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ABSTRACT 
 

This paper describes ongoing efforts to provide high quality calibration of accelerometers by NIST for 
military and civilian labs. Traditionally the approach is the calibration of reference accelerometers by NIST 
for labs requiring calibrations with the lowest possible uncertainty. The NIST calibrated accelerometers are 
then used to calibrate accelerometers in the various labs by comparison with the NIST calibrated reference. 
This paper describes another approach by equipping the Air Force primary metrology lab, Heath, OH with a 
NIST designed calibration system for accelerometers. The system uses optical methods with a laser 
interferometer to obtain calibrations by primary methods based on ISO standards. The object of this project is 
to equip the AF lab with a user friendly system of the same type used at NIST and thereby make possible 
inter-comparisons of reference accelerometers between the two labs. Having an in-house primary facility, 
may reduce the number of calibrations needed to be performed by NIST each year for the AF lab. This paper 
describes the systems in place at NIST and AFMETCAL as well as data showing results of inter-comparison 
of accelerometers at the two labs. 

 
INTRODUCTION 

 
A new shaker system was designed to allow direct primary calibration of accelerometers using both reciprocity and 
interferometer techniques over the frequency range 40 Hz to 10,000 Hz. The system uses dual magnets and a dual-
coil moving element. The design uses damped flexures to support the moving element. The dual-coil feature 
eliminates the need for an additional shaker for reciprocity calibrations. To accommodate improved comparison 
calibrations, the moving element is compact in design and is equipped with axially-oriented mounting tables at each 
end. Provision of easy laser interferometer beam access to both ends of the moving element allows interferometric 
accelerometer calibrations. 
 
In order to maximize the potential for design optimization, two Super Shaker systems were built: Super Shaker I 
located at the Air Force Metrology Laboratory (AFMETCAL) Heath, OH, and Super Shaker II located at NIST. The 
design also allows comparison calibrations to be performed over this same frequency range. This report gives 
performance data for both shakers, with the AFMETCAL shaker referred to in this report as SS1, and the NIST 
shaker as SS2. The SS2 shaker was the second shaker constructed and incorporates minor changes from the original 
design. The principal change was a more flexible flexure system for the moving element support.  
 
 

DESIGN CRITERIA 
 

Primary calibration methods for accelerometers (reciprocity and laser interferometry) require high purity of the 
displacement signal wave form. This is especially true for reciprocity calibrations. For reciprocity measurements, the 
procedure does not take into account the fact that the accelerometer is measuring motion in only one direction, but 
rather the calculations involve measurement of current differences in the drive coil. Therefore, even a small amount 
of distortion and cross-axis motion adversely affect the reciprocity calibration. A general rule is that cross-axis 
motion should be less than 5% and harmonic distortion less than 2% in order to perform reciprocity calibrations at 1 
to 2% uncertainty. For laser interferometer fringe-counting calibration, only the on-axis displacement amplitude is 
measured. Provided that the laser beam/interferometer is properly aligned, the cross-axis motion of the shaker is not 
as significant in a fringe-counting calibration as in the reciprocity calibration. In designing the Super Shaker [1,2], 
care was taken to minimize both harmonic distortion and cross-axis motion. Minimization of the latter was 
especially important to our goal of improving reciprocity calibrations. Among the critical factors considered were: 
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1. Magnet dimensions, especially the air gap size, roundness, symmetry, and finish. 
 
2. Moving element dimensions, including diameter, symmetry, and roundness. 
 
3. Position and repeatability of position of the moving element in the magnetic gap assembly. 
 
4. Symmetry of coil windings and uniformity of coil wire. 
 
5. Suspension system for the moving element in the magnetic gap assembly. 
 
6. Isolation of critical parts of the shaker to prevent cross coupling of various vibrating parts of the assembly. 

 
The dimensional tolerances for all Super Shaker assemblies were specified to be no greater than 30 μm (0.001 inch). 
 

 
DESCRIPTION OF THE SHAKER ASSEMBLY 

 
The Super Shaker, shown in Fig. 1, is 0.64 m (25 in) wide, 1.22 m (48 in) long, by about 0.5 m (20 in) high. It is 
mounted on soft rubber pads on a heavy flat table, pneumatically isolated from ground vibration. 
 
The frame consists of three supporting pedestals, one at each end and one in the middle, and four large diameter 
shafts running end to end, two clamped near the bottom of the three pedestals, and two clamped near the top of the 
pedestals. Two magnet assemblies, equipped with air bearings, are supported by the two horizontal rods which are 
the upper shafts of the frame assembly. The air bearings allow each magnet assembly to be moved away from the 
moving element to provide the access needed for attachment of accelerometers or masses. The operating axis is 
parallel to the upper shafts and centered in the plane bisecting them. 
 
A common cause of calibration inaccuracy is interference from frame resonances. The interferences are resisted by 
internal dampers inside the three pedestals and by damping inside the four shafts. The pedestals and shafts are also 
filled with sand to further dampen any vibration in the frame. These interferences are further resisted by the large 
magnet mass, and small resulting motion, as compared to the moving element mass. The small magnet motions are 
isolated from the frame by rubber pads. 
 

Figure 1a. SS2 at NIST 



 
 
 
 

 
 
 
 
A carriage on the middle pedestal supports the moving element, centered on the operating axis. The moving element 
is symmetrical, with coils on each end. 

Figure 1b. SS1 with instrumentation and optical components of laser 
interferometer at AFMETCAL, Heath, OH 

Figure 1c. SS1 mounted on isolation table at AFMETCAL, Heath, OH 



Machined from a solid aluminum block, the moving element, shown in Fig. 2, is symmetrically shaped with respect 
to a bisecting plane perpendicular to the operating axis. The moving element, supported by damped flexures 
attached to the pedestal in the middle, carries the accelerometer to be calibrated. 
 

 
 
 
Placement of the specimen (accelerometer) mounting tables at the ends of deep central cavities of the moving 
element allows specimens to be mounted close to the bisecting plane and inside the envelopes of the coils located at 
each end. The outer structure between the two coils is enlarged to provide axial stiffness for high frequency 
operation. The shaker is equipped with removable mounting tables (or cones), made from beryllium with a nickel 
coating to prevent scratching, Fig. 3a. The cones have threaded steel inserts for mounting accelerometers. The 
beryllium mounting cones extend the frequency range of the shaker to 10,000 Hz. Special wrenches were designed 
to enable easy removal or attachment of the cones to the moving element, Fig. 3b and 3c. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 2. Moving element of SS1 

Figure 3a. Nickel-coated beryllium 
mounting tables for the moving element, 
shown with titanium threaded inserts 

Figure 3b. Wrench for attaching and removing 
mounting tables, shown with table on wrench 



 
 
 

 
Figure 3c. Wrenches for attaching and removing mounting tables, 
shown with tables attached to the wrenches 

 
 

MOVEABLE MAGNET ASSEMBLIES 
 
 

The magnet assembly is shown in Fig. 4. Each magnet assembly has two major parts: the outer permanent magnet 
and an inner air gap assembly. The mass of the permanent magnets, 68kg, has been maximized within practical 
constraints in order to minimize the motion of the magnet assembly relative to the moving element, 225g.  This 
reduces interference to the rectilinear motion of the moving element. Residual magnet motions are isolated from the 
frame by rubber pads. 
 
 

 
Figure 4. Inner gap assembly (left) and complete magnet assembly (right) 



 
 
Each air gap assembly is equipped with inner and outer copper shading sleeves, a large axial port for the 
accelerometer cable, and four small ports for interferometer beam access. Each assembly is also equipped with 
additional ports for air cooling as needed. The air gap assemblies are de-mountable to facilitate installation of new 
assemblies of different air gap sizes, should future applications require moving elements of different size. Magnetic 
keepers are provided to allow this to be done without demagnetizing the permanent magnets. 
 

 
MOVING ELEMENT AND CARRIAGE DESCRIPTION 

 
The moving element and carriage assembly are shown in Fig. 5, attached to the middle pedestal of the shaker. The 
length of the assembly is 101.6 mm (4 in) and the diameter is 63.5 mm (2.5 in). The structure is aluminum and the 
mounting tables are of beryllium as described above, and are 25.4 mm (one inch) in diameter. The first axial 
resonance is approximately 22 kHz. The diameter of the mounting table is adequate to allow the laser beam the 
access required for multiple-reflection interferometer calibrations.  
 
 

 
 
 
 
 
To maximize versatility, the four laser beam ports provided in each air gap assembly for this purpose are positioned 
at 90 degree intervals. The carriage of the Super Shaker supports the moving element on four damped beryllium 
copper flexures. These flexures establish the rest position of the moving element, guide its motion along the system 
axis, and resist motions perpendicular to the system axis. 
 

 
SHAKER OPERATION 

 
The vibratory drive force for the moving element is generated by an alternating current in one or both of the drive 
coils in the air gap magnetic fields. For reciprocity calibrations, only one moving element coil is driven. For 
interferometric or comparison calibrations, either or both of the coils may be driven. Both coils are driven when 
large displacements and accelerations are desired. 
 

Left-side table located inside cylinder 
here. Accelerometer cable is visible. 

Right-side table located 
inside cylinder here. 

Figure 5. Moving element and carriage assembly, shown with accelerometer attached 



Harmonic Distortion, SS1 and SS2
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A low-distortion power amplifier amplifies a signal from an external signal source to provide the alternating current. 
As necessary, power amplifier heating is reduced by connecting high-power resistors in series with the amplifier 
output. The use of these resistors is important for high frequency interferometric operation and critical for pulse 
operation. The current applied to the drive coil(s) must have low levels of harmonic distortion in order to minimize 
interference caused by excitation of high frequency (typically above 20 kHz) resonances of the accelerometer or 
moving element. 
 
 

SHAKER PERFORMANCE TESTS 
 

Extensive performance tests were conducted on shakers SS1 and SS2. These tests examined harmonic distortion, 
cross-axis motion, relative motion between the two mounting surfaces of the moving element, unwanted movement 
of the optics relative to the shaker, and random effects on repeated measurements (repeatability).  The first three of 
these factors were observed to have a significant influence on the uncertainty of calibrations performed on this 
system. Tests and results for these factors are detailed below. 
 
A Fast Fourier Transform (FFT) signal analyzer was used to measure the harmonic distortion components of an 
accelerometer mounted on the shaker. The tests were run at approximately 20 m/s2 (2 gn

1) and the maximum 
harmonic component at each frequency is shown in Fig. 6. Harmonic distortion can be minimized by careful design 
of the moving element and magnet structure, as described in the Design Criteria section above. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
The cross-axis motion was measured with a small tri-axial accelerometer having a mass of 5 grams. The cross-axis 
data is plotted in Fig. 7. These data should be considered as an approximate indication of the true cross-axis motion 
since calibration masses could not be attached to the table at the same time the lightweight accelerometer was 
attached. 
 
 

                                                 
1 gn = 9.80665 m/s2  

Figure 6. Total harmonic distortion for SS1 and SS2 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Relative motion between the two mounting tables was measured by placing a polished 20 gram tungsten dummy 
mass on the mounting table where the test accelerometer is normally mounted. A single point laser vibrometer was 
used to measure the displacement at three positions on the mass, approximately 120 degrees apart. The average 
displacement taken at the three positions was then compared to the displacement as measured by the quadrature laser 
interferometer on the other mounting table which has a small mirror attached in the axial center. The differences (%) 
in the measured displacement of the two mounting tables are shown graphically in Fig. 8. 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 

Super Shakers 1 and 2 Cross Axis Motion

0
10
20
30
40
50
60
70
80
90

100

10 100 1000 10000

Frequency, Hz

C
ro

ss
 A

xi
s 

M
ot

io
n,

 % SS1
SS2

Figure 7. Cross axis motion for SS1 and SS2 

Figure 8. Relative motion between the two mounting tables of the shaker

Relative Motion of SS1 and SS2
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CALIBRATION BY RECIPROCITY 
 
Reciprocity calibration of accelerometers has been in use at NIST for many years as a primary method for 
calibration. It is distinct in that it does not rely on optical instrumentation. It is not based on the wavelength of light, 
but upon mass for its primary reference. For reciprocity calibrations, a series of five small tungsten carbide precision 
masses are attached one at a time to the right mounting table, with the accelerometer to be calibrated on the left 
mounting table (see figure 5). The calibration is briefly describe below, and in more detail in the references listed at 
the end of this paper [3], [4], and [5].   
 
Since the current in the driver coil is one of the measured quantities, it is necessary to keep the mean position of the 
moving element constant relative to the magnet. The Super Shaker’s moving element operates in a horizontal 
orientation (figure 5). This avoids the problem encountered in vertical oriented shakers of repositioning the driver 
coil to the exact same position in the magnetic field when different masses are attached. The flexures of the Super 
Shaker tend to keep the moving element in approximately the same position relative to the magnet, regardless of the 
value of the mass attached. Better repositioning of the moving element between mass changes is obtained by 
delaying the next measurement by a few minutes, to allow the flexures to reposition.  
 
For reciprocity calibration, the test accelerometer is mounted on the left, as shown in Fig. 5; the mirror is removed 
from the right, and the right mounting table is used for attaching the calibration masses.  At sufficiently low 
frequencies the magnitude of the accelerometer sensitivity (S) may be approximated [3-5] by: 
  
     S = [(JR )/( 2π f )]1/2 ,             (1)                                                      
 
where: 
 
parameter J equals the zero intercept of a linear fit of m/(Ym-Y0) vs. m, where Ym and Y0 are the measured transfer 
admittance with and without the calibration mass, m. 
 
The transfer admittance is calculated by dividing the current of the driver coil by the output voltage of the 
accelerometer while the shaker is energized by the left coil. In a separate measurement, R is the voltage ratio of the 
output voltage of the accelerometer to the output voltage across the left coil when used as a velocity sensor while the 
shaker is energized by the right coil. For the voltage ratio measurements no calibration mass is attached to the right 
table. The test frequency is represented by f. 
 
It is critical that the coil of the reciprocal transducer remain in the same static position in the magnetic gap so that 
the magnetic field to which the coil is exposed will not vary as a function of mass loading.  This position must 
remain stable so that changes in coil current for different masses can be measured accurately.  Temperature should 
remain constant so that the physical dimensions of the shaker, the transduction characteristics of the reciprocal 
transducer, and the resistance used for current measurements will remain constant.  For greater stability, the coil is 
driven at about 20 m/s2 (2 gn) and allowed to remain energized throughout the measurements for all five masses.  
This results in measured voltages of typically 5 mV to 500 mV.  The two digital voltmeters are placed close to the 
moving element so that the connecting cables can be kept short to reduce electrical noise.  A thermocouple was 
attached to the accelerometer and the temperature was stabilized to about ±0.2oC. 
 
Figure 9 shows data for reciprocity and fringe-counting calibrations on a single-ended accelerometer at 100 Hz on 
shaker SS1.  
 
The estimated combined expanded uncertainty associated with the calibration results obtained by reciprocity at 100 
Hz is 0.26 % based on the current implementation of the measurement apparatus.  This combined expanded 
uncertainty was calculated in accordance with methodologies described in the Guide to the Expression of 
Uncertainty in Measurement [6] using Type A and Type B evaluations of uncertainty components, including those 
contained in ISO documents on the calibration of vibration and shock transducers [7]. Using a coverage factor of 2, 
the estimated expanded relative uncertainty, U, at 100 Hz is: 0.5 %. 
 



For a set of ten calibrations by each method, the maximum difference between any two data points of either of the 
two methods was never more than 0.3 %, and the averages of the results obtained with the two methods agree within 
0.04 %. 
 

 
 

 
 
 
 

CALIBRATION BY LASER FRINGE-COUNTING INTERFEROMETRY  
 

A flat mirror is mounted on the table located on the right side of the moving element opposite the table upon which 
the accelerometer is mounted (Fig.10).  The shaker design allows optical access to the shaker mounting tables 
through a center hole in the magnet (figure 4).  The acceleration, in meters per second squared, is given by 
 

A =  λνπ2f 2 / 2 ,                     ( 2 ) 
 
 
 
Where λ is the wavelength of He-Ne laser light in meters, ν  is the number of fringe counts per vibration cycle, and f 
is frequency in hertz [2,8].  To provide additional displacement, both the right and left coils can be driven in a push-
pull configuration. 
 
In addition to distortion and cross-axis motion which are critical to reciprocity calibrations, the critical elements of 
interferometer operation also include interferometer alignment and mechanical coupling between the shaker and the 
interferometer components.  The shaker system was designed to minimize this coupling.  The mass of the moving 
element (approximately 225 g) is very small compared to the mass of the magnet (approximately 68 kg) in order to 
minimize magnet movement.  The shaker system is installed on an air isolation table to minimize the effects of floor 
movements. The magnets are moved into place on air-bearing guides, and during operation the magnets are locked 
into place by turning off the air to the bearings. The fringe counting method is used for calibrations in the frequency 
range of 40 Hz to 1 kHz on shakers SS1 and SS2. 
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Figure 9. Data for reciprocity and fringe-counting calibrations on a single- ended accelerometer 
at 100 Hz 



 

 
 

Figure 10. Schematic for fringe-counting interferometer setup on the Super Shaker 
 
 
 

 
CALIBRATION BY MINIMUM-POINT METHOD LASER INTERFEROMETRY 

  
The minimum-point method is based on the determination of displacement corresponding to the zero crossings of 
the Bessel function of the first kind and first order, J1.  This method utilizes the same setup as shown in Fig. 10 for 
calibrations performed in the frequency range of 1 kHz to 5 kHz.  In order to reject spectral components present in 
the output of the photo-detector except that corresponding to the fundamental frequency of vibration, the output of 
the photo-detector is filtered using a narrow band-pass filter centered at the fundamental frequency of vibration.  
The amplitude of vibration is then adjusted until the null corresponding to the desired zero crossing of J1 is obtained.  
Peak displacement amplitudes of the first six zero crossings of J1 for a He-Ne laser (λ=632.8 nm) are listed in Table 
1.  For minimum-point calibrations, at each tested frequency the number of the zero crossing was selected to obtain 
displacements corresponding to accelerations of approximately 50 m/s2 or greater. 
 

Table 1.  Peak Displacement Amplitudes for the First Six Zero Crossings 
 

Zero Crossing No. Displacement (nm) 
0 0.00 
1 192.95 
2 353.29 
3 512.31 
4 670.95 
5 829.42 

 
Once the displacement, d, is determined, the acceleration is calculated using the following equation: 
 

A=(2πf)2 d.         (3) 
 

The sensitivity of the accelerometer is then obtained by dividing the accelerometer output voltage by the 
acceleration, A. 
 
Calibration data using fringe-counting and minimum-point methods for a single-ended accelerometer is shown in 
Fig. 11.   
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The estimated combined uncertainty associated with the calibration results obtained by minimum-point 
interferometry at 1 kHz is 0.22 % based on the current implementation of the measurement apparatus.  This 
combined  uncertainty was calculated in accordance with methodologies described in the Guide to the Expression of 
Uncertainty in Measurement [6] using Type A and Type B evaluations of uncertainty components, including those 
contained in ISO documents [7] on the calibration of vibration and shock transducers. Using a coverage factor of 2, 
the estimated expanded relative uncertainty, U, for the minimum-point method at 1 kHz is: 0.5 %, and the estimated 
expanded relative uncertainty, U, at 100 Hz is: 0.3 % using fringe-counting. Data for the two calibration methods at 
the overlapping frequency of 1 kHz agree to within less than 0.1 %. 
 
 

CALIBRATION BY SINE-APPROXIMATION METHOD USING QUADRATURE LASER 
INTERFEROMETRY 

 
A piezo-electric shaker, as illustrated in figure 12, with a single mounting table and a driving element on the 
opposite end is typically used for accelerometer calibrations. The accelerometer is mounted at the center of the 
shaker table and mirrors are mounted around the perimeter of the accelerometer. 
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Figure 11. Calibration data for a single-ended accelerometer using fringe-counting and 
minimum-point methods 

Figure 12. Conventional three- mirror 
method for calibration using a single 
coil or piezo-electric shaker for 
interferometric calibration 



Figure 13. Setup using quadrature laser interferometer for sine-approximation, 
minimum-point, and fringe-counting methods 

 
 
Displacement must be measured at three or more positions and then averaged to get a good representation of the 
displacement of the plane on which the accelerometer is mounted.   
 
Another approach is shown in Fig. 13 using the dual-coil Super Shaker. Here the accelerometer is mounted on the 
table opposite the reflecting mirror. Using reflection from the center of the mirror will enable accurate measurement 
of the displacement of the accelerometer using only the center position of the moving mirror provided the relative 
motion between the surfaces of the two tables is small. Tests conducted at NIST have shown that significant relative 
motion is experienced between tables fabricated from stainless steel or aluminum for frequencies higher than 5 kHz. 
Using a mounting table fabricated from beryllium with nickel plating provides for much smaller relative motion 
between the tables, and permits calibration of accelerometers up to 10,000 Hz using only one measuring point at the 
center of the mirror.   
 
 

 
 
 
   
 
Using the setup shown in Fig. 13, calibration data can be obtained using the dual-coil shaker, for frequencies up to 1 
kHz using fringe-counting, and up to 5 kHz using the minimum-point method by monitoring the output from either 
detector 1 or detector 2. These methods and procedures are documented in other NIST publications [9] and in ISO 
16063 - Part 11 [7]. In order to calibrate at frequencies higher than 5 kHz, the sine-approximation method is used. 
This method is useful at higher frequencies where calibrations at smaller displacements must be made due to 
amplitude limitations in electro-dynamic shakers. The current implementation of the NIST dual-coil shaker limits 
the acceleration to approximately 200 m/s2. In actual practice the sine-approximation method gives good results over 
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a wide frequency range, 100 Hz to 10,000 Hz. It is also much less demanding on the shaker, since it can operate at 
lower accelerations than the minimum-point method for higher frequencies. Typically, the sine-approximation 
method is used at NIST for calibration of accelerometers at accelerations of 200 m/s2 to 500 m/s2 from 100 Hz to 10 
kHz, and fringe-counting is used for frequencies of 100 Hz and below. This range of acceleration is used to 
minimize the heating effects on the shaker. The minimum-point method can be used as check on the other methods, 
but is not usually used at NIST on a daily basis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Calibration data using fringe-counting and sine-approximation methods for a single-ended accelerometer on SS2 is 
shown in Fig. 14. This calibration uses a single point measurement, and thereby requires minimal adjustment to the 
interferometer. Data using fringe-disappearance on a piezo-electric shaker is also shown in Fig. 14. This data 
requires measurements at three positions on the shaker and thus requires realignment for each position.  
 
The combined relative uncertainties for both the fringe-counting and sine-approximation methods were calculated in 
accordance with methodologies described in the Guide to the Expression of Uncertainty in Measurement [6] using 
Type A and Type B evaluations of uncertainty components, including those contained in ISO documents [7] on the 
calibration of vibration and shock transducers. For the fringe-counting method, using a coverage factor of 2, the 
estimated expanded uncertainty, U, at 100 Hz is 0.5 %.  For the sine-approximation method, again using a coverage 
factor of 2, the estimated expanded relative uncertainty, U, at 1 kHz is 0.5 %, at 5 kHz is 0.75 %, and at 10 kHz is 
1% for the NIST Super Shaker. 
 
 
 

SUMMARY OF UNCERTAINTIES  
 

The overall uncertainties of the two shakers were calculated as stated above using the ISO 16063-11 standard [7]. 
Figure 15 gives the results of these calculations for the fringe-counting, minimum-point, and sine-approximation 
methods. The estimated expanded uncertainties, U, for frequencies 40 Hz to 100 Hz were found to be less than 0.5 
% using fringe-counting. These results are published in BIPM/CIPM key comparison CCAUV.V-K1 (Vibration), 
2001 [10] for SS1.   
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PERFORMANCE 

 
The two shakers SS1 (AFMETCAL) and SS2 (NIST) were used to calibrate a single-ended accelerometer. The 
results, given in Fig. 16, show good agreement between the two systems and are within the uncertainty estimates. 
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SUMMARY 
 
A dual-coil electrodynamic shaker has been developed for improved accelerometer calibration by both reciprocity 
and interferometric methods. The shaker uses a uniquely designed aluminum moving element with two mounting 
tables and a damped flexure support system for the moving element. The shaker has very low harmonic distortion 
and low cross motion over most of the operating range. Test results show that the shaker has a useful range of 30 Hz 
to 10 kHz for primary calibrations. 
 
The shaker can utilize all four primary methods for accelerometer calibrations: reciprocity, fringe-counting, 
minimum-point, and sine-approximation. Reciprocity calibration is limited to frequencies of 1 kHz or less, because 
of inductive interaction between the two coils, unless special procedures are used to cancel these effects. Fringe-
counting is used from 30 Hz to 1 kHz. The minimum-point method is used from about 100 Hz to 5 kHz. The upper 
limit is set by the upper acceleration limit of the shaker, which is about 200 m/s2 at the higher frequencies. Sine-
approximation is used from 100 Hz to 10 kHz.  
 
Calibrations on NIST shaker SS2 have estimated uncertainties of 0.5 % to 1.0 % over the frequency range 30 Hz to 
10 kHz. SS1 (AFMETCAL) can obtain calibrations with estimated uncertainties of 0.5% to 2.4% over the frequency 
range of 30 Hz to 10 kHz.  SS2 at NIST uses softer flexures for the moving element, which may provide smaller 
relative motion between the two mounting tables. However the specific cause of the difference in uncertainties is not 
presently known. 
 
The Super shaker project was partially funded by the United States Air Force (USAF) through the Department of 
Defense Calibration Coordination Group (CCG).  For over forty years the CCG and NIST have had a working 
relationship for providing the military services with required measurement standards and expertise.  For example, in 
the 1980s through CCG, the USAF AFMETCAL program worked with NIST in developing both a high and a low 
frequency absolute vibration calibration system.   The more recent Super Shaker CCG project covers and expands 
the middle frequency band of absolute vibration calibration. 
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