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Position Control of a Cartesian Co-Ordinate Type Flexible Arm
with Suppression of Vibration
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This paper proposes a new position control method which suppresses the first mode of the
vibration of a cartesian co-ordinate type flexible arm. When one-step input is applied to the flexible
arm, the vibration of the arm becomes a linear combination of damped oscillations. When the second
step input is applied to the flexible arm, if we choose properly the magnitudes of the second step and
the interval between the first step input and the second step input, the vibration, which is generated
by the first step input, can be suppressed by the vibration caused by the second step input. From the
results of computer simulation and of the experiment, the first mode of the vibration can thoroughly
be suppressed by the proposed method. Because the proposed method is based on a feed-forward
control, the parameter error affects the controllability. However, it is also confirmed that even if the
natural frequency of the first mode varies, the flexible arm less vibrates than the case of no control.
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Fig. 1 Vibration signal of the first mode
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Fig. 2 Block diagram of the system used for the

simulation
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Fig. 3 First mode vibration of the flexible arm, (a)
with the conventional one-step input and (b) with
the proposed two-step input
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Fig. 4 Vibration of the flexible arm when the wrong'
angular frequency is used, (a) with the conventional
one-step input and (b) with the proposed two-step
input
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Fig. 6 Schematic configuration of a flexible arm

Table 1 Parameters of the flexible arm
L Parameter Value §|
2.06 x 1011 [Pa)

E : modulus of elasticity

p : density 7.86 x 103 [kg/m?]
! : length of the arm 8.00 x 10~ [m]
b : width of the arm 2.00 x 1072 [m]
A : cross-section area 3.00 x 1073 [m?] -

I : second moment of area | 5.63 x 10~12 [m4]
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Fig. 7 Periodogram of the vibration
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Fig. 8 Measured vibration when the distance d is
100mm, (a) with the conventional one-step input

and (b) with the proposed two-step input
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Fig. 9 Measured vibration when the distance d is
500mm, (a) with the conventional one-step input
and (b) with the proposed two-step input

y [mm]

400 é— 4

200 |- -

t[s]
Fig. 10 Position of the carriage when the diatance
d is 500mm , (a) instructed position and (b) actual

position
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Fig. 11 Measured vibration when the distance d

is 500mm, (a) with the conventional one-step input
and (b) with the proposed four-step input
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Fig. 12 Position of the carriage when the diatance
d is 500mm , (a) instructed position and (b) actual

position
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