ME 576 
Lab. 11 for Modelling of Horizontal Mill and AC Motor


A.  Milling Machine

Introduction

The purpose of this experiment is to accurately determine the continuous-time model of a real system and to use this model to design a controller.  The frequency response of the model will be constructed by generating a series of reference sinusoids and using the sinusoids as inputs to the system.  The input/output relationship of these sinusoids will be used to construct the magnitude and phase frequency response plots of the system, which will be used to generate the continuous-time model of the system.  Using this model a discrete PID controller will be designed to meet performance criteria given.

System Identification

A sinusoid of a single amplitude and frequency will be given to the system as an input, the output of the system is recorded, and the resulting magnitude ratio and phase shift of the response will be plotted.  This procedure will be continued for various frequencies until accurate frequency response plots are generated.

Hookup Procedure

The horizontal mill should be powered up by the TA.  Once this has been completed, the control wires for the table and spindle should be attached as follows:


Table Control Signal 
Analog Output 0


Table Feedback Signal
Analog Input 0


Spindle Control Signal
Analog Ouput 1


Spindle Feedback Signal
Analog Input 1

When all connections have been made TURN THE SELECTOR SWITCH TO MANUAL and turn on the power from the operator console.  Press the Table Start and Spindle Start buttons on the operator console (the green lights should be on).  Do not turn on the hydraulics since the spindle will not be running.

Power up the PC, go to the subdirectory horizmil, and run the program sintable.  A user interface screen will appear as in Figure 1.
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Figure 1 - User Interface Screen for Sinusoidal Input

Sinusoidal Responses

The command signal sent to the table is a voltage which is proportional to the desired velocity.  The feedback signal is a voltagle level which is proportional to the actual velocity of the table.  The experiment will consist of sending a sinusoidal voltage signal at a given frequency to the table and recording the output.  Using a series of these responses over a range of frequencies will  produce a frequency response curve from which a continuous-time model for the system may be generated.

Enter the desired frequency, amplitude, and the number of cycles desired.  Choose a filename for the particular frequency and give it a .m extension.  An example of an appropriate filename would be test1.m.  The .m extension is used so that the data may be directly imported into MATLAB by typing the filename within the MATLAB environment.  To load the data from test1.m into MATLAB, one would only have to type test1 at the MATLAB prompt.

Run the experiment for the following frequencies, amplitudes, and cycles:

	Frequency (Hz)
	Amplitude (volts)
	No. of Cycles

	.5
	2
	3

	1
	2
	6

	3
	2
	8

	5
	1.5
	20

	10
	.7
	20


From the data obtained at the frequencies above, find the magnitude ratio (in dB) and the phase shift (in degrees) for each frequency.

Model Generation

Figure 2 shows the experimentally determined frequency plots for the table.  Add your data points from the magnitude and phase responses obtained above.

From Figure 2, determine an acceptable continuous-time model.  Assume the system has no zeros.
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Figure 2 - Frequency Response Plots for Table on Horizontal Mill

