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Introduction

This paper describes the physical model of a servomotor and a Nektor working together underwater.  Since the details of the design are not yet finalized we make several assumptions about the size and shape of the Nektors, their associated moment of inertia, and the cruising speed of the vehicle.  This system has to work directly with the high level AUV control system. We are expecting our inputs from the high level system to consist of the amplitude of the flapping of the Nektors, the frequency of that motion, and the angle about which they will flap.  If the high level group decides to only provide the desired thrust and the angle about which to rotate, we will use a relationship between thrust, frequency and amplitude to determine the value of the product of the frequency and amplitude.  This gives us the freedom to choose the individual values that produce the product, within reasonable values.

Model relating Torque and Nektor Rotational Motion


The model given in the book for a servomotor relates torque to the angular motion of the shaft.  In this model the J represents the moment of inertia of the load connected to the shaft, and B accounts for the air and bearings friction. The equation is:
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That model needs to be modified to work for the motion of the Nektors underwater.  While the moment of inertia of the load continues to affect the relation in the same manner, the friction now depends on the medium, namely water, and the way the Nektor moves through it.  This model accounts for the size of the Nektor and the capital C is a constant with value of 1.5. The letter ( represents the density of water, normally 1000 kg/m3, though it would probably be higher for pond water.  A stands for the area of the Nektor, 150 cm2.  The letter v is the speed at which the vehicle is moving through water, which should typically be about 1m/s.  Finally lowercase c represents its chord length that will be about 10 cm.

This model uses the term sin|(| to relate the angle at which the Nektor is relative to the motion of the vehicle, to determine how much torque is needed to rotate it.  It also shows that more torque is necessary to rotate the Nektor when the vehicle is moving at higher speeds.  In fact, the torque needed is proportional to the square of the speed.  At angles less than 15 degrees sin( can be approximated as simply (.  This approximation simplifies our analysis of the model when working by hand.  When we work with the computer we have no need to make this simplification.

We calculated the moment of inertia for a Nektor assuming the chord is 10cm, the length is 15 cm and the thickness is 2cm.  We also assume that the density of the Nektor is the same as the density of water. With these numbers we calculated the moment of inertia to be 4.375 x 10-4 kg m2.

Model relating Thrust to Frequency and Amplitude

Using the previous model we can estimate how much torque we need the motor to produce to move at the desired frequency and amplitude.  This model allows us to determine the frequency and amplitude that we need to deliver if the command received from the high-level control system states that a specific amount of thrust must be produced. The model is as follows:
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Most of the variables have been defined above and retain their meaning. The ( represents the angular frequency of the motion of the Nektor, and (( stands for the amplitude of this motion.  The product of these remains constant for a specified value of thrust.

Relating PID constants to Torque

We have begun to prepare for constructing a PID control system for the motion of the Nektor and have defined some of the terms that will factor into said system.
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In these equations, ( is the current position of the Nektor, and ( is the current desired position of the Nektor. Thus, E represents the error in the position.  Torque can then be controlled using a PID system.  KP, KD, and KI are the PID constants that need to be determined later to achieve desirable performance.

Dr. Howle’s Pilotfish Data


Dr. Howle provided us with data he gathered from a wind tunnel with the pilotfish. The data was a group of measurements taken with varying wind speeds and varying pilotfish angles. The data can be used to approximate the motion of the Nektor. The variables of interest are drag, lift, side, and yaw. We took the data and plotted it using Matlab. For angles from 0 degrees to 22.5 degrees, the variables were measured with four different wind speeds. For the last two angles (45 and 90 degrees), only three different speeds were used. That is the reason why each variable has two different plots. The first one is for the smaller angles, and the second is for the two larger angles. 


It should be noted that because the collected data is sparse, there appears a linear relationship between consecutive data points. This may not actually be the case, but it is a fair assumption to make at this point.  On the following pages are attached the plots of the drag, lift, side, and yaw data using the guidelines stated above.

� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���








[image: image5.wmf]Q

-

=

Q

sin

2

1

2

c

Av

C

J

r

t

&

&

[image: image6.wmf]v

c

s

s

Av

Thrust

DQ

´

=

-

´

´

´

=

w

r

2

)

1

.

0

(

5

.

2

2

[image: image7.wmf]Q

-

=

Q

&

&

&

B

J

t

[image: image8.wmf]ò

+

+

=

Q

-

Q

=

Edt

K

dt

dE

K

E

K

E

I

D

p

t

_1034851225.unknown

_1034854468.unknown

_1034855217.unknown

_1034851063.unknown

