LINEAR MOTION EXPERIMENTS

3.4.1 DESCRIPTION

The Seesaw Module shown in Figure SS| consists of two long
arms hinged onto a support fulcrum. The axis is coupled to
a potentiometer viaa 3:1 gear ratio which is used to measures
the angular deflection of the seesaw. The pendulum track and
cart(the pendulum itself is not used and should be removed)
can easily be placed on top of the seesaw resutting in the
experimental setupforthis lab. The objective of the experighent
is to design a feedback control system that controls the position
of the cart such that the seesaw remains horizontal.
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SS | Seesaw Module with Inverted Pendulum track and cart

3.4.2 MATHEMATICAL MODEL

Consider the simplified model shown in Figure SS2.

SS 2 Simplified model for seesaw experiment

where

F = input force to the cart (N

m = mass of the cart (Kg)

M = Mass of [seesaw + track] (kg)

o = distance of centre of gravity of [seesaw +track]
from pivot point{m)

h = height of track from pivot point(m)

3.4 SEESAW

The states of the system are:
X = position of the cart relative to the centre of the
track (m)

= velocity of the cart(m/sec)
= angle of the seesaw relative to the vertical (rad)
= angular velocity of the seesaw(rad/sec)
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Note the directions defined for these variables in Figure SS2.

The nonlinear model is derived using MAPLE (symbolic
manipulation language). The kinetic and potential energies
of each element in the system are individually derived and then
the non-linear differential equations are obtained as:
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The linear model is derived as:
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Using system parameters and converting to voltage input we
have:
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Which is the desired representation.

3.4.3 CONTROL SYSTEM DESIGN

Using MATLAB (Igr design) we obtain the optimal feedback
gain K which minimizes the quadratic performance index:

J = f(x’Qx+rV2) at
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K=[96 114 9.3 40.7] for units in V/rad and V/m.

s or

K =[0.96 2.0.09 .7] for units in V/deg and V/cm

3.4 SEESAW

3.4.4 RESULTS

Figure SS3 shows the response of the seesaw angle to a
disturbance. The disturbance was a tap to the seesaw that
caused it to swing to approximately 6 degrees, The seesaw
tits back and settles in the horizontal position within 2 seconds.

N L s 0N
T

-2

°.3 1 V.8 2z s 3 3-8 - -3 s
Tiag

SS 3 Disturbance response of seesaw angle



SYSTEM PARAMETERS
5.2.4 SEESAW

PARAMETER SYMBOL VALUE UNITS
| SEESAW + | TRACKMASS [ M 33 Kg
| SEESAW + | TRACK * 0.42 Kgm’
INERTIA
CENTER OF GRAVITY c* 0.058 m
HEIGHT OF TRACK h* 0.14 m
POTENTIOMETER 0 KQ .
RESISTANCE
BiAS RESISTORS 0 Q
BiAS VOLTAGE Vb +/- 12 Volts
GEAR RATIO TO FULCRUM 3 N/A
SHAFT
SENSISTIVITY Ks 0.204 V/deg
RANGE +/-15 | Deg

* at nominal height / factory setting. Values change with height h

The equivalent circuit that is achieved using the Quick Connect Module (QCM) is shown below in figure Wi 10.
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WI- 10 Wiring the seesaw angle sensor



