LINEAR MOTION EXPERIMENTS

3.1.1 DESCRIPTION
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3.1.2 MATHEMATICAL MODEL

The basic component for the linear motion experiments is
the inverted pendulum cart and track shown in Figure SRV_L |
it consists of a cart which slides on a ground stainless steel shaft.
The cartis equipped with a motor and a potentiometer. These
are coupled to a rack and pinion mechanism to input the driving
force to the system and to measure cart position respectively.
The motor shaft is connected to a 0.5" diameter gear while
the potentiometer shaft is connected to a |.166" diameter
gear. Both these gears mesh with the toothed rack. When
the motor turns, the torque created at the output shaft is
- translated to a linear force which results in the cart's motion.
When the cart moves, the potentiometer shaft turns and the
voltage measured from the potentiometer can be calibrated
to obtain the track position. The purpose of the feedback
system is to control the position of the cart.
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SRV _L I Inverted Pendulum Cart

The differential equation for the cart with force as input is simply
(see Figure SRV_L 2):

F=mx
the system however is driven by a DC motor whose equations
are:

X

V=1R, + KKw, = [[R, + Kng7
where w, is the motor output angular velocity (after the
gearbox), X is the cart linear velocity and r is the radius of the

output gear that meshes with the track.
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SRV_L 2 Simplified model for linear positioning servo

The above equation results in:
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The torque generated at the output of the motor is:
T = KKl

which results in a force applied to the cart as
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resulting in
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Note the similarity of this transfer function with the transfer
function of the open loop rotary servo plant. Substituting the
system parameter values we have:

x_ 1
V  s(0.26s + 4.47)

3.1.3 CONTROL SYSTEM DESIGN

The design proceeds as in the rotary servo design. The
controller is of the form:

V= Kfxg - %) - Kx
resufting in a closed loop transfer function:

X A%

Xy 02657 + (447 + K)s + K,

the desired response has a peak time of 0.5 seconds and is
critically damped:

T -025 ¢-0707
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resulting in

Kp = 0.83 V/cm and Kd = 0.02 V sec/cm
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3.1.4 RESULTS

The step response of the system using the above gains is shown
in Figure SRV_L 3. The system behaves as expected but it is
importantto note that when the amplifier saturates, the dynamic
response will slow down.

i

©.3 0.2 o.3 O.4 o.5
L

o o 4 &
T

|
|
oe °.7 o.8 o.» \ ‘l
|

SRV _L 3 Step response of linear servo

CAUTION

High frequency voltage applied to a {(any) motor will
eventually damage the gearbox or the brushes. The most
likely source for high frequency noise is derivative feedback.
If the derivative feedback gain is too high, a noisy voltage
will be fed to the motor. You should have a band-limited
differentiator rather than a pure differentiator running in the
feedback loop (See section 4.5). If you hear a "buzz" in the
motor you are feeding high frequency noise to the motor
and will damage it. Tum the motor off immediately and
reconsider your design! Select a low pass filtter frequency
that eliminates the "buzz" or reduce the derivative gain.
Always have an anti-aliasing fitter connected to the input
of the A/D. This could simply be a capacitor as shown in
the wiring diagrams. The capacitor will fitter out high
frequency noise before it is processed.
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SYSTEM PARAMETERS
5.2.1 LINEAR POSITION SERVO

PARAMETER SYMBOL | VALUE UNITS CAUTION
MOTOR TORQUE CONSTANT KtKmKb | .00767 | Nm/amp High frequency voltage applied to a (any)
BACK EMF CONSTANT VA(radfsec) motor will eventually damage the gearbox
EFFICIENGY Eff 0.9 or the brushes. The most likely source for
high frequency noise is derivative
ARMATURE RESISTANCE Rm 26 Q feedback. If the derivative feedback gain is
ARMATURE INDUCTANCE Lm 0.18 mHenry W too high, a noisy voltage will be fed to the
: motor. You should have a band-limited
MAXIMUM VOLTAGE Vmax 6.0 Volts differentiator rather than a pure
INTERNAL GEAR RATIO Kg 3.7 differentiator running in the feedback loop
= > (See section 4.5). If you hear a "buzz" in
ARMATURE INERTIA Jm 3.87¢" | Kgm the motor you are feeding high frequency
MOTOR GEAR RADIUS r 0.635 m noise to the motor and will damage it.
0.455 ” Turn the motor off immediately and
CART MASS M A g reconsider your design! Select a low pass
CART POSITION POTENTIOMETER | Rs 10 KQ filter frequency that eliminates the "buzz"
or reduce the derivative gain. Always
BIAS VOLTAGE b 12 | Vol have an anti-aliasing filter connected to
BIAS RESISTORS Rb 7.15 KQ the input of the A/D. This could simply be
ROTATIONAL RANGE - 3600 Deg a capacitor as shgwn 0 the winng
- diagrams. The capacitor will filter out high
POTENTIOMETER GEAR DIAMETER .48 cm. frequency noise before it is processed.
LINEAR RANGE 93.0 cm.
TRACK LENGTH 99.0 cm.
CART TRAVEL 91.4 cm.
POTENTIOMETER SENSITIVITY Ks 0.107 Viem.

The equivalent circuit that is achieved using the Quick Connect Module (QCM) is shown below in figure W1 7.
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WI- 7 Wiring the inverted pendulum cart motor and cart
position sensor



