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Abstract: The Acoustic Emission testing application on Crane steel structure is greatly limited, because of the factors such
as the random transmission path of sound wave, the influence of dynamic load noise and the discontinuity of structure. In this
paper, the feasibility of Acoustic Emission detection for crane structure damage is discussed from two aspects: mechanism test
and field detection. Based on the analysis of the whole test process, when lifting heavy objects and braking, the metal structure
is subjected to the instantaneous gravity load of tens of tons, so that a large number of AE signals are collected by various
monitoring sensors. It mainly includes active defect damage, mechanical vibration, structural friction and electrical noise, etc.
At this time, the effective defect expansion signal is compared with the noise signal. However, in the load maintenance phase,
the noise signal disappears or drops to a very low level. At this point, if a sensor still collects a strong active AE signal, it is
highly likely that there is a damage source in this area. Compared with the traditional mechanical properties of materials, AE
characteristic parameters, such as amplitude, ringing count and energy count, can reflect the microscopic damage changes of
materials under load in a more detailed way. By summing up the distribution range of AE parameters corresponding to
different damage mechanisms and typical signal characteristics, such as the "double peaks" phenomenon in the material yield
stage, it can provide a scientific foundation for the application of AET in the metal structure damage of large lifting
machinery.
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1. Introduction
Acoustic emission technology (AET) [1-3], which uses
instruments to detect and analyze elastic waves generated by
rapid release of energy during the loading process of
materials and thus to make a judgment on the integrity state
of materials, has been widely applied in petrochemical,
aerospace and other fields. The steel structure of large
hoisting machinery is the main matrix of the whole
equipment, and its height varies from tens of meters to
hundreds of meters [4-6]. For a long time, due to the complex
structure of hoisting machinery, the acoustic wave
propagation is affected by the discontinuity of the structure
and the mechanical noise of the crane itself as a moving
device, the application of AE technology in the on-line
damage detection of steel structures of large hoisting
machinery is limited [7-11]. Therefore, in this paper, the

feasibility of AE detection of crane structure damage is
discussed and verified from two aspects of material damage
AE source mechanism test analysis and field detection.

2. Experimental Analysis of AE Source
Mechanism of Material Damage
Because the mechanism and characteristics of AE signals
are closely related to the microcrack initiation, propagation
and plastic deformation in materials, the most commonly used
materials of hoisting machinery Q235B are selected for AE
monitoring of the whole process of tensile damage. In this way,
the mapping correspondence between AE source signal
characteristics and material damage is explored, providing
basic theoretical data support for the application of AET to
hoisting machinery condition monitoring. In the test, two most
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common structural patterns of crane members were selected:
welding samples and complete steel plate samples for tensile
test.
During the experiment, two channels are arranged at both
ends of the sample, and I, II, III and IV are used to mark the
four stages of material stretching [12], and the signal
characteristics of each stage are analyzed. Comparing the
tensile curves of the two samples (see Figure 1), it can be
found that in the elastic deformation stage, the load time
history curve of the two samples coincides completely
because the non welded area mainly bears the occurrence of
elastic deformation. However, due to the thermal effect of
welding and the change of the internal structure of the
material, the elastic deformation of the weld area is small at
the low load stage. Moreover, the strength of the weld area is
higher than that of the base metal due to the thermal effect of
the welding process, so the yield limit of the welded
specimen is higher than that of the complete specimen on the
curve. On the other hand, the welding process makes the
strength of the material increase while the molding decreases,
or the maximum deformation energy reserve it can bear
decreases, which leads to the shorter strengthening stage of
the welding specimen, that is to say, the fracture occurs
earlier.

(a) A complete sample

Figure 1. Tensile specimen and its loading process.

(b) Welding sample
Figure 2. AE amplitude and ringing count-time history of tensile damage.
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(1) Preload elastic deformation stage at this stage, the
characteristics of the two samples are basically the same,
almost few AE signal occurs, only under the load of more than
60% yield strength, there are a few signals. However, the
energy rate, amplitude, ringing count, RMS, duration and
other typical AE characteristic parameters are all at a very low
level, which is still far from the typical defect extension signal
[13]. This is mainly caused by the structural friction between
the fixture, the pin shaft and the sample or the initial loosening
of the gap between the internal tissues of the material. In
General, this stage more reflects a friction damage process
(see Figure 2).
(2) Plastic yielding stage in the early stage of stage II, the
amplitude of the signal of the intact sample is relatively low,
and the ring count is less. With the material yielding, a strong
signal with a maximum amplitude of 94db appears at 50s, and
the ring count value reaches a peak value of 1768. This is
mainly due to the increase of dislocation motion, density,
dislocation slip and dislocation avalanche in the yield stage,
which leads to the intense energy release of the local stress
field in the material. Furthermore, it is characterized by strong
activation of AE signal, and when it reaches the upper yield
point, the activity and energy value of AE signal reach the
peak value.
In the stage I, due to the thermal effect of the welding
process, the upper yield point of the welding sample is
increased, and the total time of the yield stage is extended. In
this stage, the intensity and activity of the AE signal are also
higher. In this stage, the two samples show the following
characteristics: the number of impact, amplitude and ring
count rate of welded samples are higher. This is because the
local materials in the welding area achieve a transformation
similar to heat treatment strengthening under the action of
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high temperature, which leads to the need for higher load to
reach the yield stage. Secondly, during the process from the
upper yield point to the lower yield point (in the 50s), AE
parameter values dropped rapidly and there was a short
"trough". After passing the lower yield point, the activity of
AE signal begins to increase again, but the maximum value is
lower than that before the upper yield, which is called "double
peak" phenomenon [14].
(3) Reinforcement stage in the third stage, due to the effect
of work hardening, the density of dislocations in the material
increases, and dislocation packing, entanglement and splitting
occur between the metal lattices, which greatly increases the
difficulty of dislocation movement, and ultimately increases
the load required for the specimen to continue to deform. In
the early stage of this process, AE signal has a strong activity,
but the amplitude has a very significant decline compared with
the yield stage. At the later period of this stage, the AE signal
quantity is obviously reduced, and its overall magnitude is
gradually reduced. Compared with the two samples, the
acoustic emission signal characteristics of the two samples are
basically similar at this stage.
(4) Local necking stage at this time, it can be seen from the
load curve that the load on the specimen is gradually
decreasing, and there is almost no acoustic emission signal in
the process, but a very strong transient impact occurs at the
moment of specimen fracture.
It can be seen from the above results that the damage of
materials has a very high correlation with the characteristics of
acoustic emission signals. In order to provide the basis for
judging the damage degree of the actual crane AE detection, it
is necessary to summarize the AE signal characteristics of
different damage modes (see Table 1).

Table 1. AE impact statistics of different amplitude/energy ranges.
Stage
I
II
III
IV

Complete
Welding
Complete
Welding
Complete
Welding
Complete
Welding

Amplitude (dB)
40-50
50-60
102
11
141
37
1289
180
3890
1753
17349
754
1387
382
200
34
109
30

60-70
0
11
33
666
84
90
7
10

3. AE Detection for Damage of Metal
Structure of Gantry Crane
MQ1260-45 truss gantry crane has been put into use for
more than 30 years. In the long-term use, it bears the fatigue
load and environmental corrosion, and its steel structure has
many cracks, such as the pull rods on both sides of the
A-frame, the chord at the root of the boom, and the local
narrow area of the turntable girder. In order to verify the
influence of these macro defects and potential buried defects
on the stability of the whole hoisting machinery structure, the

70-100
0
0
14
240
22
32
4
8

Energy
1-10
49
44
815
1532
10370
703
153
85

10-100
60
121
633
3332
7623
1003
73
44

100-1000
5
26
63
1581
120
180
14
20

>1000
0
0
5
103
6
2
3
4

AET was used to test the safety performance of the steel
structure under 1.25 times static load. Because the structure of
truss crane is more complex than that of plane equipment
(such as pressure vessel), the acoustic signal can't propagate in
a straight line in this kind of structure. Therefore, the
traditional AE source location methods such as linear location,
plane location and so on will not be applicable [15]. Therefore,
in the detection process, the AE point by point monitoring
method is used to realize the detection of specific areas, such
as places with large working stress and severe stress
concentration area on the crane structure (see Figure 3), so as
to realize the detection of the damage degree.
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Figure 3. Layout of field detection sensor.

Figure 4. AE test loading program.

Figure 5. Amplitude history diagram of each channel in the process of 0-45t load lifting.

During the static load test of the crane, the whole process of
on-line detection is divided into two loading cycles (see
Figure 4). In the detection results, the dotted line is used as the
time separation, and the lifting and braking are started
according to the time sequence.
(1) Before lifting heavy objects, effective AE signals were
not collected in all channels, indicating that various
environmental noises affecting the detection results were well
suppressed.
(2) At the beginning of hoisting, a large number of AE
events appeared in each channel at the instantaneous
concentration. With the increase of lifting height, the
characteristic parameters of AE signal also increased rapidly,
and braking was conducted after reaching the expected lifting
height. During this process, AE signals showed very high
activity. Among them, the peak amplitudes of acoustic

emission signals in the three regions of the main chord of the
rotating column (3#), the bottom leg of the door frame (7#)
and the girder of the rotating platform (4#) in the machine
room are respectively 79dB, 86dB and 85dB. However, the
AE signal in other regions monitored at the same time was
relatively weak, indicating that the No. 3, 4 and 7 sites were
subjected to greater load impact under the action of lifting
weights.
(3) After the first lift was completed, braking was carried
out and the load was maintained for 10min. At this time, the
acoustic emission signal in the area corresponding to the No. 4
sensor did not completely disappear, and some AE signals
with high strength and activity still appeared, with the
amplitude as high as 60-80dB, while other channels rapidly
decreased to below 60dB (see Figure 5).
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Figure 6. Amplitude history of each channel during 45-56.25t load lifting.

Figure 7. Amplitude history of each channel during the second 0-45t load lifting.

(4) In the second lifting process of 45-56.26t, the impact of
the load decreased significantly because the lifting increment
of the load was 0.25 times the rated load. Moreover, since the
stress between the crane structures has been fully released
during the first heavy lifting process, the AE signals collected
at this stage significantly decreased compared with the first
lifting. During the first stage of lifting, the crane was unloaded
and reloaded. The third lift of this process was due to the
Kaiser effect of metal material. The AE signals generated in
this stage are also greatly reduced compared with the loading
process in the first stage. In the last two load retaining
processes, AE signal characteristics of each channel are
similar to those of the first stage, only channel 4 still maintains
strong activity and strength (see Figure 6).
Based on the analysis of the whole test process, when lifting
heavy objects and braking, the metal structure is subjected to
the instantaneous gravity load of tens of tons, so that a large
number of AE signals are collected by various monitoring
sensors. It mainly includes active defect damage, mechanical
vibration, structural friction and electrical noise, etc. At this
time, the effective defect expansion signal is compared with
the noise signal. However, in the load maintenance phase, the
noise signal disappears or drops to a very low level. At this

point, if a sensor still collects a strong active AE signal, it is
highly likely that there is a damage source in this area.
Therefore, combining the results of the three load lifting and
holding stages, it can be seen that channel 4 (at the girder of
the rotating platform) has a large number of active AE signals
due to the presence of several loading and holding loading
stages. In addition, it is speculated that there may be some
damage inside the material in this area, so it is recommended
to use other conventional detection methods to reinspect this
area (see Figure 7).

4. Conclusion
(1) Compared with the traditional mechanical properties of
materials, AE characteristic parameters, such as amplitude,
ringing count and energy count, can reflect the microscopic
damage changes of materials under load in a more detailed
way. By summing up the distribution range of AE parameters
corresponding to different damage mechanisms and typical
signal characteristics, such as the "double peaks" phenomenon
in the material yield stage, it can provide a scientific
foundation for the application of AET in the metal structure
damage of large lifting machinery.

Figure 8. Cracking defects of the main beam of the rotating platform.
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(2) Grinding and penetrant flaw detection were carried out
on the rotary girder found in the acoustic emission detection
process of the actual gantry crane. Multiple surface cracks and
obvious cracks were found on the outer surfaces of the two
box girder under the rotary platform (sensors were placed
above the girder, i.e. in the top machine room) (see Figure 8).
The reason is that this area is the web position of the main
beam of the rotary table. Because it bears the cyclic load
during the frequent lifting process of the crane for a long time,
and this area is located in the stress concentration area of the
cantilever beam root, the fatigue damage finally produces
cracks.
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