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Multimodal vibration control using a synchronized switch based on
a displacement switching threshold

Hongli Ji, Jinhao Qiu, Adrien Badel, Yuansheng Chen, and Kongjun Zhu

Abstract: A new semi-actlive method for multi—-mode vibration control using the nonlinear synchronized switch damping
(SSD) approach based on a displacement switching threshold is proposed in this paper. Several extensions of the SSD
approach, including SSDI (SSD on inductance), SSDV (SSD on a voltage source), enhanced SSDV, and adaptive SSDV, have
been developed to improve the control of the single-mode vibration, but the weakness of the SSD approach for multi-modal
vibration control has not been solved. In all these extensions of the SSD approach, the switch is controlled by the same
algorithm, that is, it reverses the voltage of the piezoelectric element at all extrema of displacement. This switching algorithm
is effective in single-mode control, but it leads to over—frequent switching in multi-mode control. In the method proposed in
this study, an improved switching algorithm based on a displacement threshold, which prevents the switch in the shunt circuit
from over—frequent on—and—off actions and accordingly increases the converted energy to improve the control performance, is
proposed. The switching algorithm is applied to an SSDI system and used in the vibration damping of a beam with two excited
modes. Compared to the classical SSDI approach, the control performance of the first mode is improved from 3.7 to 18.2 dB,
but that of the second mode is slightly worse, having changed from 3.46 to 2.6.

Semi-active Vibration Control of a Composite Beam Using
Adaptive SSDV Approach

Hongli Ji, Jinhao Qiu, Adrien Badel, and Kongjun Zhu

Abstract: In this paper an improved semi-active control method is proposed and applied to the vibration control of a
composite beam. This method is an improved version of the previously developed SSDV (Synchronized Switch Damping on
Voltage) approach. In the SSDV, a voltage source is connected to the shunting branch, in series with the inductor, which can
magnify the inverted voltage and hence improve the control performance. Optimization of the voltage source is an important
issue in all the SSDV techniques. In the proposed approach, called adaptive SSDV, the voltage coefficient that control the
damping eflectiveness is adjusted adaptively. An improved switching algorithm, which prevents the switch from over—
frequent on-and-off and accordingly improve the control performance, is also proposed. Compared with previous SSDV
techniques, this adaptive SSDV is the most stable, is independent of the excitation level and is more flexible because the
vollage coefficient is adjusted adaplively 10 achieve optimal control performances. The adaptive SSDV has been applied to the
vibration control of a composite beam and its control results were compared with those of previously developed SSDV
techniques. The effectiveness of new switching algorithm was also verified by comparing it with the conventional switch. An
experimental setup of semi—active control system for the cantilever composite beam was established, and control experiments
were carried out using different SSDV methods.
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Modelling, Simulation and Optimization of High Efficiency
Piezoelectric Energy Harvester

Hongli Ji, Yong Ma, Hao Jiang, Hui Shen, Jinhao Qiu and Kongjun Zhu

Abstract:In this paper we show that by applying a switching power converter the power transformation efficiency of a
piezoelectric energy harvester can be enhanced by more than 400%. This switching power converter is derived from the Buck—
Boost Converter, and in this work it is optimized by using a control circuitry of low power consumption. The whole circuitry has
been modeled and simulated in the Pspice software. The simulation results show that after optimization the output power of the
proposed energy harvester has been enhanced by 3.4 times.
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Semi-active vibration control of a composite beam by adaptive synchronized
switching on voltage sources based on LMS algorithm

Hongli Ji, Jinhao Qiu, Adrien Badel, Yuansheng Chen, and Kongjun Zhu

Abstract:In this paper, an adaptive semi—active SSDV (Synchronized Switch Damping on Voltage) method based on the LMS
algorithm is proposed and applied 1o the vibration control of a composite beam. In the SSDV method, the value of vollage
source in the swilching circuit is crilical to its control performance. In the adaptive approach proposed in this study, the
voltage source is adjusted adaptively using the LMS algorithm. Two cases of the adjustment are considered. In the first case,
as an improvement 1o the enhanced SSDV, the voltage coefficient is adjusted by the LMS algerithm. In the second case, as an
improvement to the classical SSDV, the voltage value is adjusted directly. The new adaptive approach is compared with the
derivative—based adaptive SSDV proposed in the former study in the control of the first mode of a composite beam. The control
results show that adaptive adjustment of voltage value and adaptive adjustment of voltage coefficient are equally effective in
the vibration control of the composite beam and that LMS-based approach is slightly better than the derivative—based
approach.

An improved system of active noise isolation using an self-sensing
actuator and neural network

Hongli Ji, Jinhao Qiu, Kongjun Zhu, and Kazuya Matsuta

Abstract:This paper presents an improved active noise isolation method, consisting of a self-sensing actuator, a neural
network identifier and an adaptive feedback controller using a FIR filter and the Filtered=X LMS algorithm, in which no
acoustical sensors were necessary to suppress the noise transmission through a plate structure. The structure is a composite
plate with an embedded piezoelectric patch. Based on the self-sensing technique, the same piezoelectric element functions as
both a sensor and an actuator. A bridge circuit was used to separate the sensor signal from the actuator signal on the
piezoelectric patch and the obtained signal was used in the identification of sound pressure of a point in the space. A neural
network was used instead of the Rayleigh’ s integral formula for the identification of sound pressure as used in the former
study. The results show that the proposed control approach using both self-sensing actuator (SSA) and neural network
identifier exhibited better noise control performance than thal using Rayleigh’ s inlegral formula. Tt also exhibited similar
noise conlrol performance as the traditional control system using a microphone though the new system used only one
piezoelectric patch for both sensor and actualor.
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Multi-mode vibration control using nonlinear synchronized switching damping
based on the maximization of converted energy

Hongli Ji, Jinhao Qiu, Adrien Badel, and Kongjun Zhu

Abstract:In this paper, a new switch control strategy based on an energy threshold is proposed for the synchronized switch
damping techniques in multimode control. This strategy is derived from the total converted energy of a synchronized switch
damping (SSD) system in a given time window. Using the new strategy the voltage is inverted only at those extrema where the
effective distance, which is proportional to the converted energy between two neighboring extrema, exceeds the threshold. The
new switch control strategy is used in both the synchronized switch damping on inductor (SSDI) technique and the
synchronized switch damping on voltage source (SSDV) technique, which are applied to the two—mode control of a composite
beam. Their control performances are compared with those of the single—-mode control and those of classical SSDI and SSDV
techniques in two—mode control. The experimental resulls show that vollage inversion is prevenled at some of the
displacement exirema to increase the lotal converted energy, and exhibit better global damping effect than classical SSDI and
classical SSDV,| respectively. In single mode, the best control performance is achieved when the voltage is inverled al every
extremum. But in multimodal control, 1olal converted energy is increased and the control performance is improved when some

extrema are skipped.

Vibration control of a composite beam using self-sensing semi-active approach
Hongli Ji, Jinhao Qiu, Kongjun Zhu

Abstract:Structural vibration control has been an active research for the past twenty years because their potential application
in aerospace structures, civil structures, naval structures, et al. Semi-active vibration control methods based on piezoelectric
actuators and Synchronized Switch Damping on Inductance (SSDI) techniques have attracted the attention of many
researchers recently due to their advantages over passive and active methods. In the SSDI method, a switched shunt circuit is
connected to the piezoelectric patch to shift the phase and amplify the magnitude of the voltage on the piezoelectric patch. The
most important issue in SSDI method is to control the switching actions synchronously with the maximum vibration
displacement or maximum strain. Hence, usually a displacement sensor is used to measure the vibration displacement or a
collocated piezoelectric sensor is needed to measure the strain of the structure near the piezoelectric actuator. To avoid using
a separate sensor, a self-sensing SSDI approach is proposed and applied to the vibration control of a composite beam. In the
self-sensing technique, the same piezoelectric element functions as both a sensor and an actuator so that the total number of
required piezoelectric elements can be reduced. Furthermore, in order to present the shunt circuit from over—frequent on—
and—off actions, a simple switch control algorithm is proposed. The results of control experiments show that the self-sensing
SSDI approach gives better control performance than the traditional SSDI using a separate piezoelectric element as a sensor
when they are combined with a classical switch, and the same control performance when they are combined with the improved

switch.

Vibration control of a composite beam by an adaptive semi-
active method based on LMS algorithm

Hongli Ji, Jinhao Qiu, Kongjun Zhu

Abstract:In this paper, an adaptive semi—active SSDV (Synchronized Switch Damping on Voltage) method based on the LMS
algorithm is proposed and applied to the vibration control of a composite beam. In the SSDV method, the value of voltage
source in Lthe swilching circuil is critical o ils control performance. In the adaptive approach proposed in this study, the
voltage coefficient is adjusted adaptively using the LMS algorithm. The new adaptive approach is compared with the
derivative—based adaptive SSDV proposed in the [ormer study in the control of the first mode of a composite beam. The control
results show that adaptive adjustment of voltage coefficient is effective in the vibration control of the composite beam and that

LMS-based approach is slightly better than the derivative-based approach.
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Multimodal vibration control using a synchronized switch based on
a displacement switching threshold

Hongli Ji, Jinhao Qiu, Yuansheng Chen, and Kongjun Zhu

Abstract:A new semi-active method using the nonlinear synchronized switch damping (SSD) approach based on a
displacement switching threshold was proposed in this paper for multimode vibration control. In the method proposed in this
study, an improved switching algorithm based on a displacement threshold, which prevents the switch in the shunt circuit from
over—frequent on—and-off and accordingly increase the converted energy to improve the control performance, is proposed.
The switching algorithm is applied to a SSDI system and used in the vibration damping of a beam with two excited modes.
Compared to the classical SSDI, the control performance of the new method is improved from 3.7 dB to 18.2 dB.

Semi-active vibration control of a composite beam using
an adaptive SSDV approach

Hongli Ji, Jinhao Qiu, Adrien Badel, and Kongjun Zhu

Abstract:In this paper an improved semi-active control method is proposed and applied to the vibration control of a
composite beam. This method is an improved version of the previously developed SSDV (Synchronized Switch Damping on
Voltage) approach. In the SSDV, a voltage source is connected to the shunting branch, in series with the inductor, which can
magnify the inverted voltage and hence improve the control performance. Optimization of the voltage source is an important
issue in all the SSDV techniques. In the proposed approach, called adaptive SSDV, the voltage coefficient that control the
damping effectiveness is adjusted adaptively. Compared with previous SSDV techniques, this adaptive SSDV is the most
stable, is independent of the excitation level and is more flexible because the voltage coefficient is adjusted adaptively to
achieve optimal control performances. The adaptive SSDV has been applied to the vibration control of a composite beam and
its control results were compared with those of previously developed SSDV techniques. An experimental setup of semi-active

control system for the cantilever composite beam was established, and control experiments were carried out using different

SSDV methods.

Piezoelectric Vibration Damping by an Enhanced Semi-Passive Method
Hongli Ji, Adrien Badel, Jinhao Qiu, Elie Lefeuvre, Claude Richard, Daniel Guyomar

Abstract:In this paper an improved semi-active control method is proposed and applied to the vibration control of a
composite beam. This method is an improved version of the previously developed SSDV (Synchronized Switch Damping on
Voltage) approach. In the SSDV, a voltage source is connected to the shunting branch, in series with the inductor, which can
magnify the inverted voltage and hence improve the control performance. Optimization of the voltage source is an important
issue in all the SSDV techniques. In the proposed approach, called adaptive SSDV, the voltage coefficient that control the
damping effectiveness is adjusted adaptively. Compared with previous SSDV techniques, this adaptive SSDV is the most
stable, is independent of the excitation level and is more flexible because the voltage coefficient is adjusted adaptively to
achieve optimal control performances. The adaptive SSDV has been applied to the vibration control of a composite beam and
its control results were compared with those of previously developed SSDV techniques. An experimental setup of semi—active

control system for the cantilever composite beam was established, and control experiments were carried out using different

SSDV methods.

Novel approach of self-sensing actuation for active vibration control
Hongli Ji, Jinhao Qiu, Jun Cheng, Yipeng Wu, and Kongjun Zhu

Abstract:ln a self-sensing actuator, the same piezoelectric element functions as both a sensor and an actuator. Due to their
advantages of reducing the number of needed piezoelectric elements and true collocation of sensors and actuators, self-
sensing actuators have attracted the attention of many researchers and many studies have been reported. Since the actuator
signal and the sensor signal are mixed together in a self-sensing actuator, usually a bridge circuit is used to separate the two
signals. It has been found that the two signals cannot be separately ideally because the bridge is difficult to balance and the
actuator signal is much larger than the sensor signal. In this study, the influence of the local strain on the output signal of a
piezoelectric sensor is investigated and a new method using neural network is proposed to identify the global vibration strain.
The identified signal is used as feedback signal for an adaptive control system and the effectiveness in suppressing the beam
vibration is verified in the experiment.
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Application of a Negative Capacitance Circuit in Synchronized Switch
Damping Techniques for Vibration Suppression

Hongli Ji, Jinhao Qiu, and Jun Cheng

Abstract:In the SSD techniques, the voltage on the piezoelectric element is switched synchronously with the vibration to be
controlled using an inductive shunt circuit. The inherent capacitance and the inductance in the shunt circuit comprise an
electrically resonant circuit. In this study a negative capacitance is used in the shunt circuit instead of an inductance in the
traditional SSD technique. The voltage on the piezoelectric element can be effectively inverted though the equivalent circuit
is capacitive and no resonance occurs. The principle of the new SSD system is investigated and the effectiveness of the new
method is confirmed by the experimental results.
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Nonnegative doubly periodic solutions for nonlinear telegraph system

F.Wang, Y. An

Abstract: This paper deals with the nonnegative doubly periodic solutions for nonlinear telegraph system
U, —u +eu, +a (1x+a (0.x)v=>b(1,x) f(t,x, 13,
{Vl v, eyt xu ) antt.x)v=h(t,x)gt, xu.y),
with periodie boundary condition
w(t+2n,2)=u(t.a =20 =u(t ).
!v(m» 2n.x)=v(t,x=2a)=v(r.x)s
We show the existence and multiplicity results when the nonlinearities are are superlinear or

sublinear on by using the fixed point theorem in cones..

Existence and multiplicity results of positive doubly periodic
solutions for nonlinear telegraph system

F.Wang, Y. An

Abstract: In this paper, the existence of positive doubly periodic solutions for nonlinear telegraph system is discussed using
the method of upper and lower solutions.

Nonnegative doubly periodic solutions for nonlinear telegraph system
with twin-parameters

F.Wang, W,L, Y. An

Abstract: In this paper, by using Krasnosel’ skii fixed=point theorem and under suitable conditions, we present the

existence and multiplicity of nonnegative doubly periodic solutions for the following system:

I'n; —u, =, = (G +a U =00,x) (1),

v, votey agl o ay (v =bogl, ),

We derive two explicit intervals of A¢.x) and 5.(,%) such that for any #(.x) and .(,%) in the two intervals respectively, the
existence of at least one solution for the system is guaranteed, and the existence of at least two solutions for A(.x) and %{.x) in

appropriate intervals is also discussed.

A generalized quasilinearization method for telegraph system
F.Wang, Y. An

Abstract: In this note, we build a maximum principle for the doubly periodic solutions of telegraph system. And the
p p YI graph sy

generalized quasilinearization technique is applied to obtain a monotone sequence of iterates converging uniformly and

quadratically to a solution of a coupled telegraph system with doubly periodic boundary condition.

Existence of Nontrivial Solution for a Nonlocal Elliptic Equation
with Nonlinear Boundary Condition

F.Wang, Y. An,

Abstract: In this paper, we establish two different existence results of solutions for a nonlocal elliptic equations with
nonlinear boundary condition. The first one is based on Galerkin method, and gives a priori estimate. The second one is based
on Mountain Pass Lemma
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Three positive doubly periodic solutions of a nonlinear telegraph system
F.Wang, Y. An

Abstract:This paper studies existence of at least three positive doubly periodic solutions of a coupled nonlinear telegraph
system with doubly periodic boundary conditions. First, by using the Green function and maximum principle, existence of
solutions of a nonlinear telegraph system is equivalent to existence of fixed points of an operator. By imposing growth
conditions on the nonlinearities, existence of at least three fixed points in cone is obtained by using the Leggett—-Williams
fixed point theorem to cones in ordered Banach spaces. In other words, there exist at least three positive doubly periodic

solutions of nonlinear telegraph system.

On positive solution of nonlinear telegraph semipositone system
F.Wang1, Y. Anand P. Wang

Abstract:In this paper, we shall deal with the superlinear semipositone problem of a nonlinear telegraph system and establish

the existence of positive doubly periodic solutions for the system. The proofs are based on a xed—point theorem in cones.
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On Development of a Multi-Channel PZT Array Scanning System and
Its Evaluating Application on UAV Wing Box

Qiu Lei

Abstract:Piezoelectric sensor (PZT) based structural health monitoring (SHM) methods can efficiently estimate the health
condition of aircraft structures. To monitor large-scale structures, dense PZT arrays are usually needed. How to scan different
PZT actuator-sensor channels in the PZT array to achieve a real time and stable SHM task is an important issue in the
application of these methods. In this paper, an integrated multi—channel PZT array scanning system (ISS) is developed for the
purpose of SHM. A type of gain programmable charge amplifier and a low crosstalk scanning module are discussed. An
integrated software system which is based on the LabVIEW software platform is developed to manage the hardware, and
perform signal processing and damage estimation. To validate the functions of this system, an evaluation is performed on a
carbon fiber composite wing box of an unmanned aerial vehicle (UAV). The application results show the promising
performance of this system.

Design and experimental research of a PZT network based
structural health monitoring scanning system

Qiu Lei

Abstract:The active Lamb wave and piezoelectric transducer (PZT) based structural health monitoring (SHM) technology is a
kind of ef-ficient approach to estimate the health state of aircraft structures. In practical applications, PZT networks are
needed to monitor large scale structures. Scanning many of the different PZT actuator-sensor channels within these PZT
networks to achieve on-line SHM task is important. Based on a PXI (PCI eXtensions for Instrumentation) platform, an active
Lamb wave and PZT network based integrated multi—-channel scanning system (PXI-1SS) is developed for the purpose of
practical applications of SHM, which is compact, and portable and can scan large numbers of actuator—sensor channels and
perform damage assessing automatically. A PXI based 4 channels gain—programmable charge amplifier, an external scanning
module with 276 actuator—-sensor channels and integrated SHM software are proposed and discussed in detail. The
experimental research on a carbon fiber composite wing box of an unmanned aerial vehicle (UAV) for verifying the functions of
the PXI-ISS is mainly discussed, including the design of PZTs layer, the method of excitation frequency selection, functional
test of damage imaging, stability test of the PXI-ISS and the load—ing effect on signals. The experimental results have verified
the stability and damage functions of this system.
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On development of PZT array based structural health monitoring scanning system
and its experimental research on UAV wing box

Qiu Lei

Abstract:The active Lamb wave and piezoelectric sensor (PZT) based structural health monitoring (SHM) technologies are
efficient methods to estimate the health state of aircraft structures. In real applications, PZT networks are needed to monitor
large scale structures. The scanning of many different PZT actuator—sensor channels among these PZT networks is impor—tant
to achieve a real time SHM task. In this paper, an active Lamb wave and PZT network based integrated multi—channel
scanning system (ISS) for SHM purpose is developed, which can scan large numbers of actuator-sensor channels and estimate
damage automatically. Its hardware and software realizations are introduced in detail in this paper, including the archi-
tecture of whole system, the development of a computer bus based charge amplifier for re-sponse signal amplifying and a low
crosstalk scanning module for multi—-channel switching, techniques of software realization for enhancing its running
efficiency. Experimental research is performed on a carbon fiber composite wing box of an unmanned aerial vehicle (UAV) to
validate the functions of the ISS. In the experimental, frequency selection, damage monitoring, stability test of response

signals under loading condition are main discussed. The experimental results show good performance of the developed ISS.
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