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Abstract. In this paper, a shipbuilding gantry crane serviced for up to 18 years is studied; the
strain-measuring method is used for testing and analyzing the response of the structure and the load
about the main force component-cylindrical structural. By arranging the measuring point 90 ° to
each other on the cylindrical section of the maximum bending moment, the rule of stress conditions
of cylinder is established. The results showed that: when the crane lifting, the same side in the
cylinder has the maximum compressive stress, which mapped side has the maximum tensile stress,
the stress of both sides of the vertical part is minimum; When the rotating mechanism run a week,
the same section of the cylinder will show a cyclical linear change with the rotation angle of the
boom (jagged cyclical changes).

Introduction

In recent years, with the development of the shipbuilding industry, large-tonnage portal cranes
serve as a pivotal role in the process wharf cargo handling, and performance requirements and
scope of the lifting equipment is also increasing [1-3]. Due to limited slewing bearing load capacity,
so cylindrical gantry crane has been widely used, the cylinder is important force component
of cylindrical gantry crane, supporting the entire weight of the upper rotating part and all foreign
load, the stability of the portal crane has important significance, so as to ensure the smooth
operation of crane, the cylinder must have sufficient strength, in particular to have greater stiffness
[4. 5]. In this paper, the strain measuring method of cylindrical structure and load response were
tested to study the suspended load variation, the portal crane cylinder design and safety inspection
has important guiding significance.

Fig. 1 Testing sample a testing points.
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Object of this test is a 18-year service shipbuilding portal crane, rated load 15t, the maximum
amplitude is 48m, and the minimum amplitude is 23m, Fig. 1 shows the test sample, the measuring
points are selected on the cross section of the maximum bending, Test equipment used primarily to
testing is TMR-200 multi-channel data acquisition system, the strain gauges are FLA-5-11-1L-type,
which the sensitivity coefficient K is 2.11 ± 1%.the resistance value R is 119.8 ± 0.5Ω, the sampling 
frequency is set to 50Hz.

Data Analysis and Results of the Discussions

Instrument data is cleared when shipbuilding portal crane stayed at the minimum amplitude, then
started recording, the curves of the tested strain and time can obtained. Since the testing is carried
out within the elastic range of the structure, according to the generalized Hooke's law, the final
stress - time curves that shown in Fig. 2 – Fig. 3 can obtained. Abscissa is time and the vertical
coordinate is the measured stress.

Table 1. Related actions timetable.

time 0″ 178″ 208″ 310″ 

action 10t lifed loads up brake change 48m Stay 30″ 

time 397″ 482″ 517″ 581″ 

action
Counterclockwise

rotation of 90°
Stay 30″ 

Counterclockwise
rotation of 90°

Stay 30″ 

time 630″ 688″ 720″ 798″ 

action
Clockwise

rotation of 90°
Stay 30″ 

Clockwise
rotation of 90°

Stay 30″ 

time 830″ 906″ 940″ 1045″ 

action
Clockwise

rotation of 90°
Stay 30″ 

Counterclockwise
rotation of 90°

change 23m

Fig. 2 The testing results of measuring points 1 and 3.
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Fig. 3 The testing results of measuring points 2 and 4.

According to the above data, when the measuring point and the boom are the same side, the force
is greater, and the back has approximately tensile stress, with a 90 ° to the measuring point has a
smaller force; when rotary mechanism is rotating, the stress of the measuring point on the cylinder
changes immediately [6-8].

According to Fig. 3, the change of the stress curve when the rotary mechanism is rotated can be
found: the stress value and the rotation angle linear. Case in measuring point 2, the definition of the
boom and measuring point 2 which stays on the same side is 0 degrees, the linear relationship
between the measuring point and the angle of rotation when the rotary mechanism counterclockwise
rotation is analyzed, as shown in Table 2.

Table 2. The stress of measuring point 2 when boom rotation.
angle of boom

rotation
0° 90° 180° 270°

Stress (MPa) -66.5 -1.0 69.5 1.49

Seen from Table 2, the angle of the measuring point 2 and the boom is from 0 ° to 180 °, the
forces are on the opposite direction, but have approximately equal size, field testing errors and other
are considered, to facilitate the analysis, the absolute mean value is now as the size of the force, i.e.
68MPa; Similarly, the angle of the measuring point 2 and boom is 90 ° or 270 °, the force is taked
0MPa. Fig. 4 is curve of stress and rotating angle of measuring point 2.

Fig. 4 The curve of the stress and rotation angle of point 2.
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Seen from Figure 4, the curve of the force and the rotational angle of the measuring point 2 are
changed periodically jagged. When the counterclockwise rotation angle from 0 ° to 180 °, the force
of measuring points 2 increases with the force of the rotation angle increased, the size of the angle α 
and F can be expressed as the relation:

68)1
90

( −=
α

F
(1)

When the rotation angle counterclockwise from 180 ° to 360 °, the force of the measuring points
2 increases with the rotation angle of the force decreased, the size of the angle α and F can be 
expressed as the relation:
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Promoting Formula 1 and Formula 2 shows that the relationship of the rotary mechanism can be
repressed in the case of the measured force size and structure of the boom cylinder of portal crane
for cylindrical structures.
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Through the testing of the cylinder structure of portal crane, comparing the test results of type 3
and type 4, according to the data of the cylindrical structure whether there is a security risk, such as
the symmetry of the structure of the door frame, the level degree of tracks, the rigidity of cylinder.

Conclusion

After the testing of the cylindrical structure of the gantry cranes, the testing results shows that the
stress of the measurement point on the cylinder changes with the rotation of the rotary body, and
periodically jagged curve; Further, during the rotation of the cylinder the force change and a linear
relationship between the angle of rotation can be used to guide the design and safety assessment
cylindrical structure.
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