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Abstract To give a clear indication of the objective, method and results



PRESEEEE | Frequency Shifts of Micro and Nano Cantilever Beam
MIEEELB I, Sl Resonators Due to Added Masses

* Objective:
» We present analytical and numerical ... to calculate the shifts in the natural frequencies of electrically actuated
micro ... for mass detection of biological entities.

» Methods:

* ... Euler—Bernoulli beams, ... the nonlinear electrostatic forces and the added biological cells ... discrete
point masses.

* ... using perturbation techniques and the Galerkin approximation ... Numerical techniques ...

* Results:

» The frequency shifts due to the added masses of ... fundamental and higher-order modes of vibrations.
Analytical expressions of the natural frequency shifts

 Conclusion:
« We found that a hybrid approach ... presents the most computationally efficient approach.

« We found that using higher-order modes ... or miniaturizing the sizes of the beams .. leads to significant
improved frequency shifts, and thus increased sensitivities.

Abstract To give a clear indication of the objective, method and results



Joumi'/i%‘;:t?gr?d 21t8 1 Non-planar vibrations of a string in the presence of a
boundary obstacle

* Objective:
» We analyze planar and non-planar motions of a string vibrating against a unilateral curved obstacle.

» Our model incorporates the change in tension due to stretching ... and wrapping nonlinearity due to the
presence of the obstacle.

Methods:
The system of equations has been discretized by assuming functional form of the displacements.
« ... we perform a stability analysis of the planar motion using Floquet theory.

* Results:

» ... to investigate the various motions possible both in the absence as well as the presence of the obstacle.
... the effect of changing obstacle parameters on the critical amplitude

... obtain the stability boundaries in the space spanned by the obstacle parameters.

« Conclusions:
 Beyond the critical amplitude, the planar motion is unstable and we get whirling trajectories.
» We use several modes and observe more complicated non-planar motions due to modal interactions.

Abstract To give a clear indication of the objective, method and results



Thermal and mechanical response of particulate
composite plates under inertial excitation

 Objective:
» The thermal and mechanical, near-resonant responses of particulate composite plates formed from...and
varying volume ratios of ammonium chloride ... are investigated.

» Methods:

« Each test specimen is clamped and forced with three levels of ...

» The mechanical response of each plate is recorded via scanning laser ...

* The plates are excited at resonant frequency and the thermal response is recorded via infrared ...

* Results:
» Comparisons are made between the mechanical operational deflection ... with correlation seen between ...
» The effect of particle/binder ratio on both the thermal and mechanical responses is discussed.

e Conclusions:

 The observed thermomechanical effects render an improved understanding of the thermomechanics of plastic-
bonded composites, an essential step for vapor-based detection of hidden explosives.

Abstract To give a clear indication of the objective, method and results



Keywords This is a short list of words relevant to your work.



No Keywords.

Non-planar vibrations, Stretching nonlinearity, Wrapping nonlinearity, Whirling motion,
Oscillating ellipse

No Keywords.

No Keywords.

N4 D4 D4 b4
V| [V [V [V
NNy Y ¥

Keywords This is a short list of words relevant to your work.




L;.)L.u L;Lm)g)lf 9 8l sfl?u‘ u)9)w ‘LB"”U alfwo :Js' G.é';')b

ORRoR Esd9e ol 5 oailss o 1l IS4 Ban

Introduction Outline the problem and why it was worth tackling.



ARESECER | Frequency Shifts of Micro and Nano Cantilever Beam
HISEREE, Coie Resonators Due to Added Masses

» The Beginning:

« In recent years, MEMSs sensors have triggered significant interest in utilizing their unique properties to detect
with great accuracy physical quantities, such as small gas concentrations, minute biological entities, and very
small changes in temperature and pressure [1-8]. Particularly, mass detection of very small biological
elements using MEMS devices, such as viruses, bacteria, and cells, has gained increasing attention in recent
years [9-13].

* The Middle:

« Cantilever beams are essential elements in resonant mass sensors. Several studies investigated the frequency
shifts in microcantilever beams. For example, Dohn et al. [19] ...

* Increasing the sensitivity of detection through miniaturization also has been an active topic. Hence,
considerable research has been conducted on the exploitation of CNTs ... [23-25]

» Few studies modeled the dynamics of micro- and nanobeams under electrostatic actuation in the case of an
added mass because of ... Accurate analytical expressions quantifying the frequency shift in this case have not
been developed.

» The End:

« We aim to present here an alternative analytical approach based on several perturbation techniques ... which
combines accuracy and accounts for the electrostatic forces. Specifically, the objective of this paper is to
develop accurate ... to quantify the frequency shifts of electrostatically MEMS.

Introduction

Outline the problem and why it was worth tackling.



Journal of Sound and i i ) )
Vibration Non-planar vibrations of a string in the presence of a

boundary obstacle

» The Beginning:

» We study the various possible motions of a string free to vibrate in two mutually perpendicular planes in the
presence of a finite unilateral curved obstacle. This scenario is very relevant to the string vibrations in Indian
stringed musical instruments like sitar and veena.

« Strings find application in several fields, e.g., in cranes to lift loads, in musical instruments ...
» The Middle:

» Non-planar coupled motions of a string and the problem of string vibrating against a unilateral obstacle have
been studied from time to time. Initial studies ...

» The assumption of constant tension even during vibrations can be justified for small amplitude vibrations in
the string. However, this assumption is not always true in practical situations ...

» Theoretical studies on the vibration of strings against a rigid obstacle started with the works of Amerio [12] ...

« However, all these works on string vibrations against a rigid obstacle assumed planar motions, but in reality ...

» The End:

 Hence, a more realistic simulation of the sitar string has to necessarily consider non-planar motions as has
been done in the current study. We have included both the stretching and wrapping nonlinearity ...

« The rest of the paper is organized as follows. The development of our mathematical model for non-planar
motions of a string in the presence of obstacle is presented in Section 2. The derived equations ...

Introduction Outline the problem and why it was worth tackling.



Thermal and mechanical response of particulate
composite plates under inertial excitation

 The Beginning:
» The detection of hidden explosive threats is essential for both national security and defense. While a wide
array of detection systems are currently in development or use, the most popular seek to ...

« Despite the potential of this approach, the trace vapor detection of composite explosives remains a significant
technical challenge due to ...

« Interestingly, the vapor pressures of many explosive materials are greatly affected by temperature [1,3] and
may be significantly increased with even slight rises in temperature.

* The Middle:

* In many pure materials and alternative composites, heat generation in response to acoustic and ultrasonic
excitation is a well-studied effect. Prior investigations have highlighted ...

» While mechanically induced heat generation is a well-studied effect in general, few thorough studies of the
thermomechanics of particulate composite materials, such as plastic-bonded explosives, to low-frequency
excitations currently exist. While the works of Loginov [7]

* The End:

» The objectives of this work are to observe and characterize the thermal and mechanical responses of
particulate composite plates comprised of hydroxyl-terminated polybutadiene (HTPB) binder and ammonium
chloride ...

Introduction

Outline the problem and why it was worth tackling.
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ARESECER | Frequency Shifts of Micro and Nano Cantilever Beam
Measurement, Control Resonators Due to Added Masses

2 Microbeams

2 Pw

2.1 Problem Formulation. We consider a mass sensor con- (1 - “.)2[1 + oy 8(x — ,r)]ﬂ +(1=w) = = !21,%': (11)
sisting of a microcantilever beam, Fig. 1, of length L. actuated by a o ot
DC voltage. The equation governing its dynamics can be

expressed as We seek an approximate solution of Eq. (11) using the Galerkin

approximation in the form

m o] i .
pbh+—38(& = )| —5 + El——5 = F} (0 N
L ot agt w(x,t) =Y w(r) b, (x) (12)
. 1 VE)L‘ where the ¢, (x) are the eigenfunctions of a cantilever beam in the
Fg=-zh A )2 (2)  absence of the electrostatic load. Thus,
— W

Quantity 500 { )

3 (um) 1 . . .
o . n) s the position along the microbeam, p is the ma- cos(z,) + cos h(z,)
L.el:‘ﬁ:t:\g 50 ”::1\ the moment of inertia of the cross section, h is Pul(x) = 2y |cOs h{z,x) — cos(z,x) + m
Th“rd\'f\. 3(‘\2(-'['1-‘\} kness, m is the added point mass at ¥ =/, E is
[l'] W “. 4};}1‘{%‘{“{5\ d is the capacitor gap width, and ¢ is the . i .
b - modulus 1 of the medium. Equation (2) represents the [(sin(znx) = sin h(z,x))] (13)

Y oung .
d Density

ffic force when neglecting the fringing effect of
mie electric field. The corresponding boundary conditions are

=0 and W' =0 a £=0 3) where the z,, are the roots of

W'=0and W'=0 at ¥=1L (4) cos (z)cosh(z) +1=10 14

Materials & Methods

To give enough detail for a competent worker to repeat your work.
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boundary obstacle

2. Mathematical model

A schematic representation of the physical system under consideration is shown in Fig. 2. [t comprises an ideal string
(with no bending stiffness and internal damping) which can vibrate along the y- and z-axis with the y motions restricted by
‘he smooth obstacle at one of the ends. The string starts from O which is the origin of our system and it is tied to the support

t the other end which is at a distance of L. We assume the sliding along the obstacle to be frictionless and smooth
L "

We further make the following two assumptions related to the motion of the string over the bridge:

—

. The string perfectly wraps around the bridge while vibrating, i.e., there is a single continuous wrapped portion and a
unique separation point at x = I.
2. The string remains tangent to the bridge at the point of separation, i.e, at x = I.

"

2.1. Non-dimensional parameters

In order to avoid errors during numerical simulations, it would be judicious to express the governing equations in non-
dimensional form. The non-dimensional variables are defined as follows

X yx, 0) () B 2 T EAR?
=% gan=222 -0 b2 a-A, r=t|—, o=—,
JERD =T r=7g L Pt T2 7T 20, 29)

2.2. Galerkin Projection

For fully understanding the dynamics of the string, we need to find solutions of the coupled nonlinear partial differential
equations (PDEs) (31) and (32). However, exact analytical solutions to these coupled PDEs do not exist. Therefore, we use the

Materials & Methods To give enough detail for a competent worker to repeat your work.



Thermal and mechanical response of particulate
composite plates under inertial excitation

. EvXPERI B. Experimental setup

To provide mechanical excitati

1 volume

- \e
| fraction-sa™?

as-applied at three d1stmcl forcing
: -1, and 2. 4g RMS). Operational deflection shapes
were recorded at direct, 6 g forcing and were not seen to quali-
tatively change with excitation level. The system response

. and each was cured

Materials & Methods To give enough detail for a competent worker to repeat your work.
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Results & Discussion

Here the researcher presents summarized data interprets them.
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2.2 Static Analysis. We first copside
We drop the time-varyine

2.3 Frequency Shift Calculation M

Results & Discussion

Here the researcher presents summarized data interprets them.




Journal of Sound and i i ) )
Vibration Non-planar vibrations of a string in the presence of a

boundary obstacle

4. Dynamics of the string in the presence of obstacle

1 s . A i Fos Fe 1. 1 Dl : Fn z sl . =11 1

————— Harmonic balance Numerical I

We finally look at the trajectory of a point which gets into intermittent contact with the obstacle surface to explore the )|
string's motion further. We have chosen a point at the mid-point of the obstacle, i.e., x = b2 = 0.025 for this purpose. The
LLAICCTONA O LIIE SLLLLIE A0 A —LLLLA 0 1O A STTTEIC A0 LEITEC THCHIC AU CRRTTTIALTONL LU LHIE IO =WV RIS ATICL WIS TOILIOITLS LS
shown in Fig. 18. Comparing the trajectories for the single-mode in Figs. 18A and C with the corresponding ones in
Figs. 7 and 8, we can see that these trajectories are just a scaled and truncated version of the trajectories for the free portion.
The scallng down happens because of the closeness to the pomt of separatlon and the truncation in y motion is because of

that these trajectories are more complex. To exp]am this, we nore that there is an almost equa] contribution from all the
three modes to the y and z displacements of the string at x=0.025 whereas these displacements at x=0.5 are largely
dominated by the first and the third mode. The extra complexity of the trajectory for the unwrapped portion at x=0.025
can, therefore, be attributed to the contribution of the second mode.

v

Fig. 10. Comparison between numerical and approximate (single-term harmonic balance) solution for b=0.05, a=1600, # = 0.001 and initial condition as
£(0) =1, p(0) =0, a(0) = 0 and &(0) = 0.

L & e g, D( R gUres A a
and /}(0) 0 whxle figures B and D correspond to a(O) 0, (1(0) =1, /1(0) 4 and f(0) =

0 The parameters are b= 005 a=1600 and « = 0.001.

Results & Discussion

Here the researcher presents summarized data interprets them.



Thermal and mechanical response of particulate
composite plates under inertial excitation

lll. RESULTS
A. Mechanical response

The vibrometer-recorded H1 frequency response estima-
tors for a representative plate in response to three levels of

B. Thermal response

The average of three transient surface temperature
responses of each plate at the first resonance, presented sepa-
rately as the spatial average and maximum surface tempera-
tures of the plate, are presented in Figure 5. As visible in the

Results & Discussion

Temperature Increase (° C)

20 40 60
(b) Time (minutes)

FIG. 5. Comparison of the experimentally obtained plate surface tempera-
tures vs. time in response to a 2 g excitation near the first resonant frequency
for all plates. Solid lines indicate experimental data, each the average of
three distinct trials per plate. The colored envelope indicates one standard
deviation for each trial. Dotted lines indicate numerical simulation data.
Data are presented for (a) mean and (b) maximum plate surface temperatures
Vs, time.

Here the researcher presents summarized data interprets them.




Thermal and mechanical response of particulate
composite plates under inertial excitation

IV. DISCUSSION

A. Viscoelastic heating model

As a point of comparison to the experimental mechani-
cal responses, an analytical solution to the experimentally
frealized, clamped-free-clamped-tree (CFCF) plate vibration
problem was approximated through the superposition of
clamped-clamped and free-free beam functions as in

The steady-state temperature profile predicted for the
50% case is presented in Figure 6. The prediction echoes the
experimental data with three bands of temperature concen-
tration but appears to be more highly concentrated at the

The peak frequency response values corresponding to
various analytical modes are presented in Table II. As evi-
dent in the table, the nondimensionalized frequency response
peaks of the analytical models seem to provide a decent ana-
log to the experimental data. In addition, the frequency
and 4. As evident in the figures, the viscoelastic model
appears to provide a good qualitative match for the experi-

clamped edges. This discrepancy may be due to the imper-
fect experimental clamps, which allow for some rotation,
and thc Insulate undary assumptions, which would 1o
accurately account for conduction into the experimental
clamping fixture. The 75% thermal profile is not presented
due to its qualitative similarities to the 50% result, which is
different only in scale as obvious in the transient temperature
data presented in Figure 5.

N M . ~ .
TG A, AU Unaie Ty Te PTOMTC TS T TIOS T O T CRCTIA Y TUTS

Results & Discussion

Here the researcher presents summarized data interprets them.
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Conclusions To present your main conclusions and their significance.



ARESECER | Frequency Shifts of Micro and Nano Cantilever Beam
Measurement, Control Resonators Due to Added Masses

4 Conclusions

The shifts in the frequencies of a cantilever beam due to an
added point mass demonstrate great potential for biological and
chemical applications. Taking advantage of the electrostatic
actuation, which is considered as a simple and effective method
for actuation of MEMS and CNTs, analytical expressions for the
frequency shifts as a function of the added mass and its position
using Galerkin approximation and perturbation techniques have

work have been based on the assumption that the size of the added
|particle/mass is too small compared to the length of the beam,
which may justify a point-mass assumption. Otherwise, the mass
distribution should be modeled using a Heaviside function.

Conclusions To present your main conclusions and their significance.
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6. Conclusion

We have analyzed the various possible motions for a string in the presence of a curved unilateral boundary obstacle
including the stretching and the wrapping nonlinearity. We have considered an obstacle which has curvature only along
€ Iength of the String. we Iind that the presence of tie obstacle and the stretcning nonlinearity leads to a unique planar
motion which is perpendicular to the obstacle surface as opposed to infinitely many planar motions possible in its ab-
sence. The obstacle, further, has a stabilizing effect on the planar motions as it results in instability for a finite amplitude
of vibration contrary to an unstable planar motion with arbitrarily small amplitudes without the obstacle. Hence, the
possible motions for a string in the presence of the obstacle are planar motions perpendicular to the obstacle surface and
either ‘oscillating ellipses’ (non-whirling motions) or ‘precessing ellipses’ (whirling motions) depending on the magnitude

(It is evident from our analysis that the assumption of pianar motion does not capture the holistic dynamics of the )
string in the presence of the obstacle. Moreover, in almost all practical scenarios, the motion of the string is undoubtedly
non-planar and the amplitude of motion is large enough to include the nonlinear effects due to stretching. Thus, our

in the presence of an obstacle. Qur analysis shows that even pure lateral perturbation parallel to the obstacle surface gives
rise to transverse vibrations perpendicular to the surface. This is quite pertinent to an Indian stringed musical instrument,
known as sitar, which is usually played by plucking/striking in the lateral direction but the string exhibits significant
\{ransverse motions. However, the vibrations perpendicular to the bridge surface in our model are not as large as observed )

Conclusions To present your main conclusions and their significance.
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