INTEGRATED LABORATORY OF THE MECHATRONICS
SYSTEM OF VEHICLES AND CONSTRUCTION MACHINERY

APPLICATION OF VIBROACOUSTIC
DIAGNOSTICS IN REMAINING USEFUL LIFE
ANALYSIS

Stanistaw Radkowski, Robert Guminski

Institute of Vehicles, Warsaw University of Technology
ul. Narbutta 84, 02-524 Warsaw, Poland
ph. +48-22-234-81-18
ras@simr.pw.edu.pl

MECHATRO

POJAZDOW I MASZYN ROBOCZYCH

FACULTY OF AUTOMOTIVE AND CONSTRUCTION MACHINERY, WARSAW UNIVERSITY OF TECHNOLOGY
Narbutta Str. 84, 02-524 Warsaw, Ph. (+4822) 234-8117 up to 8119 e-mail: sekretariat@mechatronika.net.pl  http.//’www.mechatronika.net.pl



INTEGRATED LABORATORY OF THE MECHATRONICS
SYSTEM OF VEHICLES AND CONSTRUCTION MACHINERY

Early Identification of Defects How CBM Works

I Failure U!asonicEnerQY Oil Analysis ) N P-F Curve

Initiated  petected Detected  Vibration Analysi
Detected /*

[ ol

Asset Condition

Catastrophic
PROACTIVE PREDICTIVE PREVENTIVE RUN TO FAILURE Failure

Time

FACULTY OF AUTOMOTIVE AND CONSTRUCTION MACHINERY, WARSAW UNIVERSITY OF TECHNOLOGY
Narbutta Str. 84, 02-524 Warsaw, Ph. (+4822) 234-8117 up to 8119 e-mail: sekretariat@mechatronika.net.pl  http://www.mechatronika.net.pl




INTEGRATED LABORATORY OF THE MECHATRONICS
SYSTEM OF VEHICLES AND CONSTRUCTION MACHINERY

* Proactive maintenance strategy:

Anticipation action which characterises a proactive
maintenance strategy iIs mainly based on monitoring,
diagnosis, prognosis and aided decision-making
modules. Among these modules, the prognosis process is

often considered while its goal is fundamental for
Implementing anticipation capabilities.

* The prognosis aims at forecasting the future of an item
from its present, its past, its degradation laws, and the
actions to be considered.
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Logistics Function

_a
1+ be™

PD

where:
a, b ¢ - constants, a=a(o), b= b(o), c= c(o)
t—time
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Consolidation

Line-shaped invasion,
followed by consolidation
by transversal diffusion.
The predicted history of the
area covered by diffusion
reveals the S-shape curve.
[A. Bejan, S. Lorente, ,,The
constructal law origin of the
logistics S curve” J. Appl.
Phys. 110, 024901 (2011)]
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«Arutyunyan A. R., Arutyunyan R. A, The Fatigue Fracture Criterion Based on the
Latent Energy Approach, Engineering, 2010, 2, pp 318-321, 2010;
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Test-bed diagram

.

\a

1 — motor, 2— clutch, 3— closing gear, 4 — coupling shaft,
5 — prestressed clutch,6 — examined toothed wheels,
7 — examined gear, 8 — shaft
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Parameters of the test-bed

« Maximum tensioning torque 1200Nm (or 1500Nm for shafts with
bigger torsional rigidity):

« Motor speed: 1460 rpm;

« Gear ratio in both toothed gears: 1.296;

« Module of test specimen wheels and counter-test specimen wheels

Amm;
* Number of teeth In test specimen wheels: 27,
* Number of teeth in counter-test specimen wheels: 35;
 Axle base for wheels: 125 mm.

Toothed wheels made of 20H2N4A carburized steel, hardened to
60 HRC hardness were used for the research.
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The parameter of shape in function of measurement number of wheel no7.
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Shows the change of entropy energy as a function of the duration of
the experiment

FACULTY OF AUTOMOTIVE AND CONSTRUCTION MACHINERY, WARSAW UNIVERSITY OF TECHNOLOGY
Narbutta Str. 84, 02-524 Warsaw, Ph. (+4822) 234-8117 up to 8119 e-mail: sekretariat@mechatronika.net.pl  http.//’www.mechatronika.net.pl




D M-_ M INTEGRATED LABORATORY OF THE MECHATRONICS
LMECHA INIRA| - SYSTEM OF VEHICLES AND CONSTRUCTION MACHINERY

7 Kotfo nr.2

7 Koto nr.2

| | | |
0 2000 4000 6000 8000
czas[s]

1 | | | | |
0 2000 4000 6000 8000 10000 12000
czas[s]

FACULTY OF AUTOMOTIVE AND CONSTRuUL 11UN MAUHINEKY, YWWARKDAVY UNIVERSIT Y UF | ECHNULUG Y
Narbutta Str. 84, 02-524 Warsaw, Ph. (+4822) 234-8117 up to 8119 e-mail: sekretariat@mechatronika.net.pl  http.//’www.mechatronika.net.pl




ME m INTEGRATED LABORATORY OF THE MECHATRONICS @
o q'A SYSTEM OF VEHICLES AND CONSTRUCTION MACHINERY

a
PD = —
1+Dbe
koto nr.3 b -4 2E-04 b 2,3E+02
koto nr.7 b -4 OE-02 b 5,4E+01
koto nr.8 b -4 OE-02 b 7,8E+01

FACULTY OF AUTOMOTIVE AND CONSTRUCTION MACHINERY, WARSAW UNIVERSITY OF TECHNOLOGY
Narbutta Str. 84, 02-524 Warsaw, Ph. (+4822) 234-8117 up to 8119 e-mail: sekretariat@mechatronika.net.pl  http.//’www.mechatronika.net.pl




INTEGRATED LABORATORY OF THE MECHATRONICS
SYSTEM OF VEHICLES AND CONSTRUCTION MACHINERY

Bayesian updating method

f(D/a)f(a)
f(D

f(a/ D)= « f(D/a)f(a)

f(a/D)=K,-L[D/a] f (a)

where:
Kg - standardizing constant
L[D/a] - likelihood function
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L[D/a]:f[ D (6, /a)xﬁ[l— PO, /a)]

where:
n — denotes the set of detected defects
m — denotes the set of events defining non-existence of a defect.
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f (a) oc (detI(a))"?

where:

— 1s calculated as the matrix of average
second derivatives  from the credibility
function logarithm based on the results of
the experiment.

oa’

I(a) :—E{

6% In f(D/a)}

f(a/ D)« L(D/a)(detl(a))"?
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CONCLUSIONS

The damage parameter defined as the relative changes of energy is introduced. It
IS shown, that this parameter is governed by the differential equation with the
solution in the form of the logistics function, capable to describe different processes
leading to saturation.

The method of research presented in the paper enables use of vibroacoustic
signals for building the degradation as well as fatigue models, defining the
remaining useful life, formulating more reliable diagnoses and forecasts of an
object’s technical condition. Presented method can be used to test the dynamical
output of building structure.
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Thank you for your attention
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