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PRACTICAL EXERCISE #3

“VOLTAGE DIVIDERS”

EE331

Fall 2012
Name: _______________
Section: _________
Date: __________

Motivational Design Problem:  Oftentimes, an electrical system will have multiple loads (i.e., fans, lights, heaters, buzzers, etc.) that can be switched ON or OFF as shown in the following figure.  Note that in this case we assume the loads are able to operate properly with some variation in the bus voltage (the voltage across the loads, 
[image: image1.wmf]BUS
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).  We know this because we specify the source as being an “Unregulated Power Supply,” implying that its output voltage will vary with the total load current (
[image: image2.wmf]BUS
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). 
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Figure 1: Typical Power System with Multiple Loads
The engineering problem might be to specify the characteristics of the Unregulated Power Supply given an acceptable range of variation of the bus voltage and a model of the loads.  Our first step is to replace the source by what we will soon learn is its Thevenin Equivalent – a voltage source in series with a resistance.  For a DC system, we will model the loads by equivalent resistances.  The electrical circuit equivalent is shown in Figure 2.  DO NOT BUILD THIS CIRCUIT YET!
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Figure 2: Electrical Circuit Equivalent of Figure 1

If we assume that at least one switch is closed (so that at least one load is ON), we can derive an equivalent load resistance and simplify the circuit down to a series equivalent. In Figure 3, the resistance 
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 would be the parallel combination of whichever load resistances are connected into the circuit.
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Figure 3: Series Equivalent Circuit

Problem Statement: Given that 
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 and that anywhere from one to all three loads may be on at any time, determine the values for 
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 and 
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 that will guarantee that the bus voltage will satisfy 
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 (a 5% variation about 5V).
We have already set forth an electrical equivalent representation for our system, so we can move forward by making some design calculations.
Step 1: Design Calculations
· Determine the maximum and minimum values possible for 
[image: image11.wmf]EQ

R

 in figure 3.


[image: image12.wmf]=

max

,

EQ

R



[image: image13.wmf]=

min

,

EQ

R


· Since 
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 and 
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R

 are fixed, which value of equivalent resistance must correspond to the upper and lower voltage bounds (circle one)?
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· Establish governing voltage divider equations for the maximum and minimum bus voltages in terms of the unknown quantities 
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 and 
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 (from Figure 3)
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 Equation:
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 Equation:

· Simultaneously solve these equations using the “solve” function in your calculator, with syntax: solve(Equation1 and Equation2 , {VS , RS } ), where VS and RS are the unknown variables in Equation1 and Equation2.
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· Using circuit analysis, determine the resultant maximum and minimum bus current from Figure 3 (show the equation that you use):
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Have the instructor or lab tech verify your values before proceeding: ____________
Step 2: Devise the experiment
We want to confirm our “design” by emulating the circuit in the laboratory and taking appropriate measurements.

· Implement each load with a mounted resistor of appropriate value

· Implement 
[image: image26.wmf]S
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 using the variable resistance box.
· Implement  
[image: image27.wmf]S
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 using the bench-top power supply.
· Model the three switches with short cables that allow you to create a short circuit or open circuit.
· Monitor the bus voltage and bus current while varying the number of loads connected.
Step 3: Insert Measurement Equipment
Based on the monitoring requirements listed in Step 2, show in the schematic where the voltmeter and ammeter must be inserted
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Step 4: Measure any components before assembling the circuit and note the ratings
· Measure the three load resistances (record in the following table).
· Set the variable resistance box to the design value of RS and measure and record it

· Set and measure the power supply voltage to its design value (record the value).
	Color Code

(List Colors)
	Nominal Value
	Measured Value
	Wattage

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Resistor Box
	
	
	

	Power Supply
	
	
	XXX


Is the maximum bus current within the capability of the power supply?  ______________

Is the maximum current within the power capability of the resistor box? ______________

Step 5: Build the Circuit on the Quad Board
To ensure that you have a good plan, layout the proposed circuit in the figure on the next page.
· Insert mounted resistors where you need them.
· Show connections from the power supply (use the V1 supply), variable resistor box, and DMM’s to the circuit.
· Insert either short cables our shorting bars to represent the switches.
· Make sure you have a closed path.
· Which jacks are used on the DMM to measure voltage (circle one)?

(a) Right-most top two
(b) Right-most bottom two
(c) Right-most top & bottom
· Which jacks are used on the DMM to measure current (circle one)?

(a) Right-most top two
(b) Right-most bottom two
(c) Right-most top & bottom
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Have the instructor or lab tech verify your layout before proceeding: ____________
Build the circuit on your quad board (remember, keep the power supply de-energized until you have checked your wiring and are ready to run your experiment).
Step 6: Perform the experiment
· Energize the power supply

· Collect data (
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) for the three possible configurations

	Config
	
[image: image32.wmf]EQ

R


	
[image: image33.wmf]BUS

V


	
[image: image34.wmf]BUS

I


	
[image: image35.wmf]Load

P

 (calc.)

	1 Load
	
	
	
	

	2 Loads
	
	
	
	

	3 Loads
	
	
	
	


Have the instructor or lab tech verify your data before proceeding: ____________
Step 7: Make any data calculations and answer follow-up questions
· Calculate the power delivered to the load for the three configurations and record the values in the table. Show the calculation for the 2 Loads configuration below.
· Calculate the actual percentage in load voltage variation achieved (how much % up and how much % voltage down, assuming 5V is the nominal value). Why is this different from the 
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 design goal?

· Given our source parameters (keeping 
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 and 
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 the same), what would be the new load voltage variation if we added a fourth 
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 load? (if you have time, test your solution in the lab)
· What would be the new source parameters required (for the 3-load case) if we wanted to reduce the load voltage variation to
[image: image40.wmf]%
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? (if you have time, test your solution in the lab)

Step 8: Disassemble the circuit and organize your workstation. Hand in the assignment as directed by your instructor.
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