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Abstract

Microelectromechanical systems (MEMS) are used in different applications
such as automotive, biomedical, aerospace and communication technologies.
They create new functionalities and contribute to miniaturize the systems
and reduce their costs. However, the reliability of MEMS is one of their major
concerns. They suffer from different failure mechanisms which impact their
performance, reduce their lifetime and their availability. It is then necessary
to monitor their behavior and assess their health state to take appropriate
decision such as control reconfiguration and maintenance. These tasks can
be done by using Prognostic and Health Management (PHM) approaches.
This paper addresses a condition assessment and fault prognostic method
for MEMS. The paper starts with a short review about MEMS and presents
some challenges identified and which need to be raised to implement PHM
methods. The purpose is to highlight the intrinsic constraints of MEMS
from PHM point of view. The proposed method is based on a global model
combining both nominal behavior model and degradation model to assess the
health state of MEMS and predict their remaining useful life. The method
is applied on a microgripper, with different degradation models, to show its
effectiveness.
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1. Introduction

Prognostics and Health Management (PHM) is a process involving dif-
ferent tasks. The purpose is to monitor systems, assess their health state,
detect and diagnose their faults, anticipate the time to failures by calculating
the remaining useful life (RUL) and take appropriate decisions accordingly.
PHM is widely applied on industrial systems ranging from small components
(bearings, gearboxes, batteries, etc.) to complete machines (wind turbines,
electrical motors, machining tools, etc.). Several research works have been
published on PHM in the recent decade, where different methods, algorithms
and formalization tools are proposed [1, 2, 3, 4]. The reported works can be
grouped in three categories: model-based prognostics (also called physics of
failure prognostics), data-driven prognostics and hybrid prognostics. The
first approach uses first principles to derive behavior models and use them
to estimate the current state of systems and predict their RUL. The second
approach is based on the transformation of monitoring data into relevant
models including the degradation of the system and use them to do PHM.
Finally, the third approach combines both previous approaches.
PHM can be applied to microsystems, particularly to microelectromechanical
systems (MEMS), since these latter devices undergo failures during their life-
time. However, the miniaturization of these systems introduces some speci-
ficities and constraints to take into account during PHM implementation.
Among these constraints, two of them are particularly interesting: the first
concerns MEMS monitoring and the second their degradation models. One
way of getting relevant data about failure mechanisms which may take place
in MEMS is to incorporate appropriate sensors within their structure. This
means that the PHM functions should be considered from the design phase
of MEMS. Concerning the degradation models, they can be obtained by two
different ways: by using the experts’ knowledge or by doing accelerated life
tests. However, the second option can not be applied on all types of MEMS
due to the fact that the activation of the acceleration factors (temperature,
humidity, stress, etc.) excites additional failure mechanisms and rends the
degradation of MEMS difficult to model.
MEMS are designed to achieve specific functions in particular conditions.
However, in practice and during their utilization, it is not uncommon to ob-
serve a gap between their reliability estimated during the design phase and
their real reliability. This difference can be due to two factors: the fabri-
cation process and the real operating conditions. To improve the reliability
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and availability of systems where MEMS are utilized, and also to reduce the
number of accidents and maintenance costs, one of the possible solutions can
be the implementation of PHM tasks.
This paper presents a condition assessment and fault prognostic method for
MEMS. The paper first addresses a review of main works reported in the do-
main of condition monitoring, health assessment and reliability prediction of
MEMS. This part deals also with main failure mechanisms in MEMS and the
methods used to identify the roots of these phenomena. The paper presents
then the proposed method and its steps. The method aims at assessing the
health state of MEMS and estimate their RUL. It is based on a global model
combining both nominal behavior model and degradation model of MEMS.
The nominal model is obtained by using fundamental laws of physics whereas
the degradation models can be generated by two ways: by running different
simulations regarding linear and nonlinear models or through accelerated life
tests performed experimentally. In this paper, and in order to validate the
concept of PHM on MEMS, the simulation case is considered. However, to
be close to real conditions, the parameters of the nominal behavior of the
studied MEMS are identified from experimental measures.
The paper is organized in five sections. After the introduction, the second
section presents a literature review related to MEMS reliability. The third
section deals with the proposed method and its steps. The fourth section con-
cerns the application of the method on a real electrostatic MEMS consisting
of a microgripper and finally, section five concludes the paper.

2. MEMS reliability review

2.1. State of the art
MEMS are more and more utilized in different applications as summa-

rized in figure 1. They can be grouped in two main categories [5]: MEMS
with moving parts and MEMS without moving parts. However, almost all
MEMS contain micro-structures and micro-elements or parts made from sil-
icon. These parts are subject to degradations and failure mechanisms due
to several factors (temperature, humidity, vibration, moisture, noise, elec-
trical overloads, etc.). Common failure mechanisms identified and known
until now concern stiction, wear, fracture, crystallographic defect, creep and
degradation of dielectrics [6, 7, 8, 9]. The reliability of these microsystems
is then considered as a major obstacle in their development [10]. In prac-
tice, failures undergone by MEMS can decrease their reliability, availability
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and increase their exploitation costs. Moreover, in some applications these
failures can lead to accidents and decrease the MEMS’s performance as they
prevent achieving the functions for which they are initially designed.
Several research works dealing with MEMS reliability have been reported
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Figure 1: MEMS applications.

in the literature. These works can be classified into different categories: re-
liability reviews, accelerated life tests to understand the failure mechanisms,
fault detection and diagnostics and fault prognostics (or time to failure es-
timation). These categories and related works are summarized in table 1.
More details about each category are given in the following.

2.1.1. Reliability reviews
Huang et al. [6] reviewed common failure mechanisms in MEMS, inspec-

tion techniques and approaches to mitigate those failures through structure
optimization and material selection. Similarly, Zaghloul et al. [7] reviewed
the knowledge related to critical failure mechanisms (dielectric charging and
stiction) in electrostatic micro and nano-electromechanical systems (MEMS
and NEMS). The authors described the employed nanoscale characterization
techniques for these failure mechanisms and presented new characterization
methods used to correlate between the results fromMEMS devices and metal-
insulator-metal (MIM) capacitors. The paper presented in [8] deals with
an overview of MEMS failure mechanisms that are commonly encountered
(stiction, creep, fatigue, brittle fatigue in silicon, wear, dielectric charging,
breakdown, contamination and packaging). The paper addresses also the
reliability issues of micro-scale devices. Always in the same category, a re-
view of MEMS reliability issues and failure mechanisms can be found in [13].
The chapter published in [9] reported known and unknown failure modes of
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Review category Addressed topics References
Reliability review

• Common failure mecha-
nisms

• MEMS reliability issues

[6, 5, 7, 11,
8, 12, 13, 9]

Condition assessment,
fault detection and di-
agnostics

• Accelerated life tests

• Condition monitoring

• Characterization of fatigue
properties

• Fault detection (fatigue,
crack, damage, etc.)

• Root cause analysis

[14, 15, 16,
17, 18, 19,
20, 21]

Fault prognostics

• Reliability prediction

• Time To Failure (TTF) es-
timation

[22, 23, 24,
10, 25, 26]

Table 1: MEMS reliability review.

MEMS devices. The reliability of MEMS devices packaging is addressed in
[27]. Tanner [5] reviewed the significant successes in MEMS products from re-
liability perspective and discussed the reliability concerns of various devices.
The paper published in [11] presents the progress in reliability research in
the micro and nano domains, where thermo-mechanical reliability of micro-
electronic components and systems and the related methods to analyze and
predict it are addressed. Finally, in [12] the authors studied the mechanical
response of a large class of shock loaded microsystems. The purpose of this
study is to formulate some guidelines for design of reliable MEMS.
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2.1.2. Condition assessment, fault detection and diagnostics
Chen et al. [14] developed a fault detection method based on electrical

analysis for valveless peristaltic lead zirconate titanate (PZT) micropump
fabrication. In their method, the detection of PZT cracking, uneven silver
epoxy distribution and PZT inversion failures is based on the utilization of a
modified Butterworth-Van Dyke (BVD) model to analyze the properties of
resistant or capacitive elements related to the three previous failures. The
series resistance and parallel capacitance in the BVD model are used to de-
tect faults and classify the failure types. In [15], the authors proposed a
method for on-chip fatigue and fracture tests and monitoring on polysilicon
specimens. The method is then tested on a setup designed to monitor the
elastic stiffness of MEMS. The results of this work allowed to put in evi-
dence the decrease of the elastic stiffness during fatigue life before rupture.
The paper published in [16] summarizes testing methods for the character-
ization of fatigue properties of thin metal films used in MEMS. The tests
and analysis conducted on different film thicknesses revealed that the fa-
tigue and cracking behaviors are different from that of bulk materials, and
are controlled by the length scales of the thin metal films (surface to vol-
ume ratio). In [17], a fault detection method for MEMS is presented. The
method combines two modeling tools: a Competitive Neural Network (CNN)
and a Robust Heteroscedastic Probabilistic Neural Network (RHPNN). The
simulation results conducted by the authors showed that the fault detection
percentage increases when combining both tools compared to the utilization
of the RHPNN alone. In his paper [18], Walraven addressed the issues iden-
tified when performing root cause failure analysis of packaged, capped, and
sealed MEMS devices. Mellé et al. [19] investigated the dielectric charging
failure mechanism in capacitive RF-MEMS, which is caused by the leakage
current through the RF-MEMS dielectric. The dynamic of the identified
failure mechanism is then monitored through two parameters: the shift rate
of the actuation voltages and a reliability-driven electrical stress parameter,
which is based on the contact quality between the bridge and the dielectric.
The paper published in [20] addresses the damage in polysilicon microstruc-
tures under fatigue loading cycles. In this work, the damage in the material
is investigated by means of an elastic stiffness decrease monitoring during
fatigue life, obtained through a low noise, low perturbing capacitive position
readout of the MEMS moving mass. Finally, a method for fault testing in
MEMS is proposed in [21] to detect the presence of faults in MEMS.
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2.1.3. Reliability assessment and prediction
This category of works can be also assimilated to the fault prognostic task

as it deals with the estimation of the time to failure. Among these works,
McMahon and Jones [22] proposed an accelerated life tests for MEMS to as-
sess their reliability. The method investigated the use of mechanical means
to actuate MEMS membranes so that lifetime estimates could be obtained.
In their work, the authors have adapted a Talysurf measurement system to
allow a MEMS membrane to be cycled by moving it with a stylus. This
cycling was continued until the membrane failed according to the definitions
provided by the device manufacturer. This experiment was repeated with
different forces and this allowed standard life testing techniques to be used
to produce a prediction of lifetime under normal use conditions. Matmat
et al. [23] studied the effect of dielectric charging on the reliability of ca-
pacitive RF MEMS switches. The authors proposed a model to estimate
the time to failure (TTF) of the RF MEMS switches. The proposed model
takes into account the influence of the actuation bias signal, the duty cy-
cle and the temperature on the degradation (consequently on the reliability)
of the studied components. Ruan [24] reviewed the issues of reliability and
accelerated life testing for radio frequency micro-electromechanical system
(RF-MEMS) capacitive devices. Matmat et al. [10] suggested a method to
estimate the lifetime of RF MEMS capacitive switch devices by combining
functional and physical failure analysis. The physics of charging effects along
with mechanical behavior of the membrane are introduced simultaneously to
determine the time to failure of the RF MEMS devices. Tanner et al. [25]
presented a new method to estimate the MEMS reliability. This method is
based on modeling, simulation and material science, which is different from
traditional reliability methods usually performed on mass production. The
reliability method relies on four tasks, which are: (a) design, model and fab-
ricate, (b) test structures and devices, (c) identify failure modes and mecha-
nisms, (d) develop predictive reliability models (accelerated aging), and (e)
develop qualification methods. Finally, the paper of Driel et al. [26] deals
with reliability prediction of MEMS packages made from pieces of silicon
placed on the top of the devices to protect them from external loads. The
method presented by the authors combines parametric finite element mod-
els with experimental verifications to address the reliability of four different
capping concepts and understand some capping issues (cavity deflection, cap
fractures and moisture penetration).
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2.2. Beyond the state of the art
From the previous state of the art, one can distinguish two approaches:

the first concerns MEMS reliability and the second is related to some tasks of
PHM shown in figure 2 (monitoring, health assessment, fault detection and
diagnostics and fault prognostics). The reliability aspects depend strongly on

MEMS

Fault detection 
& diagnostics

Monitoring & 
preprocessing

Fault 
prognostics

Decision 
support

Figure 2: PHM main tasks.

the design of MEMS and on how their utilization is close to the specifications
defined during the design phase, which rarely hold in practice. Therefore,
some tasks of PHM can be implemented on MEMS to track their health state
during their operation and act in case of abnormal behavior or functioning.
The purpose is then to continuously monitor the behavior of MEMS, assess
their current condition, predict their future state and estimate their remain-
ing useful life (RUL). The information gathered by these tasks can then be
exploited to take appropriate decisions to achieve the expected functions and
improve the MEMS reliability and availability. The decisions can concern re-
configuration of control laws, set point changes, fault tolerant strategies, etc.
Nevertheless, some challenges should be raised before implementing the above
mentioned PHM tasks on MEMS. They are summarized in the following.

1. Sensing: contrary to macro-systems for which the installation of ad-
ditional sensors to monitor their behavior and their degradations is
possible, the case of MEMS is more constraining. The challenge con-
cerns then two aspects: 1) defining and integrating appropriate sensors
from the design phase for new MEMS to allow PHM, and 2) defin-
ing the needed sensors and the way of doing measurements in case of
MEMS yet in service.

2. Behavior model: MEMS involve several micro parts and elements work-
ing with different types of energy (mechanical, electrical, thermal, hy-
draulics, etc.) and operating under different conditions (temperature,
humidity, pressure, etc.) which make their behavior complex and strongly
nonlinear. Thus, a trade-off must be found between complexity and
simplicity of the model to be used for PHM.
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3. Accelerated life tests: the implementation of PHM methods is depen-
dent on degradation models of the parts involved in MEMS subject to
failures. These models can be obtained theoretically by using physical
first principles and simulations or experimentally through accelerated
life tests. The first approach requires deep understanding of failure
mechanisms and may lead to models which can be difficult to use. The
second approach can give models which take into account the operat-
ing conditions, but its practical implementation may be difficult due
to several factors (repeatability of the tests, difficulty to install the re-
quired sensors, influence of the environmental parameters such as dust,
temperature, humidity, etc.).

4. Degradation models: this challenge is partly dependent on the previ-
ous one and concerns the validation of the obtained degradation mod-
els and their utilization for PHM. Indeed, the degradation models ob-
tained either theoretically or experimentally must remain valid within
the framework of the studied MEMS. These models are then used with
the nominal behavior models obtained previously to assess the MEMS
conditions and estimate their RUL.

5. Failure thresholds: in addition to nominal behavior models and degra-
dation models, fault thresholds are important. They define the accept-
able performance limits of MEMS and allow their RUL calculation.

The following section deals with a condition assessment and RUL estimation
method applied to a microgripper. The purpose is to show the feasibility
of some tasks of PHM on MEMS by raising some of the above challenges,
particularly those from the second to the fifth.

3. Condition assessment and RUL estimation of MEMS

The steps of the proposed method are summarized in figure 3 and ex-
plained below. The method can be applied on different categories of MEMS
if the following assumptions are considered.

1. Appropriate sensors are available to monitor the behavior of MEMS.

2. Sufficient knowledge is available about the studied MEMS to derive its
behavior models and identify the failure mechanisms which may take
place during its utilization.
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3. Possibility to obtain the degradation models of the studied MEMS,
either experimentally through accelerated life tests or theoretically by
experts.

4. Sufficient knowledge is available to define the failure thresholds.

MEMS

Nominal 
behavior 

model 

Health state 
assessment 

and 
prediction

Fault 
threshold

≤

RUL 
estimation

Measurements

Measurements
Accelerated 

tests or 
cycling

Degradation 
models

&

&

Physical knowledge 
about the MEMS, 

first principles

Figure 3: Main steps of the proposed method.

- MEMS: the targeted device can concern all the categories shown in
figure 1. However, for each MEMS, it is important to have a deep under-
standing about its physical and failure phenomena and also about the envi-
ronment in which it evolves. This knowledge will be useful for the next steps.

- Measurements: they are required to define the numerical values of
the MEMS parameters, analyze its behavior (time and frequency responses,
stability, precision, etc.), define the parameters involved in its failure mech-
anisms identified previously, define the degradation models and the fault
thresholds. The measurements are provided by sensors which depend on
the physical quantities to monitor, which in turn depend on the targeted
MEMS. Examples of sensors are: interferometers to measure the displace-
ment, force sensors, temperature sensors, accelerometers, etc. Moreover,
relevant features which can be used to assess the health state of each MEMS
and calculate its RUL can be extracted from these measurements. Examples
of features are: time response, rising time, overshoot, stability, precision, etc.

- Nominal behavior model: it can be obtained by writing the physical
equations (first principles) of the targeted MEMS or derived experimentally.
The model can be linear or nonlinear. Its complexity depends also on the
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modeling assumptions made during its construction. The parameters of the
model can be obtained from the manufacturer’s specifications or identified
by exciting the MEMS and getting its time or frequency response.

- Degradation models: they can be given by experts of the MEMS or
obtained experimentally through accelerated life tests. In the case of models
obtained experimentally, several MEMS must be tested under different op-
erating conditions which should be as close as possible to those of the real
utilization of the MEMS. The degradation models obtained from the tested
MEMS must be also representative of those used in practice. These models
can be related to drifts of the physical parameters of MEMS (mass, friction
coefficients, stiffness, etc.), and can be obtained by analyzing the data ac-
quired from the accelerated life tests and by using appropriate modeling tools
(regressions, curve fittings, etc.).

- Health assessment and prediction: this task is performed by com-
bining both nominal and degradation models of the targeted MEMS. The
global model is then used to estimate the state of the MEMS, compare this
state to the performance threshold (or fault threshold) and calculate the
RUL. This task may also concern fault detection and diagnostics of abrupt
faults which may occur during the operation of the MEMS. These faults can
be detected by implementing different techniques such as residuals, which
are signals representing the difference between the nominal behavior of the
MEMS and its actual behavior. If this difference is greater than a predefined
value, then the MEMS is subject to abnormal situation.

- Fault threshold: this is an important parameter needed to estimate
the RUL. Fault thresholds can be obtained by different ways. They can
be given by experts working on the studied MEMS, obtained statistically by
exploiting the knowledge gathered from the experience feedback, defined the-
oretically through the utilization of formulas related to failure mechanisms
or experimentally by observing the response of the MEMS when performing
accelerated life tests. However, whatever the technique used, fault thresholds
are related to the MEMS performance variation. This performance, and con-
sequently the fault threshold, can be related to the stability of the MEMS,
its precision, its time response, etc. The thresholds can then be obtained by
setting acceptable performance values.
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- RUL estimation: the time to failure is calculated as the difference
between the failing time and the current time, as illustrated in figure 4.
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Figure 4: Illustration of fault threshold.

4. Case study and simulation results

The method presented in section 3 is applied on a MEMS consisting of
a microgripper. The steps of the method are implemented and explained in
the following of the paper.

4.1. Description of the experiments
The experimental platform used to test the proposed method is shown in

figure 5 and its global synoptic is illustrated by figure 6.
The central component of the platform consists of a FT-G100 force sensing
microgripper of “Femto tools” company designed to handle micro and nano-
objects. The initial opening of the microgripper arms is 100 µm and can
be controlled with nano-meter precision. The maximum actuation voltage of
the microgripper is 200 V. A square signal of 5 V magnitude and frequency
equal to 25 Hz is generated by an ARDUINO device, the signal is then
amplified and supplied to the microgripper. The actuation is monitored by
measuring the displacement of its mobile arm through an interferometer (due
to the design of the microgripper, only one of its two arms is moving, the
second is static). The interferometer points a laser beam through a head to
the mobile arm and calculates the displacement by processing the reflected
signal. The quality of the measurements depend on the amount of the laser
beam reflected by the mobile arm. This quality is optimized by placing the
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Figure 5: Overview of the experimental platform.
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Figure 6: Global synoptic of the platform.

head generating the laser beam at a distance equal to 5 cm from the mobile
arm and by adjusting the alignment of the beam with the mobile arm by a
mean of a three directions (x, y, z) table. The reflected signal is then acquired
at a frequency equal to 25 kHz, with 16384 points at each acquisition, and
stored in different files in a dedicated computer for later use.

4.2. Nominal behavior model
The microgripper shown in figure 7 can be assimilated to a second order

dynamic system whose physical scheme is shown in figure 8. The application
of the second fundamental law of dynamics leads to the following equation:

F − f.ẋ− k.x =M.ẍ (1)

where F is the electrical force actuating the mobile arm and which is pro-
portional to the input voltage [28, 29] V (t): F = Na.ε.hz

2.g
.V 2 (t), Na = 1300
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Figure 7: The microgripper FT-G100 used in the accelerated tests.
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Figure 8: Physical scheme of the microgripper.

is the number of electrodes of the comb drive, ε = 8.85 pF/m is the air
permittivity, hz = 50 µm is the thickness of the electrodes and g = 6 µm is
the gap between the fixed and the mobile electrodes of the comb drive, f is
the friction coefficient, k is the stiffness of the arm and M is its mass. By
applying the Laplace transform on equation (1), and by putting η = Na.ε.hz

2.g

and U (t) = V 2 (t), one gets the canonical transfer function given in equation
(2) (which is in the form of a second order model) of the microgripper. The
canonical equation of a second order dynamic system, its time response and
its characteristic values (settling time, rising time, overshoot, etc.) are well
detailed and explained in the following references: [30] (chapter 3, subsec-
tions 3.3 and 3.4) and [31] (chapter 6).

H (p) =
X (p)

U (p)
=

η
k

1 + f
k
p+ M

k
p2

=
K

1 + 2ξ
ωn
p+ 1

ω2
n
p2

(2)

In equation (2) K = η
k
is the static gain of the microgripper, ωn =

√
k
M

its

natural frequency and ξ = 1
2
. f√

k.M
its dumping coefficient.
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The time response obtained experimentally from a new microgripper is
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Figure 9: Time response of the microgripper.

shown in figure 9. This time response corresponds to a second order dynamic
system for which the numerical values ofK, ξ and ωn can be obtained by using

the overshoot D% = 100 × e
−
(

πξ√
1−ξ2

)
and the pseudo period Tp = 2π

ωn
√

1−ξ2

formulas. These latter formulas can be extracted from the time response
equation of the microgripper by solving the differential equation given in (1)
(more details on the time response of a second order system, its overshoot and
pseudo period can be found in [30], chapter 3, subsections 3.3 and 3.4 and in
[31], chapter 6). The values of K, ξ and ωn estimated from the time response
of figure 9 are equal to 0.341 µm/V 2, 0.06 and 362.5 rad/s, respectively.

4.3. Degradation models
The degradation of the microgripper can be related to drifts of its physical

parameters, which then affect its static and dynamic performances. Accord-
ing to equation (1), the parameters which can vary are the mass M , the
friction coefficient f and the stiffness k. In practice, the variation of the
two first parameters can be neglected. Thus, only the stiffness can vary
significantly due to cyclings. To verify this assumption, we have designed
the experimental platform shown in figure 5 where three microgrippers are
continuously cycled and their behaviors are acquired at a given sampling fre-
quency as shown in figure 10.
In this application the cycling frequency is equal to 1

T
= 1

0.04
= 25 Hz
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Figure 10: Cycling and measurements during the accelerated life tests.

and the measurements are done each 2160000 cycles. These values are de-
fined according to the total number of cycles the microgrippers can perform
and which are guaranteed by the manufacturer: no performance degradation
over 100 million cycles. By considering this last information, one has to wait
46 days before observing significant drift of the performance. To show the
feasibility of the proposed method, and while waiting to have complete ex-
perimental data, we have considered different simulated degradations of the
microgrippers represented by linear and nonlinear models of the stiffness k.
Furthermore, to be close to the behavior of the cycled devices, the initial
value of k in the simulated degradation models is set equal to the numerical
value identified from the time response of the microgripper: k = 11 N/m.
Examples of linear, polynomial and exponential degradation models used in
the following simulations are given by equations (3), (4) and (5), respectively.
In each simulated degradation model, the values of the coefficients can be
varied to simulate different trends and get closer to the reality.

k (t) = −0.95t+ 11 (3)

k (t) = −t2 + t+ 11 (4)

k (t) = 11e−t (5)

4.4. Condition assessment and RUL estimation
The substitution of the degradation models, represented by the variation

of the parameter k and given in equations (3), (4) and (5), in the behavior
model of the microgripper given in equation (2) leads to a global model where
the static and dynamic performances of the microgripper are time dependent.
The health state of the microgripper can then be assessed at each time by
analyzing its time response for different degradation models. Furthermore,
the RUL of each microgripper can be calculated at each time. To do this, one
needs to define a performance threshold (which can be also seen as a fault
threshold) according to different criteria: stability of the microgrippers, their
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precision, their settling time, etc. By analyzing the time response of these
devices for different values of k, one can observe that they remain always
stable. However, their settling time ts increases as the stiffness decreases.
Indeed, this relation can be verified through equation (6) (more details can
be found in [30], chapter 3, subsections 3.3 and 3.4 and in [31], chapter 6):

ts = −
1

ξωn
ln
(
0.05

√
1− ξ2

)
(6)

To set the numerical value of the performance threshold, one can rely on the
settling time of a new microgripper, which can be calculated from the time
response given in figure 9 and which is equal in this case to 0.1378 s. We can
then suppose that if the settling time exceeds n × ts, with n � 1, the mi-
crogripper can be considered as out of service and its RUL can be calculated
as the remaining time before reaching this performance threshold. In this
application, the value of n is defined arbitrary, but in practice it should be
set by the user according to the level of performance he/she wants to reach.
Figures 11, 12 and 13 show some simulation examples related to different
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Figure 11: Simulation results related to linear degradation models.

stiffness degradations (linear, exponential and polynomial) and their impact
on the time response and on the estimated RUL. The sub-figures of each
one of these figures concern: a) the variation of stiffness k versus number of
cycles, b) the time response, c) the variation of stiffness versus settling time
and d) RUL estimation according to the defined thresholds. For example,
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Figure 12: Simulation results related to exponential degradation models.
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Figure 13: Simulation results related to polynomial degradation models.

the settling time thresholds defined for the exponential degradation are: 0.2
s for the blue line, 0.25 s for the red line and 0.3 s for the green line.
From these figures, one can observe that the variation of the stiffness k im-
pacts the dynamics of the microgripper (sub-figures (b)) and its estimated
RUL (sub-figures (d)). Indeed, the estimated RULs are coherent with the
types and trends of the degradations. For example, in all simulated cases,
the RUL depends on the severity of the degradation: “quick” degradations
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will lead to short RULs. In addition to RUL estimation, the state of the mi-
crogripper can be assessed and predicted at each time. This information can
then be used to take appropriate decisions, such as control laws reconfigura-
tion, to maintain as long as possible the function for which the microgripper
is dedicated. We can for example imagine a set of microgrippers, each one
manipulating a specific component, in the purpose of assembling desired
micro-systems. It is then possible to monitor, assess and estimate the RUL
of each microgripper in order to guarantee free faults and high quality of the
final assembled micro-systems.

5. Conclusion

A condition assessment and fault prognostic method with application to
MEMS is presented in this paper. First, a brief state of the art of MEMS re-
liability and related failure mechanisms is given. The analysis of the reported
works allowed identification of some challenges to tackle before implementing
PHM algorithms and methods.
The proposed method is then presented and its steps explained. The method
relies on two models: a nominal behavior model of the MEMS and degrada-
tion models related to its components, which are subject to failures. Both
models are then merged and used to assess the health state of the targeted
MEMS and predict its RUL. The calculation of this latter information re-
quires the definition of a performance threshold (which can be also seen as
a failure threshold) beyond which the MEMS is considered faulty or out of
service. To do this, we have proposed some criteria to use (precision, stabil-
ity, time response, etc.).
The method can be applied on different categories of MEMS at a condition
that the assumptions set before presenting the method hold. In this contri-
bution the case of microgrippers is addressed. The simulation results showed
the effectiveness of the method on such devices. However, its application
on real degradations learned from the studied MEMS would increase its rele-
vance. Finally, it has to be noted that the results of condition assessment and
RUL estimation can be used to take appropriate decisions to accommodate
the faults or delay the failure time.
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