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Abstract: This paper points out the performance and limits of state of the art commercial capacitive, resistive, 
piezoresistive, piezoelectric, thermal and optical accelerometers and can be used as a reference work. Therefore, 
datasheets of 118 accelerometers from 27 manufacturers of eight countries have been analyzed. Focus of the 
analysis were the parameters overload shock limit, measurement range, frequency response, resonance 
frequency, volume, weight, power consumption, operating temperature, storage temperature and cost of both 
uniaxial and triaxial accelerometers. A strict overload shock limit of 10,000 g for accelerometers with proof 
mass and a measurement range of less than 2,000 g was found. Also, that the performance of uniaxial and 
triaxial accelerometers differs. Especially uniaxial piezoelectric accelerometers show a better performance with 
regard to overload shock, measurement range, resonance frequency, frequency response and operating 
temperature in contrast to triaxial ones. Piezoelectric accelerometers show the highest overload shock limits, 
measurement range and operating temperature, capacitive accelerometers the lowest power consumption and 
volume, piezoresistive accelerometers the widest frequency response. Copyright © 2015 IFSA Publishing, S. L. 
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1. Introduction 
 

Today, off-the-shelf accelerometers are widely 
used for numerous applications in industries such as 
consumer electronics, automotive, biomedical, 
robotics and military [1, 2]. Within the conducted 
review, seven technologies of today’s commercial 
accelerometers could be identified. The capacitive, 
piezoresistive and piezoelectric technology with 
charge output and also with voltage output are most 
commonly used [1-4]. Further technologies are the 
resistive, optical and thermal ones. All these 
technologies differ in their performance due to their 
internal structure according to their different 

transduction principles. The term technology is used 
as a generic term for a clear distinction between 
piezoelectric accelerometers with charge output and 
voltage output due to the fact they base on the same 
(piezoelectric) transduction principle. Technology is 
the more top level term.  

So why a review of well-known and widely used 
technologies? A literature review revealed that there 
is a general lack of reviews of accelerometers also 
stated in [1]. Still, reviews of commercial state of the 
art accelerometers [1, 2] are mostly focused on 
commonly used technologies, the first three 
mentioned ones. Still there are less up to date reviews 
and papers [1, 2, 5] and they are only focused on one 
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or two commonly used technologies. In addition 
there are reviews out-of-date or focused solely on 
special applications [1, 2, 6, 7].  

Very comprehensive reviews in regard to their 
mathematically description of transduction principles, 
algorithms, electronic control circuits, fabrication 
techniques and other characteristics are [1, 2] but 
altogether these reviews analyzed only the following 
parameters of accelerometers; weight, resonance 
frequency, measurement range, sensitivity, frequency 
response and noise floor. For real world applications 
parameters such as volume, operating temperature, 
power consumption, and cost are important to fit 
physical and financial boundary conditions.  

A less academic view on accelerometers mostly 
including such parameters is addressed in reference 
guides by the manufacturers, e.g., [3, 8, 9]. These 
guides are made for customers to find they right type 
of accelerometer if they are not familiar with the 
topic. But they are only focused on technologies of 
their own products, mostly two or three technologies.  

Hence there is no (known) review or guide of 
accelerometers focusing on more than two or three 
commercial technologies including parameters such 
as volume, power consumption, overload shock limit, 
operating and storage temperature and cost. Hence in 
this paper we give an overview of state of the art 
commercial accelerometers of common used 
technologies.  

Because we analyzed entire seven technologies 
we do not go into detail with regard to transduction 
principles, algorithms or electronic control circuits. 
Instead we will identify upper and lower limits of 
parameters of accelerometers to get a general 
overview on different common used commercial 
technologies by analyzing: 
 A number of 118 accelerometers from  

27 manufacturers of eight countries;  
 Piezoresistive, resistive, piezoelectric with charge 

and with voltage output, capacitive, optical and 
thermal accelerometers;  

 The parameters overload shock limit, 
measurement range, frequency response, 
resonance frequency, volume, weight, power 
consumption, operating, storage temperature and 
cost for both uniaxial and triaxial accelerometers.  
Our review covers very different commercial 

accelerometers used in numerous fields. We will 
address this fact in detail in Section 4 but we do not 
consider accelerometers effected by international 
traffic in arms regulations and export restrictions.  

In Section 2, the transduction principles of the 
analyzed accelerometers are briefly explained and 
advantages and drawbacks of each technology are 
mentioned. The analyzed database and the process of 
data acquisition is addressed in Section 3. In  
Section 4, the analyzed parameters measurement 
range, overload shock limit, power consumption, 
volume, weight, resonance frequency, frequency 
response, operating and storage temperature and cost 
of accelerometers are discussed. Finally, the results 
are summarized in Section 5. 

2. Transduction Principles of 
Accelerometers 
 
The vast majority of accelerometers consist of a 

proof mass, acting as a mechanical sensing element, 
attached to a reference frame by a mechanical 
suspension system [10]. An acceleration applied to 
the reference frame leads to a deflection of the proof 
mass caused by the inertial force according to 
Newton’s second law. There are many different 
variations of suspension systems [1, 2, 10] but we 
identified two general types for the analyzed 
accelerometers. For piezoelectric accelerometers the 
proof mass is attached by a spring to a reference 
frame and for resistive, piezoresistive, capacitive and 
optical accelerometers the proof mass is attached by a 
cantilever beam to a reference frame. However they 
can be described as a spring-mass-damper  
system [10].  

There are a number of transduction principles to 
detect the displacement of a proof mass or the 
bending of a cantilever beam [2, 10]. Common 
commercial accelerometers detect the change of 
resistance, capacitance, charge, temperature or 
optical characteristics. Further used transduction 
principles are electromagnetic, resonance and 
tunneling principles [2, 6, 10]. But we found no 
manufacturer selling accelerometers based on this 
principles off-the-shelf.   

Each transduction principle needs electronics to 
convert the signal, such as the change in resistance, 
of a transducing element into an analog or digital 
output, and for signal amplifying, filtering and 
processing. A transducing element is the part of an 
accelerometer that accomplishes the conversion of 
motion into a signal [11]. For example, a strain gauge 
is the transducing element and the electric resistance 
is the signal to be converted into a voltage. Mostly 
electronics are combined in one housing but there are 
also good reasons for decoupling electronics such as 
harsh or hazardous environments with high voltage 
levels, temperatures, electromagnetic interference or 
environments containing explosive substances. For 
optical and piezoelectric accelerometers with charge 
output external electronics have to be connected by 
cables and can be positioned far from the system to 
be measured.  

General, accelerometers are classified into two 
types with regard to their frequency response also 
called bandwidth [3]. An AC-response accelerometer 
is capable to measure dynamic acceleration (meaning 
change in acceleration). A DC-response 
accelerometer can measure static (constant) 
acceleration, such as gravity acceleration, as well as 
dynamic acceleration. 

There are essential interdependence of parameters 
of accelerometers due to their internal structure, the 
spring-mass-damper system. Increasing the proof 
mass of an accelerometer leads to a more strong 
deflection of the proof mass under the same loading. 
In other words sensitivity increases. At the same time 
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the resonance frequency and consequently the 
bandwidth decreases. In contrast, decreasing the 
proof mass leads to a diametric behavior. So it’s not 
possible to maximize sensitivity and bandwidth 
respective resonance frequency. Subsequent we will 
briefly explain the seven technologies and highlight 
the most important fact off every technology.  
 
 

2.1. Piezoelectric Accelerometers with 
Charge Output  

 

This type of accelerometer comprise piezoelectric 
materials as polarized ceramics or quartz crystals 
bonded with a proof mass [12]. An acceleration leads 
to a deflection of the proof mass and causes stress in 
the material subsequently. Under stress, the 
piezoelectric effect causes a charge transfer in the 
crystal. The amplitude of charge can be measured on 
the surface of the crystal. For this type electronics is 
not integrated so these accelerometers provide a 
charge output signal which has to be transferred by 
special low noise cable to external electronics [12]. 
They work only for AC-response. One benefit of 
decoupling transducing element and electronics is the 
wide temperature range of common piezoelectric 
materials up to 400 °C and more [11][12]. Due to the 
unmodified charge output signal these accelerometers 
are interchangeable [9].  
 
 

2.2. Piezoelectric Accelerometers with 
Voltage Output  

 

They work exactly the same way as piezoelectric 
accelerometers with charge output, but the electronics 
to amplify the charge signal and convert it into a 
voltage signal are integrated [12]. For power supply a 
constant current source with current levels from  
0.5 to 20 mA is mostly needed [9]. They provide a 
voltage output signal and can also only be used for 
AC-response. In contrast to piezoelectric 
accelerometers with charge output the temperature 
range is limited to that which the electronic will 
withstand. Furthermore reliability is lower if the 
accelerometer is subjected to harsh environments but 
the noise level is lower because of shorter cable 
length between transducing element and electronics 
[11]. Still they may not be interchangeable if the 
power requirement is not the same [9].  

 
 

2.3. Resistive Accelerometers 
 

This type of accelerometers detect the change of 
resistance of a metal foil strain gauge or wire bonded 
to a cantilever beam [11]. An acceleration leads to a 
bending of the cantilever beam and thus to a change 
in geometry of the strain gauge. According to the 
change in geometry the resistance of the strain gauge 
alters, described by the piezoresistive effect [10]. Up 
to four strain gauges are configured in a Wheatstone 
bridge circuit [11]. They provide a voltage signal and 

work for DC-response. In the past wire or foil strain 
gauges have been used exclusively, today silicon 
strain gauges have a wider distribution because of 
their higher sensitivity [11].  
 
 

2.4. Piezoresistive Accelerometers 
 

They work exactly the same way as resistive 
accelerometers, but the strain gauge is fabricated 
from semiconductor materials [10]. Single crystal 
silicon is up to 100 times more sensitive to strain than 
a metal foil strain gauge [10]. For semiconductors the 
change of the specific resistance according to stress is 
the dominating effect caused by the piezoresistive 
effect. The change in resistance due to change in 
geometry can be neglected [10]. Configured in a 
Wheatstone bridge circuit, they provide a voltage 
signal and function also for DC-response. They are 
more sensitive to temperature, show lower linearity 
and breaking strain than metal foil strain gauges [13].  
 
 

2.5. Capacitive Accelerometers 
 

These accelerometers detect the change of a 
capacitor configuration. The electrodes of the 
capacitor are composed of semiconductor material, 
such as silicon. Typically the differential change in 
capacitance, of a moveable electrode in-between two 
stationary electrodes, is detected [10].  The moveable 
electrode is attached to a proof mass and deflects due 
to acceleration which leads to a differential change in 
capacitance. Configured in a Wheatstone bridge 
circuit, they provide a voltage signal and work for 
DC-response [2]. This is the most common 
technology used for accelerometers today [3]. Some 
benefits are low cost and low power consumption but 
in contrast they can be vulnerable to electromagnetic 
interference [6]. 
 
 

2.6. Optical Accelerometers 
 

A variety of transduction principles to convert a 
mass displacement into a change in optical 
characteristics exists [11]. In particular one 
technology have become widespread use, the optical 
fiber technology [14]. Still there is a variety of 
technics for optical fiber measurement [15] but the 
Fiber Bragg Grating (FBG) principle has become 
widely known [14] and FBG accelerometers seem to 
be the popular optical fiber technology today.  

Bragg Gratings are interference filters written into 
optical fibers. The gratings reflect only a narrow 
spectral component of the induced light. [16] This 
characteristic is used for FBG accelerometers. An 
acceleration leads to a deformation of an optical fiber 
attached to a suspension beam. The deformation of 
the optical fiber change the reflection characteristic 
of the Bragg gratings. This change can be detected by 
comparing the spectral component of the reflected 
with the induced light. They work for DC-response 
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and one benefit of FBG accelerometers is the 
immunity of light of the transducing element to 
electromagnetic interference. So usually, electronics 
are not integrated and they provide a pure optical 
signal. Electronics can be connected by optical fibers. 
As well as for piezoelectric technology with charge 
output, electronics can be positioned far away from 
the measurement position.  

Drawback is their greater size in contrast to the 
other analyzed accelerometers. There potential for 
miniaturization is limited and MEMS-technology 
favors other fiber techniques [17]. In the present 
work we only analyzed optical FBG accelerometers 
because no other commercial optical accelerometers 
could be found. 
 
 
2.7. Thermal Accelerometers 
 

Thermal accelerometers based on mass 
displacement have been studied in [18]. We found no 
manufacturer selling these accelerometers off-the-
shelf. Thermal accelerometers without mass 
displacement have been reported among others in 
[19]. These types of accelerometers consist of a 
heater and thermocouples located around the heater 
in a hermetic chamber. Without acceleration, the 
heater creates a symmetric temperature profile in the 
chamber. When acceleration is applied, the hot air in 
the chamber moves and the temperature profile gets 
asymmetric. The asymmetry can be detected by the 
thermocouples around the heater. There is only one 
manufacturer that patented and commercialized this 
technology [5]. Electronics is integrated and these 
accelerometers provide a voltage signal and work for 
DC-response. In the present work, we only analyzed 
thermal accelerometers without moving parts. The 
greatest benefits is their resilience to very high 
overload shocks due to the absence of a proof mass. 

 
 

3. Database and Procedure of Data 
Acquisition 

 
For this paper, we analyzed accelerometers of 

manufacturers worldwide. We did not focused to one 
special type of accelerometer, e.g., micro-g or high-g 
accelerometers. We directed our review on several 
different characteristics of accelerometers; high 
measurement range and overload shock limit, low 
power consumption, low volume, wide operating 
temperature range and so on.  

Thereby we analyzed very different 
accelerometers, e.g., for crash-, shock- and impact 
testing, inertial navigation, machine vibration and 
bridge monitoring, modal analysis; for applications in 
digital cameras, mp3 players, mobile phones, medical 
instrumentations, wind turbines, airbags, sport 
diagnostics, marine, motor sports, robotics, 
embedded applications, bio dynamics, pedestrian 
crash testing; in domains of consumer, research and 

development, industrial, railway, oil, gas, aerospace, 
military and automotive industries.   

 So this paper includes accelerometers for very 
different applications, with measurement ranges from 
-110,000 g up to 110,000 g, with overload shock 
limits up to 200,000 g, with rugged metal housings or 
as simple service mounted devices (SMD). The unit g 
stands for the gravity acceleration defined as  
9.81 meters per square seconds.  

All analyzed parameters were stored in a database 
to identify limits and correlation between parameters 
by data mining. 

 
 

3.1. Procedure of Data Acquisition and 
Significance of Data 

 
Generally the scope of the work was to capture 

the state of the art of accelerometers from 
manufacturers worldwide with a certain focus to 
German manufacturers. Hence the procedure of data 
acquisition was as follows:  

First, we started analyzing accelerometers from 
German manufactures and took into account one or 
two samples of different technologies of each 
manufacturer, for uniaxial and triaxial measurement. 
Overall we considered accelerometers of ten German 
manufacturers. Off course there are much more 
manufacturers and companies in Germany selling 
accelerometers but many are only distributers of 
accelerometers of manufacturers worldwide. From 
the results we deduced benchmarks of state of the art 
accelerometers of German manufacturers for further 
analysis.  

Second, we analyzed accelerometers worldwide 
and for the most part we considered only samples of 
accelerometers with equal or outstanding 
performance relative to our deduced benchmarks. 
During the analysis the benchmarks were updated 
with every new sample and so it was harder to find 
accelerometers exceeding these benchmark. Thereby 
not so many manufacturers of countries worldwide 
have been taken into account in contrast to the 
number of German manufacturers.  

That means, the number of analyzed countries and 
manufacturers of a country (Germany as well as 
worldwide) is not exhaustive, but we found no 
commercial accelerometers with higher overload 
shock limit, higher measurement range and so on. So 
the database is suitable to point out lower and upper 
limits of parameters. In contrast the database is not 
suitable for statistics calculations such as calculating 
the average value of a parameter. 

 
 

3.2. Database 
 

In Table 1 the number of accelerometers 
classified by their country of origin into European 
Union and worldwide are listed. According to our 
explanations before, there is a great focus on 
accelerometers of German manufacturers, and the 
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number of manufacturers within a country as well as 
the number of accelerometers of a manufacturer is 
different. 

We chose the headquarters of the manufacturers 
as country of origin. Due to globalization, several 
production steps such as engineering, manufacturing, 
assembly, testing, etc., could be distributed across 

several locations worldwide. We think headquarters 
is most suitable to compare the performance by 
countries. Because of 27 manufacturers, 15 produce 
their accelerometers at the headquarters, 7 produce at 
the headquarters and additionally at one or more 
locations worldwide. Only for 5 manufacturers, the 
location of production is not explicitly specified. 

 
 

Table 1. Number of analyzed accelerometers classified by country of origin into European Union and Worldwide. 
 

Country of origin 
Number of 

manufactures 
Number of 

accelerometers 
Classification by 
country of origin 

Germany 10 35 
European Union (EU) UK 2 11 

Denmark 1 11 
USA 7 37 

Worldwide (Non EU) 
Switzerland 3 13 
China 1 9 
Canada 1 1 
Hong Kong 1 1 

 
 

In Table 2 the number of analyzed accelerometers 
of German manufacturers and for the remaining 
manufacturers are listed. In addition the technologies 
are classified by frequency response. 

Most common are the capacitive, piezoelectric 
and piezoresistive technology. Many manufacturers 
are specialized to one or more of these technologies. 
Resistive, optical and thermal accelerometers are not 
very common in contrast to the other technologies. 
The thermal technology is patented by only one 
manufacturer and we took into account two samples 
of their products. Accelerometers using resistive 
technology are really hard to find because 
piezoresistive strain gauges are mostly used. We took 
into account four samples of optical accelerometers 
because there are only few manufacturers specialized 
on this technology, they are made for very special 
niches and because in matters of some analyzed 

parameters their performance is lower in contrast to 
the other technologies. We will discuss this issues in 
the next section in detail.  

Because of small samples of the thermal, resistive 
and optical technology we will highlight only special 
characteristics of these three principles in the next 
section. But note, for these three technologies we 
found no accelerometer with higher performances. 
Due to the fact that the analyzed accelerometers are 
designed for very different applications we will 
explain some important facts and differences. The 
two thermal, nearly half of the capacitive and three 
piezoresistive accelerometers are manufactured as 
simple service mounted devices. The remaining 
accelerometers are integrated in more or less rugged 
housings of aluminum, titanium or plastics. Thereby 
volume and weight can be very different within a 
technology.  

 
 
Table 2. Number of analyzed accelerometers of German manufacturers and remaining manufacturers. The technologies are 

classified by frequency response.  
 

Technology 
Number of accelerometers 
of German manufactures 

Number of accelerometers of 
remaining manufacturers 

Classification by 
frequency 
response 

Capacitive 19 21 

DC-response 
Piezoresistive 6 9 
Resistive 1 6 
Optical 1 3 
Thermal - 2 
Piezoelectric voltage output 5 25 

AC-response 
Piezoelectric charge output 3 17 

 
 
4. Analysis of Parameters 

 

In this section, the parameters measurement 
range, overload shock limit, power consumption, 
volume, weight, frequency response, resonance 

frequency, operating and storage temperature of 
accelerometers specified on their datasheets are 
analyzed. Additionally to our previous review [20] in 
this paper the cost have been analyzed in detail.  
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4.1. General Explanation 
 
Before we start with the evaluation of parameters 

we will explain the figures in this section in detail. 
The figures were designed to correlate the analyzed 
parameters among the measurement range. This is the 
parameter of choice because accelerometers are made 
for measuring acceleration. 

First, we classified all analyzed accelerometers by 
technology and the technology by the number of 
measurement axis, hence there are 13 classes, see 
Table 3. Second, we sorted all accelerometers within 
a class by ascending measurement range. Third, we 
numbered all accelerometers by an identifier (ID) 
starting with the class “piezoresistive 1-Axis” and 
ended with the class “thermal 3-Axis”, see Table 3. 
That means within a class the measurement range 
increase with ascending identifier. A number of  
118 different accelerometers have been analyzed, so 
there are 118 IDs, where each ID is a unique 
identifier of an accelerometers. That means an 
accelerometer, e.g., with the ID 50 in Fig. 1 has the 
same ID in Fig. 2 to Fig. 8. 

 
 

Table 3. Classification of accelerometers by technology 
and number of measurement axis and numbering of the 

accelerometers within a class by identifiers.  
 

Range of ID Classes 
1 - 10 Piezoresistive 1-Axis 
11 - 15 Piezoresistive 3-Axis 
16 - 30 Capacitive 1-Axis 
31 - 55 Capacitive 3-Axis 
56 - 68 Piezoelectric charge output 1-Axis 
69 - 75 Piezoelectric charge output 3-Axis 
76 - 93 Piezoelectric voltage output 1-Axis 

94 - 105 Piezoelectric voltage output 3-Axis 
106 - 109 Resistive 1-Axis 
110 - 112 Resistive 3-Axis 
113 - 114 Optical 1-Axis 
115 - 116 Optical 3-Axis 
117 - 118 Thermal 3-Axis 

 
 

Among the 118 accelerometers, there are only 
three capacitive ones with two measurement axes. 
Because of that small number they were classified 
into the class of “Capacitive 3-Axis” accelerometers 
and no differentiation was made.  
 
 
4.2. Measurement Range of Accelerometers 
 

In datasheets, the measurement range is mostly 
specified for a symmetric range of acceleration such 
as from -500 g to 500 g. Rarely the lower limit is 
restricted, e.g., from -200 g to 500 g. In this review, 
the parameter measurement range stands for the 
upper limit of positive range of acceleration. For the 
last given example the measurement range is 500 g. 
In this review there is no need to analyze the negative 
measurement range, as for 95 of 118 accelerometers 

the measurement range is specified for a symmetric 
range. For 24 accelerometers, the lower limit is not 
specified and only for one accelerometer, the lower 
limit is restricted. 

In Fig. 1 the measurement range is plotted against 
the accelerometer-ID. Note that this is a three 
parameter plot. The visualized parameters are 
technology, number of measurement axis and 
measurement range. For the sake of completeness the 
three capacitive accelerometers with two 
measurement axis are marked by the dotted circle.  
 
 

 

 
 

Fig. 1. Measurement range of 118 accelerometers classified 
by technology, number of measurement axis and sorted by 

measurement range in ascending order. 
 
 

Thermal accelerometers are limited to a measurement 
range of 5 g, optical to a range of 200 g, capacitive to 
a range of 500 g and resistive to a range of 10,000 g. 
Only piezoelectric and piezoresistive accelerometers 
are capable of measuring more than 10,000 g with the 
restriction that piezoresistive accelerometers are the 
only ones for DC-response above 10,000 g up to 
60,000 g. 

For measuring accelerations of 100,000 g and 
more, only piezoelectric accelerometers are capable 
with the restriction that triaxial piezoelectric 
accelerometers with voltage output are strictly 
limited to 10,000 g.  
 
 
4.3. Overload Shock Limit 
 
Again, before we continue with the analysis, we will 
go deeper in detail with the figures in this section 
since it is important to understand the concept. In 
Fig. 2 the overload shock limit is plotted against the 
ID. The arrow illustrate the decrease of overload 
shock limit by increasing measurement range. Note 
that this is a four parameter plot. The parameters are 
technology, number of measurement axis, overload 
shock limit and measurement range. The parameter 
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measurement range is not explicit presentable. Since 
always the same numbering of accelerometers from 
Table 3 is used, measurement range increases within 
a class with ascending ID. So it’s possible to 
correlate the overload shock limit (and the parameters 
in the following figures) among the parameter 
measurement range. 

Besides piezoelectric accelerometers most 
accelerometers are not made for overload shocks 
beyond the 10,000 g limit. Especially capacitive 
accelerometers are strictly limited to the 10,000 g 
threshold. General the capacitive technology is 
utilized to withstand shock levels up to 20,000 g [11]. 
We identified only one manufacturer producing and 
selling capacitive accelerometers with such overload 
shock limits [21, 22]. But this product is under export 
control, so we did not take it into account.     
 
 

 

 
 
Fig. 2. Overload shock limit of 118 accelerometers 

classified by transduction principle, number of 
measurement axis and sorted by measurement range in 

ascending order.  
 
 

Within this review we want to point to the fact 
that a general comparison of overload shock limits of 
different accelerometers is only possible to a limited 
degree, due to the fact that this parameter is only 
valid for a specified profile of acceleration and a 
defined period of time. Usually in datasheets the 
overload shock limit is specified as the peak of a 
semi sinusoidal profile of acceleration. But a uniform 
specification of the period of time on datasheets is 
missing. In the datasheets we analyzed, the period of 
time is specified not uniformly but instead in terms of 
the maximum or the minimum time or the rise time 
of a semi sinusoidal profile. So the significance is 
completely different, which makes a comparison 
meaningless. In addition, for altogether 85 
accelerometers the period of time is not even 
specified on datasheets. Still, often the specification 
for overload shocks is further restricted, e.g., to 
positive and negative shocks, to the different 

measurement axis and to a powered or unpowered 
device. For this review we used a conservative 
approach and considered the lowest shock limit of an 
accelerometer specified on the datasheet.     
 
 

4.4. Power Consumption 
 

In Fig. 3 the power consumption is plotted against 
the ID. Note that piezoelectric accelerometers with 
charge output and optical accelerometers are 
excluded because electronics is not integrated and 
thereby no power is used. Of course, both principles 
also need electronics, but in this review, we did not 
focused on external electronics since this is beyond 
the scope of this review and these do not affect the 
analyzed parameters. We will explain this fact in 
detail in the following subsections. Furthermore, for 
13 accelerometers no power consumption was 
specified on datasheets. 

 
 

 

 
 

Fig. 3. Power consumption of 81 accelerometers classified 
by technology, number of measurement axis and sorted by 

measurement range in ascending order. 
 
 

Generally the upper limit of power consumption 
for the analyzed accelerometers is about 1 W. The 
majority of capacitive accelerometers show the 
minimal power consumption in total beside some 
(ultra low power) piezoelectric accelerometers with 
voltage output. Our analyses show that there is no 
significant correlation between power consumption 
and measurement range. Particularly the power 
consumption for uniaxial piezoelectric 
accelerometers with voltage output is nearly constant. 

 
 

4.5. Volume 
 

In Fig. 4 the volume is plotted against the ID. The 
arrows show the decrease of volume by increasing 
measurement range. Again, note that the volume for 
piezoelectric accelerometers with charge output and 
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optical accelerometers does not comprise integrated 
electronics as explained in the section before.  

The volume of the capacitive technology covers a 
range of five decades from 1E-3 cm3 up to 100 cm3. 
Because 21 capacitive accelerometers are fabricated 
as simple service mounted devices they show a very 
low volume. The remaining capacitive ones are 
integrated in rugged housings made of plastic or of 
aluminum and titanium for applications in harsh 
environments. However this technology has the 
minimal volume in total. The thermal accelerometers 
are also fabricated as service mounted devices but 
their volume is one magnitude higher than the lower 
limit of capacitive accelerometers.  

There is a correlation of decreasing volume with 
increasing measurement range for piezoresistive and 
piezoelectric accelerometers with voltage output. 

 
 

 

 
 

Fig. 4. Volume of 118 accelerometers classified by 
technology, number of measurement axis and sorted by 

measurement range in ascending order.  
 
 

Piezoresistive and optical accelerometers show a 
slightly higher volume in contrast to the other 
technologies. Between piezoelectric accelerometers 
with charge output and piezoelectric accelerometers 
with voltage output (with integrated electronics) there 
is no significance difference in volume.  
 
 
4.6. Weight 
 

In Fig. 5 the weight is plotted against the ID. The 
arrows show the decrease of weight by increasing 
measurement range. Note again that electronics for 
piezoelectric accelerometers with charge output and 
optical accelerometers are excluded. The weight is an 
important parameter because the weight of an 
accelerometer should be less than 10 % the weight of 
the structure to by measured [12]. Otherwise the 
accelerometer affects the system to be measured.   

For 20 accelerometers, 18 capacitive and the two 
thermal ones, the weight is not specified on 
datasheets. They are all fabricated as service mounted 
devices, so it seems the specification is missing due 
to their probably low weight.  

The remaining 98 accelerometers are integrated in 
housings and thus are more comparable among each 
other. The weight of these technologies span a range 
of three decades from 0.1 grams up to 100 grams.  

According to the volume, first, there is a tendency 
of decreasing weight by increasing measurement 
range for piezoresistive accelerometers and 
piezoelectric accelerometers with voltage output. 
Second, between piezoelectric accelerometers with 
charge output and piezoelectric accelerometers with 
voltage output (with integrated electronics) there is 
no significance difference in weight. Piezoresistive 
and optical accelerometers show no nameable higher 
weight in contrast to the other technologies 

 
 

 

 
 

Fig. 5. Weight of 98 accelerometers classified by 
technology, number of measurement axis and sorted by 

measurement range in ascending order.  
 
 

For optical and piezoelectric accelerometers with 
charge output electronics is separated from the 
system to be measured. That means additional 
volume and weight for electronics do not affect the 
system to be measured.   
 
 
4.7. Resonance Frequency 
 

In Fig. 6 the resonance frequency is plotted 
against the ID. The arrow illustrate the decrease of 
resonance frequency by increasing measurement 
range. For altogether 40 accelerometers, thereof 
entire 21 capacitive, 10 piezoresistive, two optical 
and the two thermal ones, this parameter was not 
specified on their datasheets.  Due to sparse data, we 
exclude these four technologies from discussion. 
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The upper limit of resonance frequency for 
uniaxial piezoelectric accelerometers is 200 kHz. For 
uniaxial piezoelectric accelerometers with voltage 
output, the resonance frequency correlates with 
increasing measurement range. The triaxial versions 
show lower limitations of about 90 kHz.  

 
 

 

 
 

Fig. 6. Resonance frequency of 78 accelerometers 
classified by technology, number of measurement axis and 

sorted by measurement range in ascending order.  
 
 

In principle for triaxial accelerometers the 
resonance frequency is specified individual for each 
axis. Mostly one or two axis show a lower 
specification. Due to our conservative approach we 
considered the lowest resonance frequency of an 
accelerometers.   
 
 

4.8. Frequency Response 
 

First a comparison of the frequency responses of 
accelerometers is only possible to a limited degree 
because a uniform specification of the tolerance of 
the output signal on datasheets is missing. For only 
54 of 118 accelerometers, the frequency response is 
specified for a tolerance of the output signal within a 
range of ±3 dB. For 56 accelerometers, the tolerance 
of the output signal is specified non-uniformly for 
one or more of the following tolerances, e.g., -18 %, 
+15 %, ±10 %, ±7 %, ±5 %, ±10 dB, -3 dB, ±2 dB, or 
completely not specified. For eight accelerometers 
the specification of the frequency response is 
completely missing.  

For the analysis we considered the frequency 
response within a range of ±3 dB if specified, 
because this is the most used uniform tolerance. If 
not specified within a range of ±3 dB we took into 
account the frequency response within the lowest 
tolerance specified on the datasheet.  

Furthermore, for triaxial accelerometers the 
frequency response is specified individual for each 

axis. Again, we considered the lowest frequency 
response of an accelerometer.    

In Fig. 7 the range of the frequency response is 
plotted against the ID. Notice that the axis of ordinate 
combines a non-continuous logarithmic and linear 
scale. Beside few exceptions piezoresistive and 
resistive accelerometers are restricted to an upper 
limit of 5 kHz and capacitive accelerometers to an 
upper limit of 1 kHz. Piezoelectric accelerometers are 
capable for a frequency range of 1 Hz up to 20 kHz 
and a few can be used for a frequency response down 
to 0.2 Hz.  

 
 

 

 
 
Fig. 7. Range of frequency response of 110 accelerometers 
classified by technology, number of measurement axis and 

sorted by measurement range in ascending order. 
 

 
By trend uniaxial piezoelectric accelerometers 

show a wider frequency response than the triaxial 
ones. The thermal accelerometers are limited to 
17 Hz and by frequency extension circuits, this limit 
can be pushed up to 100 Hz [5]. 
 
 
4.9. Operating Temperature 
 

Fig. 8 presents the operating temperature plotted 
against the ID. Piezoelectric accelerometers with 
charge output can be used for very high and low 
temperature ranges. Their limits of operating 
temperature is in the range of -74 °C up to 200 °C 
and more. Some are capable to work down to -195 °C 
and up to 250 °C as the electronics as the limiting 
factor is excluded. 

Beside resistive accelerometers all technologies 
can be manufactured for operating temperatures in 
the range of -54 °C up to 120 °C. For capacitive 
accelerometers, the standard temperature is in the 
range of -40 °C up to 85 °C. For piezoresistive 
accelerometers the standard temperature is in the 
range of -20 °C up to 85 °C.  
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Fig. 8. Range of operating temperature of 118 
accelerometers classified by technology, number of 

measurement axis and sorted by measurement range in 
ascending order. 

 
 

By tendency, the positive operating temperature 
for uniaxial capacitive and uniaxial piezoelectric 
accelerometers is higher than for the triaxial ones. 
 
 

4.10. Storage Temperature 
 

In Fig. 9 the storage temperature is plotted against 
the ID. In contrast to the operating temperature there 
is no important performance gain. Only the 
piezoresistive and capacitive technology show 
extended storage temperature.  

For the remaining technologies the storage 
temperature is equal the operating temperature. There 
are only a few samples with storage temperatures 
down to - 60 °C. 
 
 

 

 
 
Fig. 9. Range of storage temperature of 118 accelerometers 
classified by technology, number of measurement axis and 

sorted by measurement range in ascending order. 
 

4.11. Cost per Unit 
 

We asked all manufacturers for the cost in content 
of a technology study. Some manufacturers did not 
answer the request, but overall we got the costs per 
unit for 107 accelerometers. Excluding the optical 
technology, the cost per unit reaches from 1 to 
3200 €. All costs include the German value-added tax 
of 19 %. The cost per unit are valid for the minimum 
purchase, mostly one piece. 

Usually additional accessories such as mounting 
equipment and cables are excluded. But depending 
on the technology and type of housing, cables are 
fixed with the accelerometers and thereby included in 
the cost.  

In Fig. 10 the cost per unit are plotted against the 
ID. The capacitive and thermal technology show the 
lowest costs. They are available from 1 € but 
capacitive accelerometers can cost up to 2700 €. Only 
the service mounted device accelerometers are  
low cost. 
 
 

 

 
 
Fig. 10. Costs per unit of 107 accelerometers classified by 

technology, number of measurement axis and sorted by 
measurement range in ascending order. 

 
 

The cost for the optical accelerometers have to be 
analyzed separated because for two samples the costs 
of about 10,000 € incorporates external electronics. 
The first one incorporates a single channel sealed, 
miniaturized and rugged electronics. The second one 
incorporates a two channel electronics for rack 
mounting. These two kind of electronics are very 
different. Without analyzing the performance of 
external electronics it’s difficult to compare costs but 
it’s a reference point in contrast with the other 
analyzed technologies. Furthermore it is not effective 
to compare totally different electronics. This is one 
reason why we did not focus on external electronics. 
The costs of 500 € and 800 € for the remaining two 
optical accelerometers exclude external electronics.  
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Further analyzes of Fig. 10 are not meaningful 
because cost are a function of several analyzed 
parameters (not only measurement range and number 
of measurement axis) and also parameters we have 
not considered in our review.  
 
 
4.12. Performance by Country of Origin 
 

For the last figure of this paper, we chose another 
design to illustrate two interesting facts. Therefor a 
distinction between numbers of measurement axis 
has not been made. Fig. 11 presents the overload 
shock limit plotted against the measurement range. 
Accelerometers from German manufacturers are 
highlighted in green, the one from the European 
Union are highlighted in orange and the non-EU ones 
are highlighted in black. 
 
 

 

 
 
Fig. 11. Overload shock limit versus measurement range of 

118 accelerometers. The technologies are highlighted by 
the shape of the symbols.  

 
 

First, accelerometers from German manufacturers 
are limited to a measurement range of 6,000 g and to 
overload shock limits of 10,000 g. Capacitive 
accelerometers of German manufacturers are up to 
date in comparison with accelerometers worldwide. 
But especially piezoelectric and piezoresistive 
accelerometers show lower performances of about 
one order of magnitude in regard to measurement 
range and overload shock limit. But Fraunhofer 
Ernst-Mach-Institut, EMI, developed a piezoelectric 
accelerometer with state of the art performance [23]. 
Accelerometers from manufacturers of the European 
Union are limited to overload shocks of 100,000 g 
and to a measurement range of 80,000 g. This is close 
to the performance of state of the art accelerometers 
worldwide.  

Second, a strict threshold for accelerometers 
based on a proof mass is found. Within a 
measurement range of up to 2,000 g, they are strictly 
limited to overload shocks of 10,000 g. Remember 

that the thermal principle works without a proof mass 
and so it is less fragile to overload shocks. Therefore, 
beside accelerometers capable of measuring more 
than 10,000 g, it is very difficult to find such ones 
with overload shock limits beyond the 10,000 g 
limitation.   
 
 
4.13. Concluding Considerations 
 

Before we come to the conclusion we want to 
mention some additional facts. We analyzed the 
performance of accelerometers as they are specified 
on their datasheets. By request some manufacturers 
offer a better performance as extended temperature 
range for extra money. Also in part it is possible to 
customize accelerometers in a limited range. 

Products are usually designed and balanced to 
special market demands such for automotive 
applications. Therefore this review can only point out 
the performance of technologies of state of the art 
accelerometers. Physical and technical limits of the 
analyzed technologies could be higher.  

Furthermore a comparison of parameters of 
accelerometers is not always easy due to a lack of 
uniform or missing specification in datasheets. In this 
context, important parameters, such as negative 
measurement range, period of time for overload 
shock limit, frequency response and resonance 
frequency have to be mentioned. 

 
 
5. Conclusions 
 

A variety of very different 118 commercial 
piezoelectric, piezoresistive, resistive, capacitive, 
thermal and optical accelerometers have been 
reviewed. The parameters measurement range, 
overload shock limit, power consumption, weight, 
volume, frequency range, resonance frequency, 
operating and storage temperature and also cost were 
analyzed.   

The paper shows that accelerometers from 
manufacturers of the European Union are nearly state 
of the art with regard to measurement range and 
overload shock.  

A strict overload shock limit of 10,000 g was 
identified for accelerometers with proof mass within 
a measurement range of up to 2,000 g. We ascertain 
that the performance of uniaxial and triaxial 
accelerometers is slightly different. Especially 
uniaxial piezoelectric accelerometers show a better 
performance with regard to measurement range, 
overload shock limit, resonance frequency, 
frequency response and operating temperature than 
the triaxial ones. 

In summary, piezoelectric accelerometers show 
the highest measurement range up to 100,000 g, 
shock limits up to 200,000 g and operating 
temperatures up to 200 °C (piezoelectric with charge 
output). Capacitive accelerometers show the lowest 
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power consumption down to 1E-3 W and volume 
down to 1E-2 cm3. Piezoresistive accelerometers 
show the widest frequency response from 0 Hz up to 
10 kHz. Thermal accelerometers show outstanding 
shock limits of 50,000 g by low measurement ranges 
of 5 g. Optical accelerometers show immunity to 
electromagnetic interferences and are capable for 
measurement ranges up to 200 g and shock limits up 
to 2,000 g. The cost per unit are in the range of 1 € to 
3200 € and for optical about 10,000 €. This review 
was meant to be a reference work for choosing the 
right technology.  
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