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EE301-Spring 2009

Laboratory Project 9 – First and Second Order Transient Responses

Note:  There is a Pre-Lab for Each (2) Circuit – the ‘s’ is the Laplace variable

First Order System
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Figure 1:  Circuit Diagram for a First Order System

Background

A transfer function helps us relates the input (Vs) to the output (Vo).  The transfer functions are obtained by using the same circuit analysis that we have been using.  For the circuit shown in Figure 1, neglecting the internal resistance of the signal generator, the circuit equations are:

Impedances:  
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Voltage across capacitor using Ohm’s Law:  
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Therefore, the transfer function is:
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The “poles” of the system determined by finding values of s that makes the denominator go to zero – in this case the pole is at –1/RC.

If Vs is a unit step input (
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), one can do a partial fraction expansion and then the inverse Laplace transform to determine 
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.  A time constant is used to determine how quickly a system reacts.  It is defined as = RC (or the reciprocal of the pole location).  If t =  is substituted into the vo(t) equation, it can be seen that the value of vo(t) = 0.63 at the time constant.  This gives us a good way to experimentally find the time constant and therefore identify the system.

 Preliminary (part 1)

Given:
C=0.47 F, R=4700  a and Rp = 0 to 5 K and that the resistance in the signal generator can be ignored.

· Plot vo(t) using 
[image: image9.wmf]t

RC

o

e

t

v

1

1

)

(

-

-

=

 for 0<t<0.02.  Matlab code given Excel can also be used.  
R=4700+ 0; % Note this is a comment – run again with 4700 +5000

C=0.47E-6;

t=[0:0.0001:0.03];

plot(t,1-exp(-t/(R*C)))

grid

title('Response of a First Order System')

xlabel('Time (sec)')

ylabel('Amplitude (volts)')

· Find the value of time when vo(t) = 0.63 from the plot when the potentiometer is at its minimum and maximum values.  These are your time constants, .

· Calculate the value of the pole, a, using the values of R and C where 
[image: image10.wmf]C

R

a

×

=

1

. 

· Find the value of  by calculating = 1/a or = RC.

· Calculate the settling time, and rise time. (Equations and definitions provided in Appendix) 

Table 1:  Preliminary data for the first order system

	(from plot) with Rp = 0 
	

	(from plot) with Rp = 5 k
	

	a with Rp = 0 
	

	a with Rp = 5 k
	

	(from a with Rp = 0 )
	

	(from a with Rp = 5 k)
	

	Ts (with Rp = 0 )
	

	Ts ( with Rp = 5 k)
	

	Tr (with Rp = 0 )
	

	Tr (with Rp = 5 k)
	


Experimental (part 1)

· Construct the circuit shown in Figure 1 with C = 0.47 F, R=4700 and Rp set to 0
· We will be using a square wave, 1 volt peak-to-peak with a DC offset of 0.5 volts at 6 Hertz to simulate a unit step input.  So, the waveform will go between 0 and 1 volt.  

· Using the oscilloscope, verify that you have a signal from the signal generator as specified above before attaching the signal generator to the circuit.

· On the oscilloscope, the input should be viewed on channel 1 and the output on channel 2.

· To measure the time at which the output voltage is at values of 0.1, 0.63, 0.9 and 0.98 volts, the time axis will have to be zoomed.  Pay close attention to units (m vs. ). 

· Scale the voltage axes to both have 150 mV/div.  This will have to be done using the “fine” setting on the channels.

· To experimentally determine the time constant, measure the time from the start of the square wave to the time where the voltage is equal to 0.63 volts.  Record the value and calculate the pole location, a.  You will want to use the “cursor” button for measurements.

· To determine the rise time, measure the times where the output voltage is at values of 0.1 and 0.9 volts, then calculate the rise time.

· To determine the settling time, measure the times where the output voltage is at values of 0.98 volts.

· Obtain a printout of one cycle of the response.

· Repeat with the Rp = 5 k.

Table 2:  Experimental data for the first order system

	
	With  Rp = 0 
	With  Rp =5 k

	(from 0.63)
	
	

	a (from above)
	
	

	T0.1
	
	

	T0.9
	
	

	Tr = T0.9-T0.1
	
	

	Ts
	
	

	a calucuated from 
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	a calucuated from 
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(Note:  Appendix has a figure on where to measure these values)

Post Lab (part 1)

Answer the following questions.

1. Compare the predicted and experimental time constants and pole locations.  What may have contributed to any differences? Were all the times equally easy to measure?

2. Compare your predicted settling and rise times to the experimental.  What may have contributed to any differences? 

3. List one mechanical, chemical or thermal system that behaves like a first order system.

Second Order System


Figure 2:  Circuit Diagram for a Second Order System
Figure 3:  Mechanical Analog

Background

For the circuit shown in Figure 2, neglecting the internal resistance of the signal generator, the circuit equations are where R is the total resistance:

Impedances:  
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Current:  
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Voltage across capacitor using Ohm’s Law:  
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Therefore, the transfer function is:
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By comparing this transfer function to the standard second order transfer function, 
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, the natural frequency, n = 
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 and the damping raitio,  = 
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For the mechanical analog,  R = b, L = M and C = 1/k and the transfer function relating the force ro position of the mass is:
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Preliminary (part 2)

Given:
L = 90mH, C = 0.047F, R= 220 Rp=450 to 700 Assume that the resistance in the signal generator cannot be ignored and that the system will produce an underdamped response.  An Rs value of 50  for the signal generator as well as 10  for the non-ideal inductor should be added to the resistance.

· Find the natural frequency, n, using n = 
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for Rp = 450 and 700 .

· Calculate the damped natural frequency, 
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 for Rp = 450 and 700 .

· Calculate the expected settling time, time to peak, rise time and percent overshoot for Rp = 450 and 700 . (Equations and definitions provided in Appendix)

· You may find it helpful to get a plot in Matlab by typing:

L=90e-3;

C=0.047e-6;

R=450+220+10+50; % or change 450 to 700

step([1/(L*C)],[1 R/L 1/(L*C)])  

Then right click to bring a menu up to find things like rise time, time to peak, settling time under “characteristics” (move cursor to dot to see parameters).  Or left clicking and holding on the line will activate “the hand” and give you the value and time of the response.  

Table 3:  Preliminary data for the second order system

	
	For Rp = 450 
	For Rp = 700 

	n
	
	

	
	
	

	d
	
	

	Ts
	
	

	Tp
	
	

	Tr
	
	

	%OS
	
	


Experimental (part 2)

· Construct the circuit shown in Figure 2 with L = 90mH, C = 0.047F, R=220 and Rp set to 450 and 700 
· We will be using a square wave, 1 volt peak to peak with a DC offset of 0.5 volts at 150 Hertz to simulate a unit step input.  

· Verify that you have a signal from the signal generator that looks lik before attaching the signal generator to the circuit.

· On the oscilloscope, the input should be viewed on channel 1 and the output on channel 2.

· Have a little fun….. vary the potentiometer to see the response change from over-damped to under-damped.  

· Measure the rise time, settling time, time to peak and percent overshoot for Rp set to 450 and 700.  Again, zooming in can make you measurements more accurate.

· Obtain a printout of one cycle of the response.

· Using the percent overshoot, calculate the damping ratio, for Rp set to 450 and 700 .  

· Using the time to peak, calculate the natural frequency, n for Rp set to 450 and 700 .

· Using the settling time, calculate the natural frequency, n for Rp set to 450 and 700 .

· Rumor has it that the inductors values are not very accurate.  Assuming the capacitor is accurate (granted, a big leap of faith) calculate what you think is the real value of the inductor based on the experimental value of the natural frequency.

Table 4:  Experimental data for the second order system

	
	For Rp = 450 
	For Rp = 700 

	Ts
	
	

	Tp
	
	

	T0.1
	
	

	T0.9
	
	

	Tr = T0.9-T0.1
	
	

	%OS
	
	

	
	
	

	n (from Tp)
	
	

	n (from Ts)
	
	

	L (from n)
	
	


(Note:  Appendix has a figure on where to measure these values)

Post Lab (part 2)

Answer the following questions.

1. Compare the predicted and experimental values for the natural frequency and damping ratio.  What may have contributed to any differences? 

2. Compare the predicted and experimental values for the time to peak, rise time and settling time.  Was there a difference in the natural frequency obtained from the settling time and the one from the time to peak?  Which one was closer to the model?

3. List one mechanical, chemical or thermal system that behaves like a second order system.

Appendix A – Definition of Terms for First and Second Order Responses

General Definitions

Rise Time – The time for a response to go from 0.1 to 0.9 of its final value.  

Settling Time – The time for a response to reach and stay within 0.98 of its final value.

Time to Peak – The time for a response to reach its first (maximum) peak.

Percent Overshoot – The amount the response overshoots the final (steady- state) value.

First Order System
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Figure A1:  Step response of a first order system

For a first order system where, 
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Second Order System
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Figure A2:  Step response of an underdamped, second order system

For a standard second order system where 
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The poles are at, s =
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For the underdamped case where 0<<1, the following equations are valid.
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Tr=(1.76*3 - 0.417*2 + 1.039* +1)/n
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