Exercise 13: Power Sources and MatLab

(A modification of a lab developed by Peter Mathys at the University of Colorado at Boulder---full credit for this exercise goes to Peter Mathys.)
Goals of this Exercise
· Characterize linear source networks by their Thévenin and Norton equivalents.

· Measure the i-v characteristics of your Boe-Bot battery packs.

· Determine the maximum power that can be delivered by your Boe-Bot battery packs and the conditions for maximum power transfer.



1. Introduction

Most electronic circuits need power to operate properly. For theoretical purposes ideal voltage and current sources can be used. In the lab there are regulated power supplies with fixed or variable voltage. In portable equipment like cellphones, digital cameras, CD players, etc, alkaline batteries or NiMH rechargeable batteries are used. The following blockdiagram shows a two-terminal interface between a (power) source network and a load network.

[image: image1.jpg]2 TEAVIN pL TINRERE 5O BEORWEEN SSwitl SO Lo mD





Interesting questions to ask about 2-terminal power source are: 

· What is the maximum voltage at the output of the source?

· What is the maximum current at the output of the source?

· What is the maximum power that the source can deliver?

Practical linear sources and source networks can be modeled using Thévenin and/or Norton equivalents as shown in the next figure.
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Thévenin and Norton sources are uniquely characterized by specifying any two of the following three parameters:

i. The open circuit voltage voc.

ii. The short circuit current isc.

iii. The internal resistance Rs.

The figure below shows the relationship between vs, is, voc, isc, and Rs for the Thévenin and Norton models.
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The next figure shows the i-v characteristic of a linear source characterized by voc, isc, and Rs. 
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From the i-v characteristic it is easy to see that the maximum voltage that the source can deliver is voc and the maximum current is isc.

The power p delivered by a linear source to a load resistor RL can be computed as follows: 
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To maximize the power delivered to the load by choice of RL, take the first derivative of p with respect to RL and set the resulting expression to zero. The computation is shown in the figure below.
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Thus, knowing any two of the three quantities voc, isc, and Rs suffices to plot the i-v characteristic of a linear source, and to determine the maximum voltage, current, and power that can be delivered to a load. This is shown graphically in the next figure.
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Consider now the problem of determining voc, isc, and Rs from measurements made at the output of a real power source. Here is a set of (v,i) measurements from an unregulated 5 Vdc, 1.2 A power supply:

	v [V]
	i [A]

	6.935
	0

	6.030
	0.473

	5.678
	0.697

	5.427
	0.872

	4.975
	1.220

	4.121
	1.994


The following Matlab plot shows the resulting i-v characteristic. 
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This is not too far away from the i-v characteristic of a linear source network. In Matlab the command

p = polyfit(v,i,1)

can be used to fit a polynomial of degree 1, i.e., a straight line with offset described by

i = p(1)*v + p(2)

to the measured (v,i) pairs. For more information on polyfit, follow this link to the material presented with Exercise 5.  A script file that fits a one-degree polynomial to the data above and plots the result is shown below. 

[image: image9.png]=

b

C:\coursestecen2250's05\ atex\labO4\iv_pwrsuppl.m [B[=]
File Edt View Text Debug Breskpoints Web Window Help
DEE&[ 2@ |@H | BR[EDEHBE| s
4[| *iv_pursuppl i-v characteristic of wnregulated 5V, 1200 A pover supply
2
E 2-10-05, P. Mathys
4
5 | % Measured (v,i) values
6-| v - [6.935 6.030 5.678 5.427 4.975 4.121];
7-| 1-roi0 0473 0.637 0.872 1.220 1.994];
8
9| | % Fitting Degree 1 Polynomial: i = p(Li*v + p(2]
10 | % where p = [p(1) p(2]] ave the polyomial coetficients
11|=| b = polyEitiv,i, i1
12| isc = pi2); “Estinate of 1_sc based on neasured data
13[-| voe = -przi/pir; “Estinate of v_oc based on neasured data
14/-| Rs = vocsise: “Estinate of Rs based on neasured data
15
16[-| atsp(rise - mmzare(isc)])
17|=| disp({'v_oc = ' mmzste (voc) 1)
18[-| aisp((' Fs - ' numestr(Ra)1)
19
20| plot(v,i, 0,0 vocl, [ise 01,'-c')
21|-| gria
22/-| aas(ra 702y
23[-| xaabeL('v [V]'),ylabel ("1 [A]')
24[-| title('Measured (v,1) Pairs of Unregulated Svdc Pover Supply')
‘
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The resulting graph is shown next. 
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In this case polyfit tries to match all of the measured data as closely as possible. This may not be the best approach if a power supply is only intended to be used over a narrow range of voltages and/or currents, e.g., near 5V, 1.2A in the above example. The following Matlab script shows how make a polynomial fit over a selected subset of the (v,i) data by using v(3:6) and i(3:6) instead of v and i. 
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4] | Fiv_pwrsupz i-v characteristic of wrequlated 5V, 1200 mh pover supply

2 | x Nodified version, modeling hehavior near 5V

3

4 | s 2-10-05, P. Mathys

5

6 | % Measured (v,1) values

7-| v - (6.935 6.030 5.678 5.427 4.975 4.121];

8- 1-(0.0 0.473 0.697 0.872 1.220 1.994];

o

10| | % Fitting Degree 1 Polynomial: i = p(Li*v + p(2]

11| | % where p = [p(1) p(2)] ave the polynomial coefficients

12/-| b - polyEit(v(3:61,4(3:6),11; $Polyfit to reduced measured data set

13| isc = pi2); “Estimate of i_sc based on neasured data

14| woc = -p(21/pid) “Estimate of v_oc based on neasured date

15/-| Rs = vocsise: “Estinate of R_s based on measured data

18]

17| disp(r'i_se = ' mmzste(ise)])

18- | disp({'v_oc = ' mmzste (voc) 1)

19(-| atsp([* Fs = * mm2str(Rs)])

20)

21| plot(v,i, 0=, 0 vocl, [ise 01,'-u')

22/-| gria

23~ | axis([47 0 21)

24[-| x1abeLv (V]'),yiabel ("1 [A]')

25(-| titie(i-v Characteristic of Unregulated SVac Pover Supply near 1.2A')
‘





The resulting plot and values for voc, isc, and Rs are shown below. 
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Questions
1. Measure the i-v characteristic of the batteries in your boe-bot battery pack.  
1. You will need the following:
· 1 100k potentiometer

· 2 digital multimeters---one for measuring current and one for measuring voltage

· 2 alligator-clip leads

· You boe-bot and misc. wires

2. Create a circuit in which the potentiometer is connected between Vin (not Vdd) and Vss.  Using the alligator leads, connect 1 multimeter in the circuit to measure the current flowing through the potentiometer.

3. Measure voltage across the legs of the potentiometer using the other multimeter.
4. Measure at least 6 different (v,i) pairs for the battery pack.
5. Enter the measured values in a Matlab script file and use the polyfit function (for degree 1) to obtain values for voc (open circuit voltage), isc (short circuit current) and Rs (internal resistance).   Show your plot to your instructor or TA and get their initials below.
______________________

2.  What is the maximum power the battery pack can deliver?  Show your work.
