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INTRODUCTION 

Research at many laboratories is aimed at obtaining 
solutions to unique measurement problems through 
improvements in frequency response of piezoelectric 
(PE), piezoresistive (PR), and variable capacitance (VC) 
accelerometers. The success of this research effort 
depends on the availability of calibration systems for 
these different types of transducers that can measure 
accelerations in low (less than 5 Hz) and high (greater 
than 10 kHz) frequency environments. To ensure 
minimum measurement uncertainty when calibrating 
accelerometers across an expanded frequeiy:y band, the 
fundamental issue to be kept in mind is that; an acceler
ometer calibration system is exactly that, a system 
consisting of electrical and mechanical components. 
No matter how well the individual components are 
designed, the measurement uncertainty of the system 
depends on how well the mechanical and electrical 
components of the system are integrated. The mea
surement technique selected should take into account 
the sources of uncertainty as all the system components, 
and their human user, interact with each other. 

This paper presents the key issues that must be addressed 
in building a high-quality comparison calibration sys
tem that can calibrate accelerometers of many types, as 
well as velocity coils from 1 Hz to 50 kHz. Methods of 
minimizing systematic uncertainty, including automa
tion and internal self-calibration of the measurement 
system, are examined in this paper. 

HISTORY 

Point-to-point vibration calibrations are performed at 

frequencies from 1 Hz up to 25 kHz at the United States 
National Institute for Standards and Technology (NIST, 
formerly known as the NBS) and at other primary 
standards laboratories. Transducer sensitivity is cal
culated from measurements of the amplitude and fre
quency of vibration and transducer output. Typically, 
the amplitude of the vibration at these frequencies is 
measured using fundamental measurement techniques 
such as interferometry and/or reciprocity. The sensitiv
ity is applicable only at the specific frequencies where 
the calibration is performed. In order to ensure that 
there are no minor resonances over the frequency range, 
calibrations must be performed at many frequencies. 
The frequency response results of high-quality refer
ence accelerometers are expected to agree, within mea
surement uncertainty, with theory for a transducer spring
mass system performance with a zero damping ratio and 
no minor resonant frequencies. 

This method is very time-consuming and costly, and 
therefore is normally used only to establish the calibration 
of reference standard accelerometers at NIST and other 
primary standard laboratories. 

Comparison calibrations are also performed at various 
laboratories at frequencies from 1 Hz to at least 50 kHz. 
The frequency may be continuously swept with an 
analog system, or single frequency calibrations may be 
performed. With the use of computer-controlled digital 
calibration systems, many calibrations may be per
formed at many different frequencies in a short period 
of time. This allows comparison calibrations to be 
routinely performed from 1 Hz up to 50 kHz on each 
transducer. 
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