
 

 
 
BENCH TOP TESTING OF ELECTRO- 
MECHANICAL DEVICES USING A 
105-AVT ANGULAR VIBRATION TABLE 
 

ACUTRONIC reserves all rights in connection with this document and in the subject matter represented herein. The 
recipient hereby acknowledges these rights and shall not without ACUTRONIC’s written permission disclose or 
divulge this document in whole or in part to third parties or use it for any purpose other than for which it was delivered 
to recipient. 

Page 1 

 

Howard S. Havlicsek, Dino Smajlovic 

Acutronic USA, Inc., Pittsburgh, PA, USA 

Division of Acutronic Group, Bubikon, Switzerland 

 

ABSTRACT 

This paper is directed to developers of small electromechanical devices and systems including sensors, transducers 
and precision hardware assemblies that need to be tested in vibrating environments. The Acutronic 105-AVT Angular 
Vibration Table produces high fidelity angular vibration over a wide frequency range and serves as a test platform for 
stimulation and performance verification during development and/or small lot production. The compact form factor of 
the Acutronic 105-AVT makes this angular vibration table especially suited for bench top testing of inertial components 
and integrated strap down systems based on MEMS technologies. Traditional inertial devices and non-inertial devices 
have been tested with great success. 

Test strategies using the AVT include measurements of bandwidth, vibration induced null drift, cross axis sensitivities, 
delta frequency differentiation, effects of rotational shock and other errors stimulated by vibration. A device under test 
(DUT) can be mounted off axis to produce a tangential (linear) vibration, avoiding the need for a conventional shaker 
in some situations. 

The 105-AVT can also be used as a laboratory component, providing a high response torque actuation or as a high 
resolution angular displacement platform. Payloads may include components such as mirrors, beam splitters, 
diffraction grating or other electro/optical/mechanical devices. 
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VIBRATION TESTING 

Vibration testing has always been a part of the development process for electro-mechanical components and systems 
in both military and commercial industries. To this end, vibration simulators have been employed to stimulate test 
articles with realistic angular and linear vibrations. 

Traditionally, vibration testing has focused on linear vibration modes - vibration in an airframe tends to be translational 
due to engine vibration and air turbulence. As a consequence, there is a general perception that linear vibration has a 
more significant impact on electromechanical devices and warrants more (exclusive) attention. Furthermore, angular 
vibration modes are often a result of bending modes which tend to occur at lower frequencies, are more easily 
simulated and in many cases are ignored. 

 

OVERVIEW OF THE 105-AVT 

The AVT is the rotational counterpart to a linear shaker; its design/construction is similar in the following ways: 

• High acceleration and high frequency response are achieved using a low mass/inertia ironless armature 
which is tightly coupled to the table top. 

• The table top (which holds the DUT) is mechanically supported using a limited motion flex bearing. 
• The actuator is driven using a low noise linear power amplifier which has a very broad frequency range. 

Historically, AVT designs have been developed by extending the frequency range of traditional angular rate/position 
tables use to test/calibrate gyros and linear accelerometers. This approach has had moderate success where tests 
demand angular vibration in the range of 500 Hz or less; consequently, higher frequency testing using angular 
vibration for stimulation has been avoided and the industry has developed vibration testing around linear shakers. In 
most cases, this practice has not compromised the quality of legacy devices; however, with the advent of miniature 
MEMS based sensors which use flex elements for proof mass suspension, the structural modes of the devices are 
higher in frequency and result in more pronounced cross axis sensitivities. The need for high fidelity angular vibration 
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for complete characterization of modern devices is quickly becoming apparent and Acutronic has broadened its 
product offerings to meet this need. 

 

DESCRIPTION 

The Angular Vibration System (AVS) is offered as a general purpose angular vibration platform for evaluating small 
state-of-the-art electro-mechanical devices and sensors on an axis-by-axis basis. It is comprised of an Angular 
Vibration Table (AVT) and an Interface Module (IM). The AVS is suitable for research, prototype testing, product 
development and small lot production testing of inertial sensors and systems. 

The 105-AVT is a portable angular vibration table that is easily integrated into laboratory test or experimental 
breadboard environments. The base of the AVT has a 6” (152mm) square footprint, weighs only 7 pounds (3.2 Kg) 
and supports a 5” diameter table top 2.3” (58.4 mm) above a mounting surface. The table top has both circular and 
linear grid bolt patterns for flexible mounting of a DUT. A non-traditional bearing system provides virtually no friction; 
this results in low distortion and long product life without performance degradation. The torque actuator is a low inertia 
pancake design with windings embedded in a carbon fiber form – the armature is clad to provide optimum heat 
transfer, electrostatic shielding, and magnetic damping. The stator field is produced by two annular rings of rare-earth 
magnets resulting in a 12-pole design and permitting linear operation over ± 5° of position range. The rotor is directly 
mounted to the table top so that mechanical resonances are significantly beyond the usable frequency range of the 
AVT. 

 

Figure 1 - Angular Vibration System and AVT Base Mounting Pattern 

The Interface Module provides excitation signal conditioning, closed current loop control and an appropriately sized 
linear power amplifier to drive the AVT. The front panel contains two mechanical controls that are used to manage the 
operation and configuration of the AVS. LEDs are used to indicate the configuration and operational state of the 
system. The graphics on the front panel describe the architecture of the system in block diagram form, providing an 
intuitive way to view the system configuration, operating state and safety/fault status. BNC connectors are provided to 
input a vibration stimulus, monitor the motion states of the AVT and output a variety of internal analog signals 
identified on the front panel graphic. 

The architecture of the principal components of the Angular Vibration System is depicted below in the Figure 2. From 
left to right, an excitation signal is input to the linear power amplifier which operates in a differential voltage mode. The 
output voltage appears across the torque motor resulting in a measurement of motor current (Ifbk) which can be 

instrumented and/or used to close a current loop (not depicted in this figure). The resulting torque acts upon the 
combined inertia of the table top and payload resulting in angular acceleration.  This acceleration is sensed by the 
tangentially mounted linear accelerometers (Acc1 and Acc2). The “Integrated Circuit – Piezoelectric” ICP 
accelerometer signals are buffered, averaged and scaled to produce a measurement of angular acceleration 
(ACCEL) - a differential unbalance test signal (UnBal) provides a metric for balancing the relative gain of the two 

accelerometers. Also depicted are the motion state integrators which provide an estimate of rate and position based 
on the calibrated ACCEL signal. 
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SAFETY SYSTEMS 

A variety of safety tests have been implemented in the Angular Vibration system to ensure safe operation of the AVT, 
the IM and the DUT. Safety tests are performed continuously on measured states related to the dynamic motion, 
power supply voltages and thermal measurements in the system. All conditions that are considered hazardous to the 
safe operation of the AVS or the DUT result in disabling the system. The AVS will not automatically re-activate - the 
detected fault must be manually reset.  

Safety test include: power supply voltages, power amp current limit, power amp over temperature, excessive angular 
acceleration, excessive unbalance, accelerometer loss of feedback and motor over temperature. 
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Figure 2 - AVS Drive/Sensor Architecture 

 

PERFORMANCE 

The performance of the Angular Vibration System is summarized in the Performance Summary table. A detailed data 
sheet can be downloaded from the www.acutronic.com web site and additional documents can be requested. 

Performance Summary  

Acceleration Range (°/s
2
) ± 60,000 (3.5 Kgcm

2
 load) 

Rate Range (°/s) ± 550 

Position Range (deg) ± 5 

Usable Frequency Range (Hz) DC - > 5,000 

Frequency Response  (db) ± 1 (25 – 2500 Hz) 

Harmonic Distortion (%) 1 

Angular Vibration Noise (°/s
2
/Hz) 0.1 

Maximum Payload Weight (Kg) 1 

 

The AVT is generally used in conjunction with a third party vibration controller. The default configuration of the system 
employs a high bandwidth (5 kHz) current loop and capitalizes on the inherent linearity of the torque actuator to 
produce a stable vibration stimulus to the DUT.  A (user supplied) input signal is the command to the current drive and 

http://www.acutronic.com/
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the angular acceleration response that results is characterized by the open loop acceleration frequency response that 
is plotted in Figure 3 for various input cut off frequencies. 

The table dynamics at 14 Hz is the result of the slightly under damped mechanical resonance that results from the 
rotational compliance of the flex bearing and the inertia of the table top plus payload. These plots correspond to an 
unloaded table – the addition of a payload (increased inertia) results in a lower resonance frequency. The default 
input setting (Mag-20/2; red plot) provides the flattest response and the best low frequency noise performance – this 
setting provides the only second order low frequency cut off and is evidenced by the +2 slope. 

 

 

Figure 3 – Acceleration Response (magnitude) 

 

CALIBRATION 

Reliable vibration monitoring is extremely importance to ensure the accuracy and 
fidelity of test results. For linear vibration measurements, an accelerometer can 
easily be mounted/aligned along the axis of a shaker table; consequently, in most 
linear vibration applications, measurement sensors are independently mounted to 
the structure and calibrated as needed. Angular vibration monitoring is much more 
challenging because the availability of angular vibration sensors is very limited 
and available devices generally do not have very high bandwidth.  This dilemma is 
often solved by using two high response linear accelerometers to measure a 
computed angular acceleration. Two accelerometers are diametrically mounted on 
a rotational platform (table top) such that their sensitive axes are parallel and in a 
plane orthogonal to the axis of rotation. The distance between the accelerometers 
is maintained as large as possible to ensure the highest sensitivity and the best 
signal to noise ratio. Angular acceleration is scaled based on the accelerometer 
linear scale factors and the distance between the accelerometer centers. 

Angular acceleration is computed as follows: 

  
   

  
      

    

   
                 

    
 

 

The Acutronic 105-AVT uses this technique to precisely monitor the angular acceleration of the table top. Two PTB 
352A24 linear accelerometers are internally embedded in the table and a scaled angular acceleration is output as an 
analog signal with three gain ranges.  

The calibration of the angular acceleration output is accomplished using a laser displacement technique as shown on 
Figure 4. A laboratory laser is reflected off of a front surface mirror mounted at the center of the AVT table top. The 
AVT is excited with a sinusoid (typically F = 20 Hz) such that the reflected beam scans a distant target – the 
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magnitude of the displacement on the target is related to the angular displacement of the AVT. Generally the angular 
displacement is set for half the range (± 2.5°) and the acceleration is computed as the second derivative of the 
sinusoid position. For the values specified, the peak angular acceleration is computed: 

              = 39,500 °/s2. 

 

Figure 4: Top view of Laser displacement Test setup 

 

The first step of the calibration procedure adjusts the relative gain of the two accelerometers by finding the null of an 
UnBal signal which is the difference of the accelerometer measurements. The second step sets the gain of the 

average of the two accelerometers so that the analog acceleration output (ACCEL -  ) is correctly scaled. 

A formal procedure (DTP-12001) used to calibrate the AVS is available upon request from Acutronic. 

 

 

TESTING MEMS DEVICES USING THE 105-AVT 

GYRO FREQUENCY RESPONSE 

Gyro manufacturers have devised various methods to gain insight into the frequency response of their products only 
to be frustrated by the performance limitations of their test equipment.  Traditional rate tables used for gyro calibration 
do not have the ability to stimulate the DUT at high frequencies and generally do not provide a high fidelity 
measurement of the true motion of the DUT. Both of these limitations are solved using the Acutronic 105-AVT which 
provides flat response for both stimulation and motion measurement at frequencies exceeding 5 kHz. Figure 5 shows 
a rate gyro mounted on the AVT with its sensitive axis aligned to the rotational axis of the table. The system is 
stimulated with a source signal (S - either white noise or swept sine wave) which is output from a FFT analyzer - the 
table acceleration is measured as the reference signal (A). The analog output of the gyro is the measurement signal 
(B). Note, the gyro outputs a velocity state while the AVT reference signal is a measure of the table acceleration. The 
resulting frequency response has a +1 slope at lower frequencies and must be integrated using the built-in math 
function of the analyzer to produce a proper rate response plot. The frequency response obtained by this test method 
is quickly obtained and precisely represents the frequency response of the gyro.  
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ACUTRONIC has conducted several frequency response tests for a domestic manufacturer of tactical performance 
grade IMU.  The data collected was successfully used in improving the frequency response of the said device. 

IM/PAACC1 ACC2DUT S A B

AVT

B/A

FFT Analyzer

 

Figure 5: Device Under Test (DUT) frequency response test assembly 

 

GYRO BIAS SENSITIVITY 

A gyro has many error sources; one of the more critical is the offset of the rate measurement which is sensitive to 
many design and environmental factors. A wealth of performance information is obtained by simply monitoring the un-
stimulated rate output over time and characterizing the change in bias over various time horizons. Behaviors obtained 
by this method are based on non dynamic test conditions and do not reveal sensitivity to real world environmental 
effects such as angular vibration.  

Consider a gyro mounted on an AVT with the rate axis aligned to the table axis. If the AVT is excited with a zero mean 
signal, the ideal behavior of the gyro is to output a signal whose average value is zero. If a change in bias can be 
related to the applied vibration then there may be a nonlinear sensitivity to angular vibration such as Vibration 
Rectification Error (VRE). 

 

DELTA FREQUENCY DETERMINATION 

If an inertial sensor is designed in such a way that it operates with a mechanism incorporating two frequencies (drive 
and pickup), the difference between these two frequencies (delta frequency) becomes an important parameter.  If the 
sensor is exposed to a mechanical stimulus at a delta frequency the gain of the system can be increased 
exponentially and thus saturate the available output range or damage the sensing mechanism.  When it is saturated, 
the sensor is not capable of detecting inertial input, so an effort is taken to minimize the delta frequency effects.  
Among other means, this can be done by avoiding the delta frequency region in the sensor application, or by 
designing mechanical or electronic filters to minimize gain effect at that frequency. 

The Acutronic 105-AVT table can be used to very precisely determine the actual delta frequency of the sensing 
mechanism.  The measurements can be used to verify design assumptions, determine the total range of the delta 
frequency variation for the given design and help in design considerations for the creating of filters for the sensor 
and/or system of sensors.  The AVT can be setup in such way to produce minimal amplitude at the delta frequency to 
reduce the potential of damaging the DUT. 

 

OFF AXIS LINEAR ACCELERATION TESTING 

The AVS can be used to test device sensitivity to linear acceleration by mounting the DUT off-axis. The sensitive axis 
of the DUT is in the plane of the table top and perpendicular to the line which passes through the device center and 
the table top center.  The physical locations of the linear accelerometers that are embedded in the AVT are indicated 
by small holes drilled in the surface of the table top immediately above the sensing center of each accelerometer. 
Either accelerometer’s output may be selected, scaled and output on the test BNC connector to directly monitor the 
linear acceleration of a test device mounted at the corresponding location. Since the AVT produces rotational motion, 
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the device mounted off axis sees a combination of linear acceleration and angular acceleration. At high frequencies, 
the angular displacement is very small and the linear motion is principally along the sensitive axis of the DUT. 
Mounting a device off axis may result in an unbalanced load which compromises the ideal motion around the axis of 
the AVT – to minimize this effect, a counter weight or second DUT should be diametrically mounted, as shown on 
Figure 6, to keep the center of mass of the total payload on axis.  

ACC1

ACC2

DUT

CWt

 

Figure 6: Off axis linear acceleration test setup 

Accelerometer frequency response can be measured for a device that has an analog output by simultaneously 
sampling data from the DUT and an AVT embedded accelerometer. The data is then processed using a discrete 
Fourier transform (DFT) algorithm; alternatively, a FFT analyzer can directly capture and plot the frequency response. 
The same setup can be used to measure cross-axis sensitivities with appropriate alignment fixtures. 

 

LOCATING THE EFFECTIVE CENTER OF MASS (ECM) OF AN ACCELEROMETER  

An ideal accelerometer has a unique point about which rotations orthogonal to the sensing axis produce no output. 
The geometric location of the ECM, relative to the package, can be determined using an AVS. The procedure involves 
measuring the sensitivity of the linear accelerometer to rotational acceleration as a function of the X-Y position of the 
accelerometer housing relative to the AVT axis of rotation. The accelerometer must be mounted with the sensitive 
axis parallel to the table top surface (perpendicular to the AVT rotational axis) and be capable of being moved in the  
X-Y plane of the table top. The location that produces the minimum sensitivity identifies two package offsets of the 
ECM relative to the AVT axis of rotation (center of the table top). The third package offset is determined by rotating 
the accelerometer by 90° about its sensitive axis and repeating the null sensitivity procedure. The two offsets 
measured along the sensitive axis of the accelerometer should be identical for the two tests.  

 

ROTATIONAL VIBRATION TESTING OF HARD DRIVES 

Classic hard drives which store data on a rotating magnetic media are especially sensitive to rotational vibration (RV). 
Drive performance (access times and data error rates) may degrade by factors of two or more due to vibrations in 
mobile computers or from coupling between drives – this is unacceptable for enterprise class drives.  

Generally, linear vibrations can be managed by design and manufacturing optimization; however, RV is coupled into 
the spinning disc and into the head positioning mechanism. This places the burden on the drive developer to improve 
the disturbance rejection of the head position servo loop and to develop advanced algorithms to mitigate fluctuations 
in serial data rate during read and write procedures. Some manufactures are integrating inertial MEMS sensors in the 
drive to provide a measure of the angular vibration of the drive housing. 

The 105-AVT provides an ideal platform to test the sensitivity of a drive in a controlled RV environment. Vibration and 
shock can be tailored to reproduce realistic operating conditions with precise control of frequency spectrum and 
intensity of stimulation. It is possible to record RV in the target system and play back the signals to the AVT for high 
fidelity reproduction in the laboratory. 

Drive manufactures are concerned about the RV that is emitted and potentially coupled to other drives mounted in the 
same chassis – as in the case of a network server. The AVT can be used to answer the question: ‘How much reaction 
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torque is transferred to the supporting hardware?’ A drive mounted on the AVT with the spin axis coaxial to the table 
axis will produce angular accelerations during normal drive operation and the resulting motion is monitored by the 
embedded angular sensor in the AVT. This measurement can be made with the AVS deactivated and indirectly report 
the reaction torque which accelerates the total inertia of the drive, fixture and AVT table top. Alternatively, the reaction 
acceleration can be used as a feedback signal to close a (user)  loop through the torque command of the AVS. The 
loop suppresses the angular vibration by producing an AVS torque which directly cancels the reaction torque of the 
drive. 

 

ANGULAR POSITION PLATFORM 

The AVT can be used as an open loop position platform by producing an angular displacement proportional to a 
command signal – in this mode, the commanded torque is balanced by the rotational stiffness of the flex bearing. 
Because this mode of operation is open loop, the position stability, stiffness and repeatability are influenced by 
external factors; even so, the small displacement linearity, stability and repeatability are outstanding. 

The AVT can function as a precision position platform by incorporating a position sensor into the fixture or DUT. One 
scenario would be to use an optical null sensor to cage the position of the AVT platform; applying an adjustable bias 
to the closed loop controller provides programmatic fine adjustment of the position of the payload. Very high 
frequency bandwidth can be achieved - with an integral controller; positioning/tracking errors can be maintained at the 
sub arc-second level. 
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Figure 7: Closed loop position platform 

 

OTHER APPLICATIONS FOR THE 105-AVT 

 Angular Shock 

 RV Life Test 

 Random Noise - Custom PSD 

 Dual Frequency Sinusoid Excitation 

 Material Fatigue 

 

FIND OUT WHAT ACUTRONIC CAN DO FOR YOU. 
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Dino Smajlovic, IGTS Business Development Manager 
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(412) 926-1200 
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