Diagnosis of Pneumatic Cylinders Using
Acoustic Emission Methods

Ing. Houssam Mahmoud

USTAV KONSTRUOVANI ) _
Fakulta strojniho inzenyrstvi Supervisor: doc. Ing. Pavel Mazal, CSc.

VUT v Brné

Brno, 08.07.2019

USTAV
KONSTRUOVANI




CONTENTS

e Introduction
e State of the art

e Analysis and evaluation

e Goals

e Result and Discussion
e Conclusion

e Publication

e Participation project

. . . USTAV
Acoustic Emission Testing 2/32 KONSTRUOVANI



Introduction

« This study tried effectively to apply real-time diagnostics to detect any
malfunctions in automatic production lines and in the transport field,
and looking for new ways to inspect and predict any defects.

« Non-destructive testing (NDT)

 Acoustic emission

« Pneumatic cylinders

« The reason of testing the pneumatic cylinder by AE condition monitoring

Acoustic Emission Testing
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State of the art

Relationship between AE and leakage

 Parameters of acoustic emission
» Apparatus of acoustic emission

« Leakage and RMS of acoustic emission :

many researcher studied the relation between RMS and leak as :
Bezn and Joon-Hyun Lee et al W. (2005)

Kaewwaewnoi, A. Prateepasen and A. Kaewtrakulpong (2007)
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State of the art

 ldentification and location of leakage
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Several researchers has studied the AE since
1980s as:
Kupperman et al (1985).

Anastasopoulos, D. Kourousis and K. Bollas (2009)

Z. Farova, Z. Prevorovsky , V. Kus, Serge Dos
Santos (2011)

Shama,A.;
(2017).

El-Shaib,M.: Sharara,A.: Nasser,D.Y
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State of the art

Augutis and Saunoris 2004 studied pneumatic cylinders.
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Analysis and evaluation of Previous studies

« Testing methods of leaks is rarely used to test the leak in cylinders [10 -12] .

« They tried to apply AE to detect leak and reduce the noises and to find the relation
between the AE parameters and leak. All experiments had tried the frequency spectrum
in the first [13 - 31].

« All results have shown that the AE technique can work well in the field of valves [32].

« Typical AE is able to determine the location of defect in all last researches [33 - 50].

* When the leak rate increases the amplitude of AE increases [51].

« The change of load does not affect much at the piston velocity [52,53].

Acoustic Emission Testing 7/ 32 k EngRuovANl'



Objectives of the research

The aim of this work is to develop a new efficient diagnostic procedure for checking the function of
pneumatic cylinders using acoustic emission in cooperation with the producer.

This diagnostic procedure is able to detect distinctive differences that determine whether the
cylinder is damaged or undamaged.

Determination of the relationship between parameters of AE and defects in the cylinders.
Determination of the diagnostic criteria that evaluate the pneumatic cylinder and detect the defects.

New software and methodology depends on our results.

Acoustic Emission Testing 8/ 32 k EELQVTRUDVAM
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Result and Discussion

The results were divided to four main stages

* Frequency spectrum

* The behavior of cylinder movement and RMS
* The basic criteria

 The load on the cylinders

Acoustic Emission Testing 10/ 32 k EngRUD\,AN[



Unit of amplitude of
spectrum V~2/Hz

Acoustic Emission Testing

Result and Discussion
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Result and Discussion Frequency spectrum
The types of defects were sorted according to defection (DAE).
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Result and Discussion
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Result and Discussion
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Result and Discussion
%1072
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Result and Discussion

PPO3 NPO7 M4 NPOS

e direction of leak

Four types of defects were chosen according to Dae
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Comparing between damaged and undamaged cylinders, NPO7
according to the RMS values derived from the sensor A
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Result and Discussion The basic criteria

The second criterion is comparing between damaged and undamaged cylinders according to
the ratio of max RMS signal between sensor A and sensor B in the retreat stroke
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Result and Discussion

The basic criteria
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Result and Discussion The basic criteria
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Result and Discussion

RMS =/ (U[i]?)/N
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The load on the cylinders

Result and Discussion

';,E.

Analyzer

Sensor B
Tested Cylinder
Valye

Sensor A

Sensor A l
Val [N
Sensor - | L
‘ —

otent/omete N3 | ar T

$ource |T

“ Air
I' Source

magnetic
sensor

Linear Potentiometer

magnetic
sensor

N S e

Linear Potentiometer

Cyl/nder

Tested Cylinder

Sensor B

b) Loading above the rod of cylinder a) Loading below the rod of cylinder

Acoustic Emission Testing Assembly of experimental equipment 22/ 32 k A



Result and Discussion

Load is below, progress stroke

—gensor A
'|——Sensor B 1
= ___,ﬂ"#’
E 0.6 B /_ .
)]
= 04°¢
e
0.2 —
0 . . | .
1 6 11 16 21
Load kg
%1073
2 | Sensor A 100
S rB
1.8+ : - digi:jinput
16+ : 3 | Displacement mm 180
ral | |
RN T £
12 Sy leo E
2 1 £
E @
[ia i 2 E
08F 1 4 140 5
I [a)
06!
i 3 5
0.4 - 120
: / 7 6
02r!
| //I.
0 ! - 0
0 0.5 1 15 35

Time
Load of 1 kg was applied
Acoustic Emission Testing

RMS V

below the undamaged cylinder

The load on the cylinders

| Load ig below,l retreat Istroke |

1
08! Sensor A| |
> ——Sensor B
E06f
=
r 047
021 —
1 6 11 16 21
Load kg
5 x10% . - - 100
T s )
181 : I—Dis;placr:-;mem mm \
el 1= = digtal input > e
e !
E 1 1 1
2 E
12} : N 60 E
I /
1 1 Q
0.8} . ! 140 &
1 1 0
1 | o
0.6 1 1
04 : 5 : 3 120
oaf ! JiL N /
1 1
0! o : - - = . 20 Retreat stroke Progress stroke
Time s

Load is below piston

23/ 32 k

Load 21 kg was applied
USTAV
KONSTRUOVANI



18-

16

1.4+

1.2+

RMS V

08

06~

0.4+

02+

!_oad s ;above, progress stroke

1 :
_ Sensor A| |
- 0.8 Sensor B
£ 0.6
)
E 0.4 I \/\ _
0.2} '
0L . . | ]
1 6 11 16 21
Load kg
<102 1_ _ . 100
Sensor A
\ Sensor B 4
Displacement mm
3 - p—-digitaltinpul \ 80
:
1 : - 60
W
,
: 140
5
. ' =20
ojs 1 1f5 2 25 3 3.5 40
Time s

Acoustic Emission Testing

Load 1 kg was applied

Displacement mm

1
Sensor A
- 0.8 Sensor B/ |
E06F
2
i 04} e —
0.2
1 6 11 16 21
Load kg
2= T Sensor A

181 g‘i:r:)ﬁ:;:mem mm

sk — - -digital input

14+

1

12 “a
2 1)
o

08

0.6

04r P 6

0.2 /

2

Result and Discussion

| Load ils abovq, reteat Istroke |

The load on the cylinders

Load 21 kg was applied

above the undamaged cylinder

100

180

160

Displacement mm

Progress stroke Retreat stroke
Load is above piston

USTAV
24/ 32 k KONSTRUOVANI



Result and Discussion

Compare between damaged and undamaged cylinders with load and without load

The load on the cylinders
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Load is below, progress stroke

Result and Discussion
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The load on the cylinders
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Conclusion

There are four criteria to evaluate the cylinder respectively:

e Delay in the stroke

e When the ratio of RMS is bigger than 3 the cylinder is damaged if the ratio is smaller than 1.7 the
cylinder is undamaged.

e At signal energy Ez_, > 0.27x10~7 V2 *s*Ohm the cylinder is damaged, and at E;_, < 0.2x10~7
V2 *s*Ohm it is undamaged.

e At) RMS > 0.18 mV the cylinder is damaged, and at ), RMS < 0.14 mV it is undamaged.

e The relationship between RMS and Loads is approximate linear.

When there is intersection between RMS vs load curves the cylinder is damaged.
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Intemi informacni oznageni metodiky:  Testy pneuvalci akustickou emisi

; Policské strojirny a.s.,
Misto ulozeni metodiky: Bofiny 1145, Horni Predmésti, 572 01 Policka

TUV NORD Czech, sro., cerifikaéni a inspekéni spolecnost, timto potvrzuje,
Ze prezkouseni vyde uvedené metodiky bylo provedeno v souladu s poZzadavky smérnice
S$819 Proces certifikace metodik’, viz Certifikaéni list ke schvaleni metodiky’ ze dne
07.12.2017, Zakazka je vedena pod zakazkovym &islem 5117139/01

# Ing. Daniel Jarchovsk}
/ feditel Divize posuzovani shody
TUV NORD Czech, s.r.0.

Praha, 07.12.2017
Misto a datum

TUY NORD Camch ro
Caneomermmsd 2420015, CZ-190 00 Praha 8
Telotor {00420} 206 587 201.9, Tewiex: (00420) 200 537 240, Emal Ler-nondKtuev-<101d 62
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Thank you for attention

Houssam Mahmoud, Ing

mahmoud@fme.vutbr.cz

USTAV
KONSTRUOVANI

www.ustavkonstruovani.cz



