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Introduction Back-to-back calibration using FFT analysis 
The back-to-back calibration tech- The advent of the dual-channel an- tio of their outputs. By feeding the 

nique is based on the principle illus- alyzer (with built-in broadband ran- output from the reference accelerome-
trated in Figure 1. An accelerometer, dom noise generator) enables relative- ter to the channel A input, and the 
the sensitivity of which is unknown, is ly fast frequency response and phase output from the unknown accelerome-
mounted in a back-to-back manner measurement, at 800 frequencies. ter to the channel B input, the un-
with a standard reference accelerome- Consequently, the sensitivities of two known sensitivity can be presented on 
ter, and the combination is mounted accelerometers can be compared by the analyzer's display screen as fre-
on a suitable vibration source. The in- using a Dual-Channel Signal Analyzer quency response and phase response 
put acceleration to each accelerometer Type 2032 or 2034 to measure the ra- functions. 
is identical; and consequently, the ra
tio of their sensitivities is simply the 
ratio of their outputs. Traditionally, 
the accelerometers are excited at a 
single frequency, and their outputs are 
measured (after suitable preamplifica-
tion) by using a high-quality electron- . 
ic voltmeter, the accuracy of which is 
known. This method produces good 
results. However, it produces a mea
sure of the sensitivity at a single fre
quency. Therefore, attaining a com
prehensive knowledge of an acceler-
ometer's characteristics can be rather 
time consuming. Fig. 1. Principle of the traditional back-to-back calibration technique. 
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A basic calibration system, centered 
around the Type 2032 or Type 2034, is 
presented in the opening figure. The 
system features the Vibration Exciter 
Type 4805 and Head Type 4815. This 
head is especially designed for calibra
tion work, and as such incorporates 
the Standard Reference Accelerome-
ter Type 8305. An automated calibra
tion system providing hard copy of 
each accelerometer's sensitivity can be 
formed by adding a computer and a 
plotter to the instrumentation. 
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Calibration by substitution 
In practice, it has proved advanta

geous, with regard to accuracy, to em
ploy the FFT-based back-to-back cali
bration method, using a self-correct
ing calibration by substitution 
technique. 

The calibration by substitution 
technique, which is based on the prin
ciple shown in Figure 2, involves mak
ing two measurements. The reference 
measurement, in which one reference 
accelerometer is calibrated against an
other, is stored before calibration of 
the unknown accelerometer is made. 
An accelerometer is used as a refer
ence, and remains fixed to the exciter 
head. The standard reference acceler
ometer and the accelerometer of un
known sensitivity are individually 
compared to the reference. The charge 
sensitivity of the unknown accelerom
eter is then calculated as follows: 

SJf) = Sr(f) x | ^ 

The ratio Hu(f)/Hr(f) can be found 
directly from the equalized frequency 
response function. This is a post-pro
cessing function of the analyzer, which 
calculates the complex ratio between 
the measured and stored frequency re
sponse functions. 

Advantages of using a 
random-noise based sys
tem 

Back-to-back calibration of acceler-
ometers, using FFT analysis for sensi-

Fig. 2. Principle of the back-to-back calibration method using the correction by substitution 
method. 

tivity comparison, is especially suit- curate calibration results are attain-
able for making frequency response able. 
checks against a standard reference 
accelerometer. If the Calibration Ex
citer Type 4290 is used, then acceler
ometer frequency responses up to C o n c l u s i o n s 
26 kHz can be checked. 

, . The Dual-Channel Signal Analyzers 
The accuracy of the presented FFT- Type 2032 and 2034 offer an alterna-

calibration technique, using the sub- tive approach to accelerometer cali-
stitution method, is comparable to the bration. By using broadband random 
accuracy attained by dedicated com- n o iSe excitation with the FFT calibra-
parison systems. The calibration by tion technique, accelerometers can be 
substitution method produces results easily calibrated at 800 frequencies, 
having uncertainties in the order of with an accuracy comparable to tradi-
1% with 99% confidence limits, for tional methods. This provides the op-
low to medium frequency measure- portunity for fast frequency response 
ments. checking against a reference acceler

ometer, particularly when the analyzer 
If your calibration standard requires is used in a computer based system. . 

the use of sine excitation, then the sine 
generator of the Type 2032 or Type 
2034 can be used to make a point by 
point calibration. By making the cali
bration at frequencies corresponding 
to the actual analysis lines, and by 
using rectangular weighting, very ac-


