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The appearance of fracture surface (e.g.
fracture of the axis in Fig. 2) is typical of a fatigue
damage. Initial crack propagates from the peak of
transverse section into the interior, which is clear
also from a relatively smooth fracture surface
(permanent fracture). After a certain number of
loading cycles N when the crack length becomes
critical, the remaining transverse section breaks
instantaneously (instant fracture).
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Fig. 1. Schematic presentation of damage formation in relation to a machine part [3]

Fig. 2. Appearance of fatigue fracture surface of an axis [4] and a gear tooth
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Wigner-Ville distribution of time-frequency
density of adaptive Gauss functions is expressed
as:

(15).

The function of time-frequency density of
the adaptive Gauss function forms an ellipse with
the centre at (T

p
, Ω

p
). The energy concentration of

Gauss functions is an optimum one. By means of
Gauss functions of various variances and of a
different time-frequency centre, the local behaviour
of each analysed signal x(t) is characterised by the
Gauss function. If the signal features rapid time
change, the Gauss function with a small variance
value suitable for the sudden change has to be
applied. If stable frequency over a longer period
of time is typical of the signal, the Gauss function
with greater variance value is to be used.

By entering (14) into (2), the following
equation is acquired:

(16).

This is adaptive Gabor transform, which
resembles an ordinary Gabor transform.

The adaptive transform has the same
functions of analysis and synthesis, which makes it
different from the Gabor transform. When the
optimum function of synthesis h

p
(t) is achieved, it

is possible to calculate adaptable coefficients B
p
, on

the basis of ordinary operation of internal product:

(17),

which guarantees that local signal behaviour is
really expressed by B

p
.

By entering (15) into (12), a Gauss adaptive
spectrogram, which is based on the function, the
following equation is produced:

(18).
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Fig. 11. Average frequency specter of the spectrogram of vibrations produced by the faultless couple of
gears with ground surface teeth: a) Gabor and b) adaptive
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Table 1. Amplitudes and frequencies of the pulsation of harmonics in relation to the average Gabor
spectrogam of vibrations of the faultless couple of gears with ground surface teeth
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'� �'&)%��)� "%'#"� &%""&�   %"  � !%""!�

#� !"!!%!$(� "%&& �   %"  � �%""�� $%""$�

(� !) �%&#!� "% �$� $%""$�   %"  �  %"" �

$� !#$ %#)(� "%"&!� �"%"� �   %"  � $%""$�

 "� ) #"%$�!� "%"" �  &�% &(� &)%"&'�  "!% "#�

  � )&&"%"$(� "%"" �  ! % !'�  �(% !!�  !�% !#�

 �� )$�$%�#�� "%"" � #%""#� �"%"� � '%""'�

 !� &!"(%))#� "%""#�   %"  � �"%"� � �%""��

 )� &'(#%'��� "%""$�   %"  � �"%"� � ��%"�!�

 &� '"''%#$#� "%"" � �&%"�'�  &)% '"�  �$% !)�

Table 2. Amplitudes and frequencies of the pulsation of harmonics in relation to the average adaptive
spectrogram of vibrations of the faultless couple of gears with ground surface teeth
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Fig. 12. Time presentation of the 3rd harmonic (1516.7 Hz) of the spectrogram of vibrations of the
faultless couple of gears with ground surface: a) Gabor and b) adaptive

Fig. 13. Average frequency spectrogram of vibrations of a couple of gears with a crack:
a) Gabor and b) adaptive
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Table 4. Amplitudes and frequencies of the pulsation of harmonics of an average adaptive spectrogram of
the vibrations produced by a couple of gears with a crack
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Table 3. Amplitudes and frequencies of the pulsation of harmonics of an average Gabor spectrogram of the
vibrations produced by a couple of gears with a crack
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