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ABSTRACT

An Active Composite Platform (ACP) is designed, analyzed, manufactured, and tested
for vibration suppression and precision positioning capabilities to be utilized in an experiment.
Piezoelectric actuators (piezos) from Active Control eXperts, Inc. (ACX) were surface-mounted
onto a composite beam to develop active composites that can perform both vibration suppression
and precision positioning. An Active Aluminum Platform (AAP) was designed, analyzed,
manufactured and tested first in order to become familiar with the piezos and finite element
software, ANSYS. Numerical solutions obtained from ANSYS estimated the maximum
deftlection of each solid model (AAP and ACP) as well as their vibration suppression
capabilities. Upon successful manufacturing, the platforms were tested. The AAP showed a
reduction of vibration of 96.27 % and the ACP showed a reduction of vibration of 70.5 %. Foré
DC input voltage of 80 V, the AAP showed a maximum deflection of 0.348 mm and the ACP
showed a maximum deflection of 0.015 mm. The higher stiffness and larger thickness of the
composite material when compared to the aluminum material explains the ditference in vibratio
and positioning capabilities of both platforms. :

INTRODUCTION

Adaptive or intelligent materials and systems are expected to lead to radically new and
novel structures that will have capabilities for sensing and responding to external stimuli
imposed upon them. The use of composite material takes advantage of high strength and
stiffness-to-weight ratios combined with the flexibility in tailoring the structure to meet the
loading conditions, resulting in greatly increased structural efficiency. Therefore, the
combination of sensing, actuating, information processing, and feedback/feedforward
capabilities with composite materials yields a total Smart Composite system with optimized
properties, sensing, response, and performance. Space mission payofts in the use of Smart
Composite systems include improvement in mission accuracy, equipment redundancy or
versatility, maneuverability, reliability, survivability and orbit lifetime.

Piezoelectric materials are utilized in this application as actuators. Piezoelectric mate
do not require radiation shielding and are fairly insensitive to temperature, unlike fiber optics
electrostrictive materials such as lead-magnesium-niobate, (PMN) (Anderson et. al, 1990).
Furthermore, the inherent rigidity of piezoelectric ceramic materials also leads to a more e
conversion of electrical to mechanical energy, ensuring good actuation capabilities.

Since the precision positioning requirements for active structures are in the order of
microns, little to no vibration due to maneuvering of the spacecrafl can be tolerated. Active
control systems that rely on piezoelectric materials are effective in controlling the vibrations
structural elements such as beams, plates and shells. Dimitriadis et al (1991) developed an
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In the analysis portion, completed in thc . es of this project, a threshold voltage
was discovered. This voltage is the maximum voltage lowable to suppress the vibration
occurring from a specific input force. Applying # voltage higher than the threshold results in
allowing the piezos to cause the vibration because w voltage begins to cause the piezos
to excite the platform with a higher force than the input ferge. For instance, with an input
sinusotdal force of 0.13 N at 35 Hz, the follomngm&n the ACP model are shown for both

the harmonic and transient analyses. The threshold voltage for the AAP and ACP were found to
be 40 V and 20 V. respectively, for an input sinusoidal farce of 0.13 N at 35 Hz.

b

Harmonic Analysis of Composite Platform

Tunsnen! Analysis of Composite Platform
with F=0.13 N

with F =013 N at 35 Hz

0.08 . O-M
0.07 —— m—y=( me—=20 : o t . — (] e— 2 ()
- - omv=30 0.04 £, - - -V
E 0.06 E oo / -
- 0.05 . o,

] 5 004 -——n————-——-ﬂ-—u—-—- § 0 / \" i L
: ST >
g 0.02 - ma mm s W wm mm mm . \.—\\ I

T T -0.04 ] /
0.01 -~
o —Lreguency. Hzl

25 30

35 40 a5

Figure 3. The threshold voltage is shown for the Figure 4. The threshold voltage is shown for the
harmonic analysis performed for the ACP model. At | transient analysis performed for the ACP model. At

20 V, the input force is shown to be suppressed by the | 20 V, the input force is shown to be suppressed by the
piezos. However, when 30 V is applied to the piezos, | piezos. However, when 30 V is applied to the piezos,
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For incremented input AC voltages of 10 V| the experimental and numericat tip
displacement results for the AAP and ACP are shown graphically in Figure 5 and Figure 6,

o respectively. The shaker was set to input a small sinusoidal force at 35 Hz that would displace

ltage the tip of the AAP and ACP approximately 1.22 mm and 0.156 mm, respectively. The input

steps voltages used in the numerical analyses were applied with a gain factor of 4.53 for the AAP
analysis and 0.76 for the ACP analysis. For instance, in the case of the AAP analysis, instead of

ger 20 V at 35 Hz being applied to the piezos, 20 * 4.53 V, or 90.6 V at 35 Hz needed to be supplied

rieve to the piezos to achieve the correct physical tip displacement. The percent differences for the

the AAP experiment#anged from 0.3 % to 9.0 % for 70 V and peaked at 129% at 80V. The percent
differences for thei ACP experiment ranged from 0.3 % to 3.7 %.
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DISCUSSION

The vibration suppression results for the AAP and ACP experiments were satisfactory.;
The 35 Hz frequency for the sinusoidal input was chosen because it ensured the excitation stay
away from the naturat frequencies of the AAP and ACP, which were 85.608 Hz and 142.48
respectively. The large percent difference seen at 80 V for the AAP results can be attributed ¢
the difficulty in accurately reading the output signal from the fiber optic sensor displayed by {
dynamic signal analyzer in the 500 uV/div range. It was also noted that when shearing an
aluminum sheet 1o a small width of 38.1 mm, the resultant beam could not be made perfectly;
The composite material, on the other hand, is much stiffer and when cut, even to a small wid
38.1 mimn, does not warp. Thus, it is possible that the AAP was not reacting to the external
vibration as the numerical analysis predicted and explains the larger percent differences seen]
the AAP vibration suppression comparison when compared to the ACP vibration suppressig
COmparison.

The precision positioning results for the AAP and ACP experiments were also
satisfactory. During the experiments, it was realized that the displacement sensor was not a§
read any tip displacement for low input DC voltages. Thus, the AAP experiment was run in
increments of 10 V from 20 V to 80 V. The ACP experiment was run in increments of 5 V




70 V to 90 V. Due to the increased stiffness and thickness of the ACP because of the use of
composite material, a higher voltage range was required. Thus, to establish a trend with the
experimental data, the input DC voltage was incremented by 5 V. The correlation factors
resulting from the AAP and ACP experiments were (.998 and 0.964, respectively. These results

were satisfactory and showed the linear trend expected with input voltage and displacement of
the piezos.

CONCLUSION

An ACP prototype was designed, manufactured, tested and analyzed with satisfactory
esults. The ACP showed that it was able to suppress an external sinusoidal vibration when
upplied an input AC voltage at the same frequency but out of phase, which was verified using
umerical analysis, as well as precisely position its tip when supplied an input DC voltage.

Future improvements for this project would be to obtain a more sensitive sensor that is
apable of nanometer accuracy so that the ACP prototype can be tested for smaller
isplacements. Also, using more strain gages in different locations would allow for a more

curate calibration of the fiber optic sensor. Finally, the use of a more accurate reading device

jan the dynamic signal analyzer's CRT screen, such as LabVIEW, would provide clearer data
rieval.
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