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Abstract. The article describes the method of measuringdiseance from the operator's
console installed outside the pipe to the in-tutmggetile. A method for measuring distance in
the absence of an echo signal is proposed. To wo tivo identical ultrasonic locators
operating at different frequencies were installeside and outside the pipeline. The change in
the duration of an acoustic pulse propagatingéim@ilar waveguide with rigid walls is shown,
which leads to a decrease in the data transfer rate

1. Introduction
The practice of oil pipeline operation assumes dewise of in-tube projectiles, which monitor the

condition of the internal surface, clean up theas@p of paraffins and are also used to repairiztya
of defects [1-6]. Timely detection of defects caavyent sudden shutdowns of oil pumping equipment
due to accidents, environmental pollution and maaendisasters.

2. Problem statement

The task is not only to obtain operational inforimatfrom control devices that is inside of a
projectile, but also to control its operation [7-Bevelopment of such equipment was carried owt by
team of employees at the Department of industma medical electronics of Tomsk Polytechnic
University. The device is designed to determinedistance from the location of the acoustic setsor
the in-tube projectile, as well as to transmit aackive the control signals. The sensor is located
the outside of the pipeline.

3. Solution method
The principle of operation of the equipment is lobbsa an active response. To increase the accuracy
of the distance measurement, a two-channel locatigthod was proposed (Fig. 1) [10-12].
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Figure 1. Block diagram of a two-channel locator

The circuit proposed in [13] was used to powerdéece for generating the active response, and
the principle described in [14] was applied to potie ultrasonic range finders.

The acoustic ranging device implementing the predasethod consist of a control unit 1, a first
range finder 2 installed in some point on the a&®f the pipe 3, a second range finder 4 instatled
another point on the outside of the pipe 3, anddive response generating unit 5 mounted on the in
tube projectile 6.

Unit 1 controls the alternate operation of firstge finder 2 and second-range finder 4. Range
finders 2 and 4 are set at a fixed distance froaom egher. Initially, control unit 1 issues an eriadpl
signal to first-range finder 2, which supplies thebe signal to in-tube projectile 6 moving inspdpe
3 and receives a response signal from active respgenerating device 5 located on in-tube progectil
6. After receiving the response signal, first-rafigeler 2 determines the bi-directional propagation
time of the ultrasound to in-tube projectile 6 arghsmits it to control unit 1. Control unit 1 then
issues an enabling signal to second-range finddridh provides a probe signal to in-tube projediile
moving inside pipe 3, and receives a response Isigima active response generating device 5 located
on in-pipe projectile 6. Upon receiving the resposignal, second-range finder 4 determines the bi-
directional propagation time of the ultrasoundrtgpipe projectile 6 and transmits it to controltuhi

Control unit 1 calculates the propagation velooityltrasound in a medium inside the pipeline by
the formula:

_ 20
[l 2

, @)

wheret; is the bi-directional propagation time of ultrandufrom first-range finder 2 to in-tube
projectile 6;t, is the bi-directional propagation time of ultrandurom second-range finder 4 to in-
tube projectile 6L is the distance between the first 2 and the sedaadge finders.

After that, control unit 1 uses the obtained vabfiedhe speed to calculate the distance to in-tube
projectile.

The algorithm for the operation of the equipmenthat operator console and the other one for the
device placed on in-tube projectile are shown guFe 2.
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Figure 2. The algorithm of the ultrasonic locator of thetuilbe projectile with the system for
transmitting and receiving information on the admushannel:
a - the algorithm of the electroacoustic pathhefdperator console;
b - algorithm of operation of the electroacoustthpof the in-tube projectile

Such an algorithm of operation is specific for thevices in which the principle of pulsed echo-
location is used [15]. The difference is that tesponse echo is formed by a special device plaged o
the in-tube projectile. This signal is generatedutomatic mode immediately after the probe pidse i
fixed by the receiving part of the equipment plaaethe monitoring and control facility.

Such algorithm is due to two factors:

- need to transmit and receive information between dperator console and the in-pipe
projectile;

- increase in the range of the locator.

A block diagram of one channel of an ultrasonicatoc [16] with a channel for transmitting and
receiving information is shown in Figure 3.

The hardware implementation of a locator with ativacresponse requires the presence of two
autonomous units, one of which is placed insidepipeline on a moving projectile, and the second is
at the operator console. At the initial time, detiered by the control circuit of operator unit 5eth
ultrasound generator of operator unit 3 is excdad the acoustic transmitter of the operator unit 1
emits an acoustic pulse.

Simultaneously, a strobe is formed, which serveldtt the amplifier of operator unit 4 for the
duration of the radiation. After the end of allrtséent processes, block 5 enables the delay ciofuit
operator unit 7, which forms a "start" signal fbe tmeasuring trigger. After some time, necessary fo
overcoming the distance along the acoustic patim fihe location of the operator unit to the in-tube
projectile, the signal is received by the acoustariver of in-tube projectile 12, amplified anchis
comparator 16.

From the output of the comparator, the normalizatsg arrives at the control circuit of in-tube
projectile 19. Firstly, a strobe is formed in thwbe generator of in-tube unit 17, which serveloi
the amplifier of in-tube projectile 14 during th@ewation of the acoustic transmitter of in-tube
projectile 13. Secondly, a delay pulse which timeequal to the delay time of the operator unit is
formed. This is necessary to compensate for théesygic error caused by the delay in setting
measuring trigger 9 to the "1" state.
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Then, a sounding pulse-tube in ultrasonic generatdrl5, which radiates acoustic transmitter 13
to the side of the operator unit. This signal isereed by the acoustic receiver of operator urig 2
amplified and then comparator 8 is supplied tocosé input of measuring trigger 9 of the operator
unit. As a result, a measuring pulse is generabexddduration of which is proportional to the double
distance from the operator's unit to the in-tubgjqmtile. This interval is measured by time intérva
meter 11 and is used to calculate the range [1&¢@ordance with the expression:

L=Ee
2

where Tr is a duration of the measuring pul€e; is the speed of sound in the acoustic path,
calculated in accordance with expression (1).
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Figure 3. Block diagram of one channel of an ultrasoni@toc with a channel for
transmitting and receiving information:

1-acoustic transmitter of the operator unit; 2estic receiver of the operator unit; 3 - ultrasoni
generator of the operator unit; 4 - the amplifiethe operator unit; 5 - control circuit of the ogt®r
unit; 6 - strobe generator of the operator unitdélay circuit of the operator unit; 8 - comparaib
the operator unit; 9 - measuring trigger; 10 - @adidr; 11 - time interval meter; 12 - acoustic reee

of the in-tube projectile; 13-acoustic radiatotiué in-tube projectile; 14 - amplifier of the inbie
projectile; 15 - ultrasonic generator of the indyiyojectile; 16 - comparator of the in-tube projer
17 - strobe generator of the in-tube projectile: @i@lay circuit of the in-tube projectile; 19 -ntml
circuit of the in-tube projectile

The time interval meter is made according to thestwe given in [18]. The measurement result is
displayed on the digital display of range indicat®rshown in Figure 3.

To control the in-tube sealer, an adjustable infdrom premise was used, which is a sequence of
pulses, the repetition rate and duration of whigh e varied within small limits. This pulse sequeen
arrives at the ultrasound generator, operating hat tesonant frequency of the piezoelectric
transducers. The operating frequency of the ergittransducer is 100 kHz. Thus, a bundle of
amplitude-modulated pulses, representing a codkepais emitted into the waveguide. An acoustic
signal is received by a piezoelectric transducentidal to the emitting one, operating at the same
resonant frequency.

4. Experimental studies

The experiments were carried out at different jpmssét of the emitting and receiving piezoelectric

transducers and at different distances between.tfibeoscillograms of the received acoustic signals
are shown in Figures 4-6. Experiments have showahttie multimode nature of the propagation of

ultrasonic oscillations in the waveguide leadshe tact that the received signal is several tens of
times longer than the transmitted one (Figure 9).[1
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Figure 4. Oscillogram of the received code packet consistingne pulse, at a distance of
meters from the transmitter

To control the in-tubgrojectile, it is necessary to transmit control signapresente by eight-bit
code packet. These code paskatetransmitted over an acoustic channel that is allgiravaveguide
When such commands are transmitted in the fornewéral pules with a small duty cycle, there i
problem of determining the number of transmitteds@s due to the increase in the dion of
acoustic oscillations in propagation along the vgande. Thereforeto increase the reliability of tt
received informationit is necessary to increase the duty cybut this results imvelocity decrease.

Figure5. Oscillogram of the code packet consisting of 3 gslsit a distance of 30 meters from
transmitter

Fig. 5 shows the oscillogram of the received coelpuence of 3 bits. This code sequence ce
recognized by simple methods. However, if the nundbd¢ransmitted bits is increased, the reliabi
of the received information for the same code seceitength can not be guaranteFig. 6 shows the
oscillogram of a it code sequen.
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Figure 6. Oscillogram of the code packet consisting of B@s| t a distance of 30 meters from 1
transmitter

It can be seen from the oscillogrihat such a code packstpractically not recognizab
Figure 7 shows the appearance of an external aceastsor, equipped with a magnetic suc

Figure7. Theappearancé of the sensor located on the pip
1 -pipeline, 2- magnetic sucker, 3sensor protective cov

Acoustic contact with the pipeline wés provided bya thin immersion layer of lubricant. T
radiating surface of the piezo transducerrotected by a protector having a concave shapbea
outer surface. The radius of curvature of this emacsurface is equal to the radius of the pipe
This ensures maximum acoustical contact

5. Conclusion

At this stage of the research it wpossible to obtain a data transfer rate of 80 Bp& informatior
transfer rate allows regilme control of the i-tubeprojectile. However, in order to increase the sg
of data transfer through the acoustic channelh&urtesearch is needed to st the mechanism of
propagation of ultrasonic oscillations in waveggi@é circular cross section. On the basis of rete
the authorghoose the optimal structure of the electroacoysttb, which significantly attenuates 1
higher-order modes, and alslevelop special methods for processing receivgadals. This will
optimize the process of transfieg information and increase the velo.

6. Acknowledgments

The research was made to implerradecree of the Government of the Russian Federafi®rAgril,
2010 No. 218, and aontract between ISS JSC and the Ministry of Edacaand Science of tt
Russian Federation of 01 December z, No. 02.G25.31.0182.



MEACS 2017 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 327 (2018) 042055 doi:10.1088/1757-899X/327/4/042055

References

[1]
[2]
[3]

[4]

[5]

[6]
[7]
[8]

[9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

Cristina Verde, Lizeth Torres. 20IModeling and Monitoring of Pipelines and Networks
(Springer international publishing AG)

Pejman Razi and Farid Taheri. A 2014 Vibration-BaS#rategy for Health Monitoring of
Offshore Pipelines' Girth-WeldSensors (Basell4(9) 17174-17191

Yurchenkov V A, Soldatov A |, Soldatov D A 2013 Application of the compressive sampling
method for compressing and processing acoustiakigRussian Journal of Nondestructive
Testing49 (11) 631-635 DOI: 10.1134/S1061830913110119

Soldatov A |, Seleznev A |, Soldatov A A, Fiks IKroening X M 2012 Echography of in-tube
sealing units: Simulation and experimeRuussian Journal of Nondestructive Testig) (4)
255-258 DOI: 10.1134/S1061830912040092

Razi P, Esmaeel R A, Taheri F 2011 Application abhust vibration-based non-destructive
method for detection of fatigue cracks in structumart Mater. Structdoi: 10.1088/0964-
1726/20/11/115017

Zhu X, Hao H, Peng X 2008 Dynamic assessment ofemwater pipeline systems using
statistical model updatingnt. J. Str. Stab. Dyr8 271-297

Grigorev A P, Soldatov A I, Sorokin P V 20@&ull-scale simulation system minimization
problems MTT 97-99 DOI: 10.1109/SPCMTT.2000.896064

Erickson K T, Miller A, Stanek E K, Wu C H, and DuiNorman S 2004'Pipelines as
Communication Network Links"Proceedings of Natural Gas Technologies Il Confegen
(Phoenix, AZ) 8 - 11

Rafalsky A S, Aristov A A, Evtushenko G S, ZhodtoV 2012 A device for studying the
scattering properties of fluid droplet samplestruments and Experimental Techniqb862)
283-287 DOI: 10.1134/S0020441212010216.

Shulgina Y V, Soldatov A A, Shulgin E M, Kudryaslaoa V 2015The echo-impulse position
detection by the dual-frequency sensing methaérnational Siberian Conference on Control
and Communications, SIBCON 2015 — Proceedings, 3087

Shulgina Y V, Soldatov A |, Shulgin E M, RozanovaVly Kroning M 2014 Mathematical
analysis of the echo-impulse position detection thg dual-frequency sensing method
Proceedings of 2014 International Conference on Madical Engineering Automation and
Control Systems, MEACS 2014 6986888.

Shulgina Yu V, Soldatov A |, Rozanova Ya V, Soldato A, Shulgin E M 2015 The increase
of ultrasound measurements accuracy with the usemfrequency soundingOP Conference
Series: Materials Science and Engineeringl (1) 012103 DOI: 10.1088/1757-
899X/81/1/012103

Burkin E Y, Kozhemyak O A 2016 A device for formiregstepwise-decreasing current for
charging a capacitive energy storagstruments and Experimental Technigb8&) 245-249
Grebennikov V V, Yaroslavtsev E V, Slobodenuk ABjtushenko T G 2015 Modeling of a
single-cycle current generator while forming a dusasusoidal currentMEACS124(1) 122041
Soldatov A |, Soldatov A A, Bortalevich S |, Kozhgak O A, Sorokin P V, Loginov E L,
Shinyakov Y A, Sukhorukov M P 201Jltrasonic level gauge of light oiSIBCON 2017 DOI:
10.1109/SIBCON.2017.7998541

Soldatov A I, Chiglintseva J V 2009Itrasonic borehole depth-gaug8IBCON-2009, pp 313-
317 DOI: 10.1109/SIBCON.2009.5044876

Soldatov A |, Seleznev A |, Soldatov A A, SorokinVPMakarov V S 2012 Estimation of the
error when calculating the arrival time of a detectecho-signal.Russian Journal of
Nondestructive Testig (5) 268-271 DOI: 10.1134/S1061830912050117

Soldatov A 1, Kozhemyak O A, Soldatov A A, Shulgivas V 2015 Measurement error
reducing in the ultrasound time-pulse systel@? Conference Series: Materials Science and
Engineering81 (1) 012103

Jian Jiang, Kyungmin Baik, and Timothy G. Leight®®@11 Acoustic attenuation, phase and



MEACS 2017 IOP Publishing
IOP Conlf. Series: Materials Science and Engineering 327 (2018) 042055 doi:10.1088/1757-899X/327/4/042055

group velocities in liquid-filled pipes II: Simulanh for spallation neutron sources and planetary
exploration.J. Acoust. Soc. Arb30(2)



