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Motivation

® Improve the quality of pneumatic
cylinders.

® Monitoring the function of pneumatic

cylinders. ’
o ] ] ‘ H- el SEaR
e Finding the relationship between AE eiicEEzEsiEEaEgaEs
signal and defect. A L quiiiieEE:
[ ) Determ|n|ng new approprlated mmE 1:‘%1”1 i

parameters of AE.
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Specification of pneumatic cylinders

(1) Cylinder body (barrel). (2) Head cap. (3) Rear cap. (4) Rod Bearing. (5) Rod wiper (Wiper Seal). (6) Rod Seal lip-
seal. (7) Needle valve. (8) Head and rear Piston. (9) Piston fastener (Tie Rods). (10) O- ring seal piston fastener. (11)
Piston seal lip-seal. (12) Piston seal bumper seal. (13)Magnetic ring. (14) Head cap fastener. (15) Rear Cap fastener.
(16) Head cap cushion, rear cap cushion. (17) O- Ring seal needle valve. (18) O- Ring seal cap cushion. (19) Piston
rod. (20) Throttle needle valve. (21) O- ring seal throttle needle valve. (22) Throttle knop. (23) Cushion check seal.

(24) Porting.
Specification of pneumatic cylinders Institute of Machine
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Overview of Leak testing methods (LT)

"\f\l:
Tube filled with
refrigerant
Readout
/ power
supply
Leak
| 5
halogen A
<= pump sensitive =Y
element 1
Probe
Testing by means of pressure Leak testing small

Test by detection of halogens [1]
medical tubing connection [1]

Break rod Compressed air/ gas

Radiotrscer Quick
ampoule Connectcr Pressure release

valve

Radioactive tracers Gaseous radiotracer injector [1]

Foam film and bubbles to detect gas [1]
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Overview of Leak testing methods (LT)

ATC micro-flow sensor to measure the leak, pressure test

Aleak
- Pressure —=
Vacuum - )
RASADG - uut

(IGLS) Intelligent » Air path: Tank - Tube — Hole

Gas Flow Sensor jflowmeter  Aleak
Pressure —
R e

+ Measure with Micro-Flow Sensor
Gas (AIR) Make Up Flow

(ATC), Advanced
Test Concepts

« Measure with Micro-Flow Sensor
Gas (Mass) Extracted

1 Standby - Vacuum Reservair: Py
- IGLS: no flow

3 Stabilize - Leak: increases Pyumnee

- IGLS: ﬁins flow

2 Evacuate - All branches: Py
- IGLS: no flow
- UUT: feaks

IGLS

4 Test - Steady flow thru leak
- IGLS: measures flow thru leak

1 Standby - Pressure Reservoir: Py
- IGLS: no flow

3 Stabilize - Leak: reduces Pyyr

- IGLS: begins flow

2 Fill - All branches: Py
- IGLS: no flow
- UUT: feaks

4 Test - Steady flow thru leak
- IGLS: measure leak

Method of operation— vacuum test [2]

Method of operation— pressure test [2]
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Ultrasonic testing

Initial Pulse
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Back Surface

Overview of Leak testing methods (LT)
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Acoustic emission (AE)
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Plate

Ultrasonic Testing (UT) uses high frequency sound energy
http://ultrasonicinfo.blogspot.cz/
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Leak testing methods (LT)
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Method of extracting AE parameters [5]
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Previous studies

A study on correlation of AE signals from

different AE sensors in valve leakage rate [6]

Watit Kaewwaewnoi, Asa Prateepasen, akorn

Kaewtrakulpong 2007

AEms (mv)

1000

900 |

800

700 -

600 |

500

400 -

300

200+

100

1 1 1
20 30 40 50 60 70 80 a0 100

Leak Rate (ml/sec)

Relationship between AErms and leakage rates of 1 inch
ball valve at different pressures.

Previous studies
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Previous studies

Acoustic emission leak detection of liquid filled buried pipeline [7]

Athanasios anastasopoulos, dimitrios kourousis and konstantinos bollas 2009

1 21 2 19.5m 3 LEAK 69.0 4
51dB 58dB
36dB
28dB ASL measurements
W using portable AE system |7
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2507

during acquisition using
multichannel AE system
o - H—J - e—— = - - )

No. of Hits

1007

Energy
during acquisition using
multichannel AE system

0
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250

Counts
during acquisition using
multichannel AE system

s Ud
d E? < L Re =

AE sensor

Turbulent Flow Condition: Re > 1000

Previous studies

ASL vs linear location indicating the leak point

Leaking flow features
U Mean fluid velocity through
orifice
d Mean orifice diameter
| Orifice length
V' Kinematic viscosity of fluid
P Pressure inside the pipeline
Patm Atmospheric Pressure

Re Reynolds number
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Previous studies

Field Application Study for Leak Detection Using Acoustic Emission Technology [8]

Sang-Guk Lee; Sung-Keun Park; Young-Bum Kim 2007
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Previous studies
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Augutis; Saunoris 2004
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Previous studies

Investigation of high frequency vibrations of pneumatic cylinders [9]

Power Spectrum Density
Magniude, d8

Power spectrum densities of the HFV at various measurement points: a) HFV are measured on pneumatic
cylinder housing; b) HFV are measured inside pneumatic cylinder

20+

Power Spectrum Density
Magnitude, dB

Power spectrum density of the HFV of
the new pneumatic cylinder

Previous studies
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Power spectrum density of the HFV in
the worn pneumatic cylinder
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Nondestructive Detection of Valves Using
Acoustic Emission Technique [10]

YAN, Jin, Yang HENG-HU, Yang HONG, Zhang

Previous studies

FENG, Liu ZHEN, Wang PING a Yang YAN 2015

Schematic diagram for condition monitoring test of the check valve

Acoustic emission
monitoring

. i

Check valve

Acoustic emission
system (MISTRAS 2001)|

Ultrasonic
scnsor

Accelerometet |
SENsor

Acoustic cmission

,  Acceclerometer
monitoring i
Data recorder
FFT analyzer (TEAC)
(DT 2002)

sensor
Pulser-receiver
Ultrasonic |

monitoring ;

Digital oscilloscope
(LeCroy 9310)

=
| La 1
| L L L L L

B 30mm
® 2Umm
& 1.0mm

&
Pressure (bar)

la)

ER.

T T T T T
L < _
o
v
— & —
L
e
| Fi ; i B -uTl
f2 - .- "
‘_
| FlO = . |
FIL5 ‘a
1 1 1 1
2 B! & B 10
Pressure (bar)
B U5 mm ¥ L3mm
& lUmm 2.0 mm
& 12mm 4 4dmm

(b)
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Analysis and evaluation of Previous studies

® The coefficients of Severity , Detection.

e Comparing between Ultrasonic and Acoustic emission.

Potential

7" Types, Ways
° Possibilities
Failude
(@) on process

e Typical AE for detect the location. MOdéo ounde,swdy

o

Effect

® AE activities during the leak.

Study RISK and
Reduce it

e The most important parameters signal of AE.

Analysis and evaluation of references Institute of Machine
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Analysis and evaluation of references

The problems that | have faced in the work (disadvantages)
e Signal in the same undamaged cylinders is not the same.
e Sensor fastener and calibration.
e The noise in the signal is mixing signals.
e Friction and lubrication.

Hypotheses

e Changing of signal according to the movement of piston.
® Relation between AE and the leak.

e Allowance of leakage AP/t value is 6 Pa/s.

Analysis and evaluation of references Institute of Machine
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The Objectives of the research

e Comparing between undamaged and damaged pneumatic

cylinders.

e Determine the relation between AE and the leakage. OAB
-

® Determine the quality of cylinders after production.

® Predicting the defect during actual operation of the cylinder
online and determining the level of danger.

® Determine the type of defect according to Acoustic emission.

Analysis and evaluation of references Institute of Machine
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Current state solution dissertation

| IPL Analyser P—{ Sensors of AE ‘ | Air supply ‘
Linear Pneumatic Pneumatic control
potentiometer piston system
Schema of the experimental stand
for testing of pneumatic cylinders

- ested cylinders

——1

e P 05ition sensors S T
‘ \ R

Position of AE sensors on the Assembly of experimental equipment
pneumatic cylinder (PS).
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Current state solution of dissertation
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Current state solution of dissertation
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Current state solution of dissertation

Averaged Spectra - TACR-Brno-valecl-6bar (automatic)
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Current state solution of dissertation
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Current state solution of dissertation
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Current state solution of dissertation
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(1). Initiation of progress stroke, (2). When the piston leave the throttling zone in progress stroke, (3).
Initiation of throttling (damping) in progress stroke, (4). End of throttling in progress stroke, (5). Initiation of
retreat stroke, (6). When the piston leave the throttling zone in retreat stroke, (7). End of throttling in

retreat stroke.
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Current state solution of dissertation
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damping

(1). Initiation of throttling (damping) in retreat stroke, (2). Stop time and return to progress stroke,
(3). End of retreat stroke, (4). End of throttling in progress stroke, (5). Initiation of throttling
(damping) in progress stroke, (6). End of progress stroke, (7). End of throttling in retreat stroke.
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Current state solution of dissertation
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Institute of Machine

Current state solution of dissertation il e Delh



Solution suggestion and future work

Simulation of movement and treatment the signal

Cycle with damping Cycle without damping
an [-7:]
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T
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Time (mS)
Kinematic scheme of intact cylinder shows us the progress and retreat
stroke and response of AErms to this movement.

(1). Initiation of throttling (damping) in retreat stroke, (2). Stop time and return to progress stroke, (3).
End of retreat stroke, (4). End of throttling in progress stroke, (5). Initiation of throttling (damping) in
progress stroke, (6). End of progress stroke, (7). End of throttling in retreat stroke.
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Solution suggestion and future work

Loads on cylinder.
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Sensor fastener and calibration

Sensor fastener and calibration
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Conclusion

® Current results show good reliability, repeatability and

conformity signal of AE.

e Coefficient detection DAE is lower than D.

® Most serious defects of cylinders are those that have a

large degree of severity S2.

® Average energy of acoustic emission signal RMS is one of

the most important parameters.

® Frequency spectrum analysis is inappropriate parameter

which used in pneumatic cylinder.

Conclusion
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Answers of the questions

Question 1
v kap. 6.2, str. 20 se fika, Zze podminka pro detekci v potrubi J J
ulozeném v zemi je Reynoldsovo ¢islo > 1000, aby bylo zajisténo ~]
turbulentni proudéni. Je toto Cislo skute¢né hodnota zarucujici =3
turbulentni proudéni? Re Cislo se urCuje nejenom rychlosti —— g
proudéni, ale zejména charakteristickym rozmérem. Jaky by byl
v pripadé uniku tekutiny z potrubi charakteristicky rozmér? A da ’—‘
se u pneumatickych valcl také pouzit korelace s turbulentnim Continuous flow Knudsen flow Molecular flow
proudénim? Low s Medumvectten  High/Ulrsigh vactum

Profiles of the various types of flow regimes

https://www.pfeiffer-vacuum.com/en/know-how/introduction-
to-vacuum-technology/fundamentals/types-of-flow/
Answer 1

When the leak occurs, the turbulence is caused by the flow of a pressurized fluid, that produces energy
waves of frequencies. When the flowing of gas is enough to make stress waves, reaching the surface,
the wave can be measured. The range of frequencies is (50-400 KHz) to obtain the signal of acoustic
emission.

In the article they have made an artificial orifice to obtain the signal and according to this signal they
determine the value of Reynold's number.

In our research we cannot determine the geometry of leak, we cannot use Reynold‘s number.
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Answers of the questions

Question 2

Kap. 7. Analysis..., str. 25, bod ad) 11: PiSete, Ze metoda AE ma vyhodu v tom, zZe
snadno detekuje misto netésnosti. Kde vSude u valcu lze o¢ekavat netésnost, a jak v
provozu zjistim, které to je pravé misto? To budu muset kazdy valec osadit nékolika
sensory podobneé jako v laboratofi? To by asi bylo dost drahé?

Answer 2

In our task we determine the leak in the cylinder if it is exist or not, so it is possible to
determine the location of leak in the cylinder, using 2 sensor.

In practice the tube of gas or liquid, pressure vessel, the signal is burst or discrete so it
is easy to determine positions.
For 100 m tube of flowing gas from metal 2 sensors are sufficient.

A portable apparatus will made to measure online the leaks, if it acceptable or not.
and the inappropriate cylinder will be taken to another apparatus to detect the type
of defects and its locations
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Answers of the questions

Question 3
Prvni vété hypotézy, str. 26, nerozumim. Pokuste se mi ji vysvétlit pfi obhajobé.

Answer 3

N .'M% :

. Lt

w 1\_,

515%' [ \
A

Displacement

(1). Initiation of progress stroke, (2). When the piston leave the throttling zone in progress stroke, (3).
Initiation of throttling (damping) in progress stroke, (4). End of throttling in progress stroke, (5). Initiation of
retreat stroke, (6). When the piston leave the throttling zone in retreat stroke, (7). End of throttling in
retreat stroke.
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Answers of the questions

Question 4-5

V druhé vété hypotézy je pravdépodobné chyba, asi ma byt sprdvné When the value of the leak...... Otdzka:
a. Co si mam predstavit pod pojmem Value of the leak? Je to hodnota v Pascalech/s?

b. A jak budu v provozu zjistovat tuto hodnotu?

5.V treti vété hypotézy je - zrejmé max. hodnota, viz ,nomore“- leakage value 6Pa/s.

Proc tato hodnota? KdyZ bude hodnota nizsi, co to znamena? A kdyz bude vyssi, co to také znamena?

Answer 4-5
The allowance of leakage, AP/t value in the cylinder is no more than 6 Pa/s

Test modes :

AP

AP/t Pals

Flow units mm3/s

Blockage test

Additional ones depending on your applications

ATEQ 520 Leak Testers

Inlet air

bnlet air

This value is an internal standard of Policka company based on ISO standard. when the
AP/t is less than 6 Pa/s it means, that the cylinder has no inner leaks.
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