents. Demonstrate your results to the instructor.
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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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