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Fault diagnosis of rotary machines plays an essential role in reliability and safety of new industrial systems.
Gears are considered as a vital part of the components of industrial machines, so that the defects of these
components cause irreparable damages in industrial processes. Nowadays, many research workers conduct
studies on the diagnosis of gear faults using data analysis. In this research, to acquire acoustic data from a
sample gearbox, a system was fabricated and developed. Then, some common faults in the gearbox teeth were
created artificially. In this research, cepstrum analysis method was used in order to detect the harmonics of
gear mesh frequency and the family of sidebands created. In the primary investigation, the harmonics related
to the gearbox shaft were identified with the cepstrum analysis method in the interval of 0 to 0.25 seconds.
Then, in order to detect the faults of the gear, by analyzing in the interval of 0 to 0.0002 seconds, the faults
related to the tooth were clearly visible and tracked. According to this research results by observing increase
in amplitude of the first and fifth rahmonics, it is possible to detect faults such as broken and worn teeth of
gears. The obtained results show the effectiveness of the presented method to diagnose the fault in the gearbox
and prevent unexpected costs.
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Fig. 1 Schematics view of the gearbox:1-Gearbox Case, 2-Shaft, 3-
Gear, 4-Key, 5-Ball bearing, 6-Ball bearing housing
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Fig. 2 Components of the fabricated system: 1-Sound level meter, 2-
Laptop computer, 3-Inverters, 4-Electromotor acoustic chambers, 5-
Gearbox, 6-Chassis
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Fig. 4 A-Gear with a fractured tooth, B-Gear with a fractured and a
worn tooth, C-Gear with a worn tooth

S b oo,z —o oad annSs ailais S b owiog i —all Bl
odgle ailais S L odiog 2 —z g ool oaudle ailiie S g alSs ailwis

[ RW)

Lol odls ‘al:u‘ )5;9.,09].&” 590 A O odl ral:;u‘ U’“"'L“)]

oo 3 sl olfiws o aliwgay H5igeg xSl 590 (e
B )5 Hulf B L acinn 450 .ol 0uls (g5 ojlasl AYe -
b bwgie )15 590 aids p 590 VFAZ Jolao 5 5500l 552
aBB3 p 93 V00 Jolee g 5yl 5,8 TO )5 W55
ozl 52 V0 )5 82 L aneS )5
sebie 4wl adds p 90 YRR Jolee a5 0l Jel>
sosls oilay s o Jliol glhs 59, 5l 5ol
S b ke slacdls )l saslcwssa sl i« Sge

9% 9 o

45 (0Cled JL..A 6‘)-.’) KWW 6)|.:\fral.i S8 & pastie dwlids
o o..\.oT IN ‘)iu B

ol o

ARE8  ed VFAF g bge Y bae

L adis =+
nJ__ 1 3 \.g..A_j,LJ._u‘.
[ECVEPYAY ;_'J;q- 350 VER g gy W ase

= _ua ._._.w_u ¥

"-_u.: ¥ \.A.J.A.l i

0CLed {

|- =
’-\ﬂ_\JQ.'LlJ;.J'A }""'_'E
: T
el el ] g wlcas f
sddatilaglusl sty 7,2 B
asaSidlnlan s C

it o #- -
|.:“:J ‘_t_S.}..:.‘LJi ‘_,\._{.\.4 D

Fig. 5 Sound data coding
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Fig. 3 The position of sound level meter in relation to the gearbox for
data acquisition
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Fig. 6 Time domain data at pinion speed of 1496 RPM
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Fig. 12 Fault diagnosis of a fractured tooth, increasing the first
rahmonic amplitude
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Fig. 11 Data related to fractured tooth at 749 RPM pinion speed
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Fig. 13 Fault diagnosis of a worn tooth, increasing the fifth rahmonic
amplitude
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Fig. 14 Fault diagnosis of the fractured tooth and worn tooth,
increasing the amplitude of the first and fifth rahmonics
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