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Abstract 

Satellite Testing Sensors 

New accelerometers design advancements for spacecrafts vibration testing:  

“from microg to pyroshock testing” 

 

The role of measurement sensors plays a fundamental role in various development tests and is also 

mandatory for all types of small satellites. In these pages, we will summarize some of the latest results 

achieved in the development of technologies to achieve increasingly advanced performance for 

satellite test accelerometers. We will evaluate three type of vibration testing, from microG to high G 

pyroshock testing. 

 

 

Agenda/Index 

1. Microvibration triaxial  accelerometer 

2. Low outgassing and vibration stress screening accelerometer 

3. New accelerometers technology for pyroshock testing 

Extended Abstract 

Sensors for Satellite Testing 

New accelerometers design advancements for spacecrafts vibration testing “from microg to pyroshock 

testing” 

 

1. Content: 

• Overview of satellite testing sensors 

• Microvibration new design 

• Low outgassing accelerometers 

• Shock & pyroshock state of the art measurement technologies 

• Errors in shock measurements 
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2. Overview of Sensors for Satellite Testing 

 

Prima di presentare le nuove soluzioni e tecnologie degli accelerometri per misure da microvibrazioni a 

pyroshock, risulta opportuno presentare un breve riassunto dei sensori per diversi tipi di test dinamici 

su satelliti. 

 

a. Structural analysis 

b. Microvibration  

c. ENV Test- Vibration stress screening 

d. PyroShock 

e. Low Outgassing Accels and Cables 

f. Force Limited Vibration (FLV) 

g. Acoustic stress 

h. Satellite propulsion & cryogenic 

 

3. Structural Test sensors 

Structural tests are among the first tests conducted on satellites as they provide useful information right from 

the design and prototyping phase. The system includes an excitation phase performed with instrumented 

hammers (for quick and preliminary measurements) and electrodynamic shakers to provide different 

excitation waveforms. Accelerometers are used to measure the response of the satellite (or its component) 

following excitation and are typically cubic in shape for easier and faster assembly, yet still precise due to 

features such as the "shear" design, which offers significant advantages in measurement accuracy and 

reliability, as well as a precise phase response useful for the use of a large number of sensors that must all 

measure simultaneously. 

In the following figure we find an overview of these sensors and accessories as well as a reusable strain 

sensor, unique on the market, which according to available literature offers the possibility, used in 

conjunction with accelerometers, to identify other modes that may escape a pure accelerometer 

measurement. 



3 
 

 

4. Modal Testing Sensing Technologies 

Therefore, below we report a list of the sensors used for structural tests with related accessories and which 

we will not discuss in detail as they are beyond the scope of this extended abstract. 

a. Accelerometers: 

i. Piezolelectric 

ii. DC Capacitive 

b. Excitation inputs: 

i. Impact hammers 

ii. Modal shakers, stingers and accessories  

iii. Force Transducers & Impedance heads 

c. Cable management 

i. Structural test systems 

ii. TEDS technology 

In the following figure we report a series of examples of such sensors summarized above. 
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5. Unique Dynamic Reusable  Strain Sensors 

The reusable strain sensor, as previously mentioned, is useful for structural testing when used in conjunction 

with an accelerometer. The main benefit for dynamic strain testing is its simple reusability, which allows the 

sensor to be easily and quickly attached and removed from the test article without damaging the test article's 

structure, a particularly important feature for satellites. 

 

All other types of sensors and tests summarized above will not be mentioned as in the following pages we 

will focus the exposition on the 3 types of tests and related new examples of technologies. 

Part 1. Microvibration sensors 

As per the title, "From microG to pyroshock," we now begin to discuss accelerometer solutions for 

microvibration testing. These tests are essential to the life and function of some vital satellite components, 

which, if subjected to even minimal vibrations during operation, can impair their performance once in orbit. 

High sensitivity accelerometers overview 
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Below in the image is a series of so-called "seismic" accelerometers, as they measure even at microG levels. 

They are not as small as other test accelerometers, precisely because of their high sensitivity. 

 

 

Sensors for seismic test 

 

 

An example of the use of these types of sensors is reported below and explained in a dedicated paper 

where the use of these seismic sensors in space orbit on this satellite is explained. 
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PCB® Piezotronics, Inc. Supplies Accelerometers for the GOES R Series Weather Satellites. 

Piezoelectric accelerometers ensure accurate dynamic, environment measurements in flight of GOES 16 

spacecraft. 

 

 

The problem with this application and others was to keep the size of these sensors small, a problem now 

solved with the advent of this new solution, still piezoelectric, but this time triaxial, which, by allowing 

simultaneous measurement on three axes, significantly reduces the space required to house these 

accelerometers. 

 

354A12 New Triaxial microG accelerometer 

Below we highlight the main features of this new and unique technological solution, particularly useful for 

small satellites where microvibration tests were strongly affected by the size of the accelerometer. 

Key Technical Features: 

▪Triaxial package designed for installation in structures or machinery 

▪Very Low noise. Resolution 10 μ g rms 

▪Frequency range from 0.17 to 700 Hz  (@5%) 

▪Case Isolated / Hermetic stainless steel housing 

Model 354A12 as our first triaxial, seismic accelerometer complementing our existing 393 Family of single 

axis, seismic / high sensitivity accelerometers. This model has significant size/mass (22.7 oz, 645 gm), 

designed for installation in structures and machine bases. The size is driven by the large, individual ceramic 

elements that provide high piezoelectric output, requiring less amplification to provide the cleanest possible 

output. The elements are laser welded into the housing and wired to the PCB ¼-28 4-pin connector. Mounting 

will be via two through-bolts for good coupling with the object under measurement and hermetic sealing 

allows installation in damp locations or locations under vacuum. 
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Model 354A12 adds a triaxial model to PCB’s family of Seismic Accelerometers with onboard TEDS 1.0 and 

individually case isolated elements in a rugged package. 
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The figure above shows a photo, specifications, and an example calibration paper for this triaxial seismic 

accelerometer, which once again certifies the accuracy of each unit produced. 

 

Fig.    354A12 Spectral Noise Validation Testing 

 

The figure above shows a photo, specifications, and an example calibration paper for this triaxial seismic 

accelerometer, which once again certifies the accuracy of each unit produced. 

2.  Satellite test: low outgassing sensors 

One of the challenges of satellite testing is avoiding disruption to their functionality once in orbit, and in 

this case, appropriate technologies are used. One of these concerns is the potential leakage of the 

accelerometer-cable system, which could obscure the satellites' optical components, rendering them 

inoperable. To this end, accelerometers and cables made of suitable, very low-loss materials are used, in 

compliance with aerospace standards such as those of NASA. 

Below is a paper on this topic and an example of low outgassing accelerometers mounted on a satellite 

under test. 
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This table summarizes the main benefits of that example of a low outgassing accelerometer in the face of 

each testing challenge. 

Accelerometers, connectors & cables low outgassing 
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This figure shows examples of accelerometers and cables that meet the low-outgassing conditions and 

standard. Specifically, for miniaturized cables and accelerometers, in compliance with the NASA standard, a 

list of the materials used to make the accelerometer and cable must be provided. For other hermetic 

accelerometers and their connectors, specific tests must be performed in accordance with the standard. 

One of the challenges concerns connectors that can meet the standard with a specific design and 

production process for glass-to-metal bonds. 

Leak Testing 

On such accelerometers and hermetic connectors the bubble test is the coarsest and the test in the mass 

spectrometer is the finest test to test for very low levels of low outgassing as summarized below: 

▪ Bubble test is  visual in heated fluroinert (picture blow left) 

▪ 110 °C fluroinert 

▪ Fine leak test subjects accelerometers and connectors to pressurized helium 

▪ Mass spectrometer vacuum leak detector verifies leak flow rate of <2x10-8 cc/sec (picture center) 

▪ 3 tests: Hermetic connectors, Finished sensor assembly, Weld joints ‘sniff’ ( two picture on right 

side below) 

                           

 

Accelerometers Low Outgassing 

Here is an overview of low outgassing accelerometers and cables that are a derivative of standard 

accelerometers and cables but comply with NASA standards. 
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Low Outgassing  Posters 

Finally, below are two posters: an older one presented at an international conference on cubesats and, on 

the right, the updated version of this poster summarizing the solutions presented. 

 

3. Pyroshock Test Sensor Technologies: 

Mechanically Isolated & Electrically Filtered ICP pyroshock Accelerometers 

In this final part of this extended abstract, we report the state of the art of sensors for pyroshock testing for 

satellites. Here an example of such shock accelerometers. 
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Pyroshock test 

 

A typical live explosive pyroshock simulation can be performed by using either (as in picture): 

• a detonation cord 

• a pendulous impact 

• Or Air hammer 

 

The technological challenges for such pyroshock sensors for measurements up to 100,000 G lie especially in 

the following 3 typical measurement errors that affect such tests: amplifier saturation, zero shift and 

ringing. With Mechanical Isolation, zero shift and ringing are avoided, while an electronic low-pass filter 

prevents amplifier saturation. Below is a finite element simulation of mechanical isolation and the pre- and 

post-effects with plots over time, as well as a schematic of the accelerometer with this mechanical 

isolation. 
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Piezoelectric Shock Accelerometers 

These accelerometers represent the state of the art for pyroshock measurements and the unique features 

resulting from this design are summarized below: 

▪ Uniquely Designed for Pyroshock 

▪ They contain mechanical isolation and an electrical LP filter 

▪ Mechanical Isolation 

▪ Removes out band energy above 45 kHz 

▪ Reduces strain effects and zero shift of the element 

▪ Ensures the survivability of the accelerometer from over-shock 

▪ Electronic LP filter 

▪ Located between the sensor and the amplifier input stage 

▪ Reduces resonant effect of mechanical isolation 

▪ High Signal-to-noise Ratio 

▪ 50 kG sensor has 0.5 g resolution 

 

 

Shock Accelerometer Calibration. These accelerometers are obviously calibrated using appropriate 

calibration systems and the certificates demonstrate that the residual zeroshift is almost zero with these 

innovative technological solutions. 
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New unique Triaxial ICP® Shock Accelerometer (350B4X)  

Below are summarized the features of the only triaxial pyroshock accelerometer currently available on the 

market that has electronic filtering and mechanical isolation on each axis and is available for ranges up to 

100,000G. 

 


