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Abstract

To determine the location of the acoustic emission source is one of the main purpose of
the acoustic emission test. The accuracy of positioning reflects the degree of coincidence
between the position of the sound source and the source location of the actual active defects.
Time difference location method and zone location method are the main methods of
acoustic emission source location. However, the time difference positioning method has
high reliability, and therefore, most of the tests and acoustic emission instruments use time
difference method to locate the source of acoustic emission signal. Three point time
difference position method and the non-iterative multipoint position method are employed
to locate experiment to different types of acoustic emission signals collected. Based on the
positioning results, three point time difference positioning method and the non-iteration
multipoint positioning method can better position acoustic emission source. However, when
the sensor receives the small signal time difference, three point time difference positioning
method has large error. The non-iteration multipoint positioning method has positioning
advantage when more than four sensors can receive an event signal.

Keywords: acoustic emission signal, source localization, Three point time difference
position, non-iterative multipoint position

1. Introduction

Auxiliary decision-making plan maintenance method by acoustic emission signals of
detecting tank corrosion has been widely used in tank repairing. It is necessary to adopt the
methods for production halts of the oil tank, to pour out the oil for the room, to open tank
for cleaning and testing, which will produce a waste of resources to the oil tank in good
condition of tank bottom. Before that, Acoustic emission testing evaluation is done to oil
tank to find really oil tank needing shutdown and maintenance to avoid unnecessary waste
of resources and huge losses caused by leak detection [1]. The biggest advantage of this
way on-line acoustic emission detection is to solve the contradiction between production
halts caused by opening tank and storage tank benefits. Acoustic emission testing and
acoustic emission signal processing are to obtain the acoustic emission source information
as much as possible, and then get the related information of the same materials or structural
damages. However, the acoustic emission signal waveform is complicated, which is output
by acoustic emission sensors, due to a variety of influential factors such as diversity, sudden
and uncertainty of acoustic emission source, the propagation path from acoustic emission
source to the sensor, the characteristics of the transducer and acoustic emission instrument.
Even there is a big difference in real acoustic emission source. Therefore, in the history of
acoustic emission testing technology, a variety of possible signal processing methods have
been tried.
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In the 1980s, British Fawley refinery plant used acoustic emission technology to inspect
and research large-scale atmospheric tank on line for the first time. At present, the acoustic
emission technology have become mature and widely used in all kinds of pressure vessel,
pressure pipes in the petrochemical industry and marine oil platform test and structure
integrity evaluation. The acoustic emission test of oil storage and transportation equipment
like the atmospheric storage tank bottom, all kinds of valve and pump, still keeps in applied
research stage. The biggest advantage of acoustic emission test has rapid speed and low
cost. Therefore, turbulent flow noise caused by load changes leakage, the signals produced
by deformation in corrosion thinning area or the acoustic emission signal caused by
corrosion layer peeling and cracking, are used to determine whether there is leakage at the
tank bottom source (or potential leakage source - local corrosion) and its location. Then,
overall state of corrosion of tank bottom makes real-time preliminary judgment, based on
the local ultrasonic thickness results of tank wall or roof. Finally, a comprehensive safety
assessments made to the integrity of the tank. Acoustic emission signals of the detection to
determine tank corrosion tank maintenance plan and auxiliary decision-making method has
been widely used in tank repair. The test method like the oil tank halt production, pour the
oil to give the empty, and open the tank to clean is adopted, which will produce a waste of
resources for tank bottom in good condition of oil tank. Before this, the acoustic emission
test to the oil tank is necessary to judge whether it needs maintenance or not and to find oil
tank which need real shutdown of maintenance, in order to avoid unnecessary waste of
resources and huge losses caused by leak detection. The biggest advantage of this way of
on-line acoustic emission detection is to solve the contradiction between halt production
and storage oil benefits of oil tank.

Experts and scholars from all over the world have done considerable number of studies
on the acoustic emission signal detection of oil tank, from the earliest independent threshold
collection, modal analysis and parameters analysis [2], neural network [3] to the subsequent
wavelet analysis and wavelet packet analysis [4]. For many years, a great deal of progress
has been made in all aspects such as the analysis and processing of actual detection of
acoustic emission signal, acoustic emission theory research and perfect operational
procedures, etc.,. Wavelet analysis and wavelet packet analysis have strong ability of
frequency domain decomposition and waveform reconstruction, which is an irreplaceable
calculation tool in signal analysis. Based on neural network pattern recognition technology,
wavelet and wavelet packet technology applied in defect signal analysis has obtained the
good experimental effect [5].

To identify the place of the acoustic emission source is one of the main purpose of the
acoustic emission testing, which is an important indicator to evaluate acoustic emission
instrument. The accuracy of positioning reflects the conform degree of between detecting
position of the sound source and the actual defect source location. How to improve the
positioning precision of the sound source, and minimize leakage location and pseudo
positioning, is an important problem in the acoustic emission testing and evaluation as well
as the performance of the acoustic emission testing instrument. At present, according to the
type of acoustic emission signal, people study many positioning methods. The common
type emergency signals of the engineering usually use the regional positioning method and
the time difference location method. Regional positioning method has no special
requirement to the sensor location, but it requires the sound source signal in the detection
area to be received by at least one sensor. The position of the sound source is the sensor
nearby location first to receive sound source signal. The advantage of this method is the
flexible sensor placement, and the wide detection range, but it can detect the location of
sound source only shows a certain area, which is uncertain

Time difference method is a kind of acoustic emission source locating method [6]. Time
difference method mainly uses the principle of triangulation. For a determined sound
source, the sound source can be located by calculating the distance difference between fixed
sound source and three probes. The sound source fixed by this method is a certain point,
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with high reliability. Most of the tests and acoustic emission instruments use time difference
to locate the sound source.

Liu Fujun et al., in Zhejiang university chemical machinery research institute, analyzed
the acoustic signal amplitude distribution, count distribution, energy distribution, the
duration distribution and the rise time distribution based on time difference method, through
different defect inspection of the simulation tank bottom plate. According to five kinds of
acoustic signal parameters, they determined the effectiveness of the sound source signal,
and found that the acoustic signal distribution of acoustic emission detection was consistent
with the actual short board.

It is hoped that acoustic emission signals can be obtained to reflect tank floor corrosion
situation. However, the environmental noise in the actual detection is quite complicated.
Mechanical friction, welding residual stress release, leakage, oxide skin peeling, electronic
noise, the birds’ chirp, the wind sound, the pipeline vibration, the condensed water and
many other factors can interfere with the acoustic emission test. How to exclude noise from
the received voice signal is a hot and difficult problem in tank bottom acoustic emission
research.

Based on the actual field testing, acoustic emission testing directly positioning function
is still limited, and positioning effect is not ideal. The acoustic emission test results and
open tank test results still exist certain differences even leakage inspection by mistake. The
reliability of acoustic emission testing remains to be improved. In addition, the current
national standards only stipulate the event counting to show floor corrosion level [7] from
the macroscopic and overall evaluation to the tank bottom. Tank bottom acoustic emission
testing technology is not mature, which need stimulate an amount of practical experience
and the signal data. It is necessary to further study the corresponding relationship between
signal characteristics and tank bottom defect state, and the corresponding detecting
operating standards also need to further improve [8].

2. Acoustic Emission Signal Analog Acquisition

2.1. Condensation Acoustic Emission Signal Analog Acquisition

The acoustic emission scene testing is disturbed by many factors, and experience has
shown the most interference from the roof. Vertical storage tank has a certain space between
the oil level and the roof. The space is full of oil volatilization and gas as well as the air of
the tank size continuously breathing into inside. The oil gas and air cool, form droplets and
fall back into the oil level in the roof surface. Droplets noises are transmitted through the
oil product directly to the sensor, causing interference to the acoustic emission detection
signal. Floating roof tank roof corrosion signal can be transmitted through oil product and
reach the sensor, which cause the interference to the acoustic emission signal [9].
Interference signals are mainly condensate water signal. Therefore, the condensation water
acoustic emission signal become the typical signal to influence acoustic emission signal of
the storage tank. The condensing water test is used to simulate condensing water signal as
disturbed signal. The dripping speed is about 1 hit/s; sampling frame length is 8192, the
sampling frequency is 2 MHz Condensation acoustic emission signal simulation system is
made of the tank simulation bottom, the sound source excitation device and signal
acquisition device, as shown in Figure 1. Condensation acoustic emission signal is shown
in Figure 2.
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Figure 1. Simulate Collection for Condensation AE Signal
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Figure 2. Condensation AE signal

2.2. Corrosion Acoustic Emission Signal Analog Acquisition

According to the corrosion mechanism, corrosion can be divided into two categories,
including chemical corrosion and electrochemical corrosion. Chemical corrosion refers to
a kind of corrosion caused by direct chemical effect of the metal and medium (such as dry
oxygen in the air, no water sulfur in the petroleum products, etc.,) such as the corrosion of
iron at high temperature, oil storage container by corrosion of oil products with sulfur.
Chemical etching is subject to the basic rule of multiphase reaction pure chemical kinetics.
There are no electricity generated during corrosion. Electrochemical corrosion refers to a
kind of the corrosion phenomena caused by the potential difference of the metal under the
condition of the presence of electrolytes (water) or contact with other substances, such as
storage tank rusting in the humid air, the corrosion of engine exhaust system due to moisture
condensation [10]. Electrochemical corrosion obeys the electrochemical kinetics, and when
the corrosion happens, the current is often produced.

The tank bottom surface of storage tanks is generally embalmed, and coated with
anticorrosive coating. The coating is damaged over time, so that the surface contacts with
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the water of the tank bottom and bottom impurities. The tank bottom water becomes the
electrolyte, and most of the surface corrosion belongs to electrochemical corrosion. The
floor surface directly contacts with the tank base, and the corrosion of undersurface is
complex, so that electrochemical corrosion, soil corrosion are likely to happen. But the vast
majority of floor surface corrosion belongs to electrochemical corrosion. Therefore, the
electrolyte corrosion of tank bottom simulation method is used to simulate the tank floor
corrosion, and collected acoustic signals mainly characterized as the tank floor corrosion.

Test instrument: acoustic emission detector, detector, common cable. Simulated tank:
inner diameter is 600 mm; corrosive liquid is 5% salt water and liquid level height is 510
mm; liquid mass is144 kg with NaCl 7.2 kg.

A piece of board of simulation tank bottom is cut off from real tank bottom without the
weld. Simulation tank structure is shown in Figure 3. Corrosion acoustic emission signal is
shown in Figure 4.
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Figure 4. Corrosion AE signal

2.3. Crack Acoustic Emission Signal Analog Acquisition

The Nielsen - Hsu broken lead method [11] is used to simulate sheet metal crack acoustic
emission signal. The broken lead is often used to calibrate the probe position and measure
material attenuation characteristics of the acoustic emission. The specific operation of
Nielsen - Hsu broken lead method is shown as follows: HB type automatic lead corewith a
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diameter of 0.5 mm is used to adjust the length of 2.5 mm lead center. Along the metal
board face, 30 degrees slope breaks the lead. Crack acoustic emission signal is shown in
Figure 5.
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Figure 5. Crack AE Signal

3. Acoustic Emission Signal Source Localization Principle

Tank acoustic emission location principle [12]: the defect signals of tank bottom in a
very small time difference (the sound source and the probe distance difference and stress
wave velocity) are received in three or more probes. According to the time difference of the
sensor to receive and relative position sensor, the signal source is positioned as shown in
Figure 6:

Figure 6. Acoustic Emission Orientation Principle

The planar triangulation algorithm is used as shown in Figure 3.9: any three sensors form
a triangle, respectively So(0,0)(set as coordinate system origin), Sa(X2,y2) and Si(X1,y1)to
determine the position sensor as known, and P(x,y) for the unknown source is solved [13].

ro 1, I2 is set as the distance of the signal source P to So, S1, Sz three sensors.three sensors
measuring signal time is respectively to, t1, t2. sound velocity v is set up as knows, d1= ri-
ro=( t1- to)v; d2= r2- ro=( t2- to)v;System of equations are shown:

x2+y?=r? (1)
(x—x)* + (v —y)? = (r +8,)? )
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(x=x2)? + (7 —y2)* = (r + 6)° 3)

Formula (1) is put respectively formula(2), formula (3), So(0,0)is set as the origin of the
polar coordinates, and under the polar coordinate x=rcos 6, y=rsin 6 is solved:

r(x cos@+y,sin@+3,)=x +y> -5, (4)
r(x,cos6+Y,sin0+5,) =X +y; —6. 5)
Set
_y2 2 52
A=X+Y, -0 (6)
A, =X +Y; =6, @)
Get
[ A _ A
2(x, C0sO+Y,sin+6,)  2(x,C086+Y,sin0+5,) 8
Set B=(AX, ~AX)’ +(AY, ~AY,) ©)
To further solve and get:
cos(@—¢) =k (10)
_ AS-AS,
B (11)
tan g = Y2 =AY 12
A1X2 - A2X1

tan@ can be measured by the sensor location coordinates and the acoustic emission
signal arrival time difference and propagation velocity is obtained, so the @ in[-7, 7],

range can be determined. Assume that B is positive value, 6 in [- 7, 7 Jhas two solutions.
For efficient solution, it must be ensured that the r values have been positive, and sound
source location can be determined at this time. Localization algorithm of time difference is
a more mature algorithm. Some scholars put forward a new algorithm based on it. This
research can use a variety of algorithms to modify signal positioning, and to improve the
reliability of the results.

The iterative calculation speed and the acoustic emission positioning algorithm of the
target position [14].

The description of sound source location is like the above, all sensor coordinate So(0,0)
is treated as the origin; the i-1 sensor Si(r;, 6i); the time difference between signals reaching
the i-1 sensor and reaching the origin sensor is t;, to solve velocity v, r, and 6.

(1) Based on TOBIAS algorithm, the composition of equations is shown as follows

2Rvt, +V?t7 +2Rr cos g, cos+ 2Rr sing, sing =r’,i=1,2,+-,m-1 (13)

(2) Transposition changes into matrix form:
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t, rcosg rsing r’ t
¢ _ 2Rv ) 2
I, COS I, SIn r
2 2 qZ 2 qZ 2R cos q — 2 _ 2 V2
2Rsinq cee cee (14)
thy 1,1€08Q,,; I, ,C0Sq, I’,ﬁfl '[rifl
Set
t1 I, COSQ, I, SIN g,
A t, r,cosqg, fI,sing,
(15)
tm—l rm—1 COs qm—l r-m—l COs qm—l
Joint orientation matrix.
(3) When m=4, solutions of linear equations
2 2
h Y
2Rv . t2 a,) (b
I
2Rcosq |=A"| 2 |-A* 2 |Vi=|a, |-|b, |V’
. ces (16)
2Rsinq i - a, b,
m-1 m-1
When m>4, The least-square solutions of linear equations is shown:
2 2
" 4
2Rv 12 2 a b,
I
2Rcosq |=B| * |-B| % [v*=|a, |-|b, [V’
i (17)
2Rsing o 2 a, ) \b
m-1 m-1

Where B=(ATA)*AT, ATis A transposed matrix

(4) According to Rv, Rcos g, Rsin g and v? the natural constraints between the four
variables:

(Rv)® = ((Rcosq)? + (Rsin g)*)v? (18)

Put into Rv, Rcosq, Rsing, and change standard one unknown variable three times
equation:

ax’ +bx® +cx+d =0 (19)
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a by + by
b | | —(2a,b, +2a;b, + b})

Where c 6122 + asz + 2a1b1 (20)
d 2

—8

The solution formula of one unknown variable three times equation can obtain x=v2 three
solutions. Put into the formula (16) and (17) to computer and 6. Algorithm can obtain three
solutions. According to the physical concept, it can only keep real physical significance and
v>(0,r>0real solution.

4. The Results and Analysis of the Experiment

Test instrument: Vallen AMSY - 5 acoustic emission detector, Vallen probes, ordinary
cable, and test plate is 1500 X 1200 X 10 mm composite defects plate. The probe layout is
shown in the figure below, including solid dots for the hole. According to acoustic emission
standards, the system performance validation uses 3 ~ 5 mm cartridge broken lead induced
stress wave, and broken pencil lead analog sound source is shown in Figure 7.

Figure 7. Analogy Experiment of Breaking Lead

Experiment is based on the order of 1 # and 6 # for breaking lead in turn. To the
condensed water acoustic emission signals collected and the tank bottom corrosion with
acoustic emission signal, three point position and the iterative multipoint positioning
algorithm calculate the position as shown in Figure 8.
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Figure 8. Signal Orientation of Test
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In Figure 8, (a) to (f) figures refers to 1# to 6 # respectively probe near broken lead
acoustic emission location renderings. Solid dot is multipoint positioning legal sites for the
iteration, while hollow dot is localization point of time difference of three points. The figure
shows that when the probe receives very small time difference, the error of three point time
difference positioning method is large. Both methods can identify the source signal. But no
iterative multipoint positioning method must be greater than all four sensors to receive an
event signal to locate.

5. Conclusion

Time difference method is a kind of acoustic emission source locating method. Time
difference method mainly uses the principle of triangulation. For a determined sound
source, the sound source can be located by calculating the distance difference between fixed
sound source and three probes. The sound source fixed by this method is a certain point,
with high reliability. Most of the tests and acoustic emission instruments use time difference
to locate the sound source. Considering the possibility of actual situation events cannot be
received by greater than three sensors at the same time, based on two kinds of typical signal
positioning methods to identify the typical signal.
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