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ABSTRACT

Gears are critical in mechanical systems, but wear-induced vibrations pose challenges. It is

difficult to experimentally verify gear wear through vibrations. This study proposes a method to

simulate wear by manipulating the backlash size and enabling the analysis of vibration changes.

Gears with varying backlash sizes, resembling worn gears, facilitate the effective analysis of vibration

signals. Collected vibration data is used with Al models to predict the gear wear degree. A

deep learning model classifies backlash amounts, whereas a regression model predicts specific

backlash sizes. Accurate classification and prediction enhance gear wear monitoring. This data-

driven approach and Al techniques contribute to gear wear analysis, improving the monitoring

accuracy.
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Fig. 4 Vibration comparison by backlash(400 r/min)
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Fig. 3 Experimental set-up
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Table 2 Maximum vibration point for backlash

———1% Powder Brake
o e—

Backlash | Maximum vibration [m/s*]/ ibrI:t‘i/c?rl;a}[gren/sz]
[mm)] Frequency [Hz] Y
(3 peak average)
0.03 0.390245 /1004 Hz 0.283879
0.09 0.345520/ 107 Hz 0.238271
0.18 0.340241/ 1004 Hz 0.256886
0.21 0.329922 /108 Hz 0.301093
0.30 0.248916 /108 Hz 0.219612
0.50 0.302334 /1405 Hz 0.244437
0.69 0.544688 / 1004 Hz 0.473819
0.84 0.321933 /1205 Hz 0.285103
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Trans. Korean Soc. Noise Vib. Eng., 34(1) : 78~83, 2024

81



Jihoon Kim et al.; Analysis of Spur Gear Vibration Data on Backlash and Prediction of Backlash Based on ...

2.00

Backlash 0.5mm
1.754 —— Top 30 importance
1.50 1

Amplitude
o I -
N =) N
w o w

o
U0
=}

=4
N
%

=4
o
S

0 200 400 600 800 1000 1200 1400 1600
Frequency (Hz)

Fig. 8 Top 30 relevance score frequencies

ofN 1
oz fo 1o
oX,

o

o

o

L
3o 1B
o

o of
=
ool

ro o
=
i)
i)

oo

s ol

SN

Frq

o]
Loy A g
o> 1%

= I

2
= —HN'
=

o

4z e
N
> o
rIf
N
o
_O|L

o ©
1
N
&
RN
o —
o 1¥ e &

2,
=
ot
1=
=
>
2
[\
2,

ro

aAS 3
caseo] 9] LRP ¥4 A}o]
W, %3 ANN 2 vy
2101 200 Hz wich 2Ash=
et ol 9’4
e &3 T

o
fot
ro,
gL
ki
>
of
ol
;3
o
1
[o2e]
rlo
1=
>,
oo ot
il i
=
=

[o2e]

L o
L

i

f

UK

. Fig.
Al =7
gz]. X

i

2

[N

o FH
D o AN

o =
Hr »O oy
H o
1o HU it
o, Mo
o ot

ul

)
o
B
o
_VE
%
e
:Jd

il =
off
=
12 %
td
e
, 2
2 o
)
oty
=

o,
BN
A
~
Hm
tlo
)
)
>,
¥0, offt
o
<

o,
o
=
kd
il
1z
Ry
>,
fr
td
>~
>
°T

=4 —a}

82 | Trans. Korean Soc. Noise Vib. Eng., 34(1) : 78~83, 2024

T g E9o A JFA T EHo] =2 relevance
scoreE M= s &4l skqleh o= 71o]9 3H
& g z3} Fu g, 5 s IAFE A
3] metsto] ettt AS ostal, o)& F
AFAEE 7o 3 i RUEo| 3] 7}
ot s Ut ot A9 Axe g
G Atolell Aol Wikl o ASwE FHse
™, o]F AfeA= g5 DY wHel tlolEd dig
i 7Y F Ade AT A T BEY b s &
olalw iz} s}

o] =2 2020 % GH(AFH) 9] Ao gt
ATAEe] AdS ol FHHE 7| 2AT A
(NRF-2020R111A3A04036 891).

References

(1) Park, C. I, 2019, Tooth Friction Force and
Transmission Error of Spur Gears Due to Sliding Friction,
Journal of Mechanical Science and Technology, Vol. 33,
No. 3, pp. 1311~1319.

(2) Park, C. I. and Kim, J. H., 2021, Effect of Tooth
Profile on the Bulk Temperature of Spur Gears,
Transactions of the Korean Society of Mechanical
Engineers A, Vol. 45, No. 12, pp. 1127~1135.

(3) Park, C. 1., 2020, Dynamic Behavior of the Spur
Gear System with Time Varying Stiffness by Gear
Positions in the Backlash, Journal of Mechanical Science
and Technology, Vol. 34, No. 2, pp. 565~572.

(4) Park, C. 1., 2023, Influence of Tooth Profile and
Surface Roughness on Wear of Spur Gears Considering
Temperature, Journal of Mechanical Science and Technology,
Vol. 37, No. 10, pp. 5297~5306.

(5) Min, T.-H., Park, D.-H., Lee, J.-J., Seo, S.-Y.,
Kang, S.-W. and Choi, B.-K., 2022, Feature-based
Analysis on Vibration Signals for Fault Diagnosis
of Elevator, Transactions of the Korean Society for
Noise and Vibration Engineering, Vol. 32, No. 6,
pp. 535~543.

(6) Tama, B. A., Vania, M,, Lee, S. and Lim, S., 2022,
Recent Advances in the Application of Deep Learning



Jihoon Kim et al.; Analysis of Spur Gear Vibration Data on Backlash and Prediction of Backlash Based on ...

for Fault Diagnosis of Rotating Machinery Using Vibration
Signals, Artificial Intelligence Review, Vol. 56,
pp. 4667~4709.

(7) Lee, N., Kim, S., Jeong, L., Sohn, S. and Lee, S.,
2020, Ensemble Method Using Rule-based and Deep-
learning Algorithms for Rotating-machine Diagnostics,
Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 30, No. 2, pp. 129~135.

(8) Zhang, Z., Wu, X, Liu, T. and Liu, X., 2022,
Fault Diagnosis of Planetary Gear Backlash Based on
Motor Current and Fisher Criterion Optimized Sparse
Autoencoder, Proceedings of the Institution of Mechanical
Engineers, Part C: Journal of Mechanical Engineering
Science, Vol. 236, No. 13, pp. 7529~7545.

9) Li, Z., Wang, Y. and Wang, K., 2020, A Data-
driven Method Based on Deep Belief Networks for
Backlash Error Prediction in Machining Centers, Journal of
Intelligent Manufacturing, Vol. 31, No. 7, pp. 1693~1705.

(10) Townsend, D. P., 1992, Dudley’s Gear Handbook,
2nd Edition, Chapter 12, McGraw-Hill, New York,
United States.

(11) Little, M. A., 2019, Machine Learning for Signal
Processing, Oxford University Press, Oxford, U.K.

(12) Kingma, D. P. and Ba, J.,, 2014, Adam: A
Method for Stochastic Optimization, Proceedings of the
3rd International Conference on Learning Representations
(ICLR 2015).

(13) Bach, S., Binder, A., Montavon, G., Klauschen,
F., Miiller, K.-R. and Samek, W., 2015, On Pixel-wise
Explanations for Non-linear Classifier Decisions by
Layer-wise Relevance Propagation, PLoS ONE, Vol. 10,
No. 7, €0130140.

Jihoon Kim received the B.S. and

M.S degrees from Gangneung-wonju

y National University in 2021 and

= 4 2023, respectively. His research in-
terests include vibration, noise, and

thermal analysis of gears.

Jihun Lee received the B.S. and
M.S degrees from Kyung Hee
University in 2021
POSTECH in 2023, respectively. His

research interests include generative

and from

neural networks in industrial appli-

cations.

Taewan Kim received the B.S. de-
gree from POSTECH, Pohang, South
Korea, in 2020. He is currently pur-
suing the M.S./Ph.D. degrees with
the Industrial Artificial Intelligence
Laboratory, POSTECH. His research
interests include industrial artificial

%)

wif*

intelligence with mechanical systems and applications of

Al-based smart manufacturing.

Seungchul Lee received the B.S. degree from Seoul
National University, Seoul, South
Korea; the M.S. and Ph.D. degrees
from the University of Michigan,
Ann Arbor, MI, USA, in 2008 and
2010, respectively. He has been an
Associate  Professor ~ with  the
Department of Mechanical Engineering,
Korea Advanced Institute of Science and Technology,

i

since 2023. His research focuses on Industrial Artificial

Intelligence for Mechanical Systems, Smart

Manufacturing, Materials, and Healthcare.

Chan I Park who received B.S.,
M.S. and Ph.D. degrees in mechanical
engineering at Seoul National University,
worked at Hyundai Motor Company
for eight years. He was a dean of the

College of Engineering at Kangnung

National University and the presi-
dent of KSME. He is a professor in the mechanical
engineering at Gangneung-wonju National University. His
research interests are gears, plate, shell, optimal design,

thermal analysis, wear, noise and vibration.

Trans. Korean Soc. Noise Vib. Eng., 34(1) : 78~83, 2024 | 83



