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Abstract: To ensure safety and passenger comfort, for the medium and low speed Maglev transpor-
tation system very strict control standards were developed and set into action. The relevant high
costs are therefore not conducive to the promotion of this advanced mode of transportation. Moving
from the above described situation, field tests were carried out at the Maglev test line located in
Shanghai Lin’gang. The dynamic response of Maglev system was studied under the influence of
beams of the supporting frame with a varying stiffness, and under different environmental (in terms
of temperature) effects. The collected data showed that the system can guarantee a good stability
under relatively unfavorable ambient conditions, so that the effect of temperature on the dynamic
response of the system lies within an acceptable range.

Keywords: temperature effect; dynamic response; field test; steel beam; medium and low speed
maglev system

1. Introduction

As a transportation means characterized by low noise, flexible route selection, com-
fortable ride, and green economy-like properties, the medium and low speed Maglev
transportation proves suitable for the currents needs of densely urbanized areas. It there-
fore features broad development prospects. At present, Germany, China and Japan have
developed a relatively mature research for the adoption of Maglev as a transportation
system. China high-speed Maglev lines in Shanghai have been in safe operation for over
20 years, and the medium-speed Maglev lines in Beijing and Changsha have already been
put into commercial use. Germany and Japan have a long-term technical analysis of high-
and medium-low speed Maglev trains, respectively. In addition, the Netherlands also ac-
tively conducted a “hyperloop” test in 2024, which is indeed a vacuum tube Maglev sys-
tem. At present, there is not a huge number of medium-low speed Maglev lines built and
put into use in the world, hence relatively few tests under complex working conditions
were obtained. Due to the above reasons, the current operations of the medium and low
speed Maglev lines all over the world usually adopt strict control standards. Taking China
as an example, according to the “medium and low speed Maglev traffic design Code”
CJJ/T 262-2017 [1], only the deformation control of concrete beams is mention while noth-
ing is prescribed in relation to the control of steel beams.

Some research activities have then carried out a related work. The temperature of the
medium and low speed Maglev operating line in Changsha was monitored by Dai [2] for
one and a half years. Then the temperature time history of the measuring point is ana-
lyzed, and the track temperature time history curve is derived by fitting. A finite element
model of steel box beam was established by Li [3] and combined with field measurements,
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to fit the horizontal and vertical temperature gradient curves of the Maglev steel box
girder under the action of sunshine. Another finite element model was established by
Huang [4] by combining the meteorological data of Shanghai and Qingdao and the data
of the existing literature, to study and compare the temperature gradient fitting formulas
for the high-speed Maglev concrete box beams under the changing environmental effects
induced by the sunshine and wind. The temperature field distribution of double-compart-
ment box girder was analyzed by Zou [5] under solar irradiation, and the corresponding
temperature distribution law was obtained. Arkadiusz Kampczyk [6] has proposed an in-
novative solution for monitoring the state of temperature and other atmospheric condi-
tions, using wireless temperature loggers to take measurements at the same measuring
point on the railway at a fixed time interval between January and May (winter/spring),
indicating a new scheme for obtaining railway temperature data.

By the analysis of the above reported current research status, there seems to be no
experimental activities related to the influence of temperature on the dynamic response
of the medium and low speed Maglev steel beams, neither as specified in the existing
design specifications nor as scholars research. In the activity here reported, the Maglev
test line in Shanghai harbor was selected for field test research, and data were collected
under varying environmental conditions. In the remainder of the paper, the field tests and
the adopted test equipment are described in Section 2, while the collected measurements
are reported in Section 3. Some concluding remarks on the experimental work are finally
summarized in Section 4, along with suggestions to further add information on the col-
lected data and extend the range of application of the inferred results linked to the re-
sponse of the structural system.

2. Field Tests

Field test were carried out at the medium-low speed Maglev test line located in
Shanghai Lin’gang. In the following, details regarding the specific conditions during the
tests are detailed.

2.1. Test Equipment

Since the purpose of the present field tests was to assess the influence of low-stiffness
steel beam and environmental effects (primarily in terms of temperature) on the dynamic
response of tested Maglev system, displacement and acceleration sensors were arranged
in a network and mounted on the rail and beam of the tested section. Additionally, to
sense the onboard comfort also acceleration sensors were deployed on the test vehicle.

The acceleration measurements were collected on the floor of the coach, on the vehi-
cle suspension frame, and on the F-type rail and track beam made of steel. Hence, the
INV9828 ICP piezoelectric accelerometer (Figure 1) was used, which is directly adsorbed
to the test object by a neodymium magnet. Its features are as follows: sampling frequency
0.5~1 kHz; resolution 0.0004 m/s?; transverse ratio less than 5%; operating temperature
in the range between —20 and 120 °C; resonance frequency 8 kHz, to meet the test range
and accuracy requirements for the tests.

Figure 1. Adopted INV9828 ICP piezoelectric accelerometer.
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The displacement sensors used in the tests was manly meant to monitor the defor-
mation of the track beam and the F-type rail. In order to adapt to the test conditions at
different positions, contact and laser displacement sensors were therefore used, respec-
tively. Figure 2a shows a Keyu LVDT-WYDC contact-type displacement sensor with a
measuring range of +25 mm, a dynamic response frequency of up to 200 Hz, and accuracy
of 0.05%; Figure 2b shows instead a Panasonic HG-C1030 laser displacement sensor with
a measuring range of +35 mm and a repetition accuracy of 70 pm.

(@) (b)

Figure 2. Adopted displacement sensors: (a) Keyu LVDT-WYDC contact displacement sensor; (b)
Panasonic HG-C1030 laser displacement sensor.

2.2. Test Set-Up

As already pointed out, the aim of this field test campaign was to assess the effects of
the bridge features on the comfort (and safety) of medium and low speed Maglev vehicles.
Accordingly, one span of concrete track beam and one span of steel track beam, both 25
m long, were tested in a simply supported configuration, see Figure 3.

(b)

Figure 3. Pictures taken on the test site: (a) exemplary concrete beam; (b) test vehicle passing by a
simply supported steel beam.

The cross-sections of the concrete and steel beams considered in the tests are shown
in Figure 4, and the relevant characteristics are collected in Table 1. The flexural stiffness
of a steel beam amounts to 89% of that of a concrete beam while the weight of the steel
beam being only 26.8% of the concrete beam one. The noteworthy feature to report is the
small difference, amounting to around 3%, in the natural vibration frequencies of the two
beams.

Table 1. Cross-section characteristics of the concrete and steel beams.

Material/ Mass Flexural Stiffness £. (Ha)
Girder Depth (m) *8/ (N m?) !
C60 concrete/1.7 3996 2.0254x 101 7.45

Q235C steel/2.1 1071 1.8025x 10%° 7.69
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Figure 4. Cross-sections of the tested (a) concrete beam, and (b) steel beam.

The arrangement of measurement points selected during the experiments is shown
in Figure 5. The Maglev vehicle passed by the concrete and steel beams successively, at a
constant speed, and the displacement and acceleration sensors were used to record the
dynamic response of the whole system. To maximize the sensitivity to the sought charac-
teristics of the monitored structure, the sensors on rail and beam were all located in the
middle of the span, while the sensor on the vehicle was located on the central floor of the
coach. The dynamic response measuring points for the two span test beams and the test
vehicle are also collected in Table 2. In addition to all the above mentioned measuring
points, temperature measurements were collected at the top and bottom sides of the steel
beam, at mid-span; the temperature was collected every 15 min, through a thermal con-
ductive silica gel fixed at the test position.

Concrete qirder

Steel girder

x Vertical Acceleration

ﬁ Vertical Displacement

DG ﬁx:«;

Figure 5. Test set-up and measurement points layout.

Table 2. Additional features of the measurement points arrangement.

No. Location ID/Type
1 Mid-coach AC/Acceleration
2 Mid-1# suspension frame AS/Acceleration
3 Mid-span F-type rail AR/Acceleration
4 Mid-span steel girder AG/Acceleration
5 Mid-span F-type rail DR/Displacement
6 Mid-span steel girder DG/Displacement




Eng. Proc. 2024, 5, x FOR PEER REVIEW 5 of 7

2.3. Test Conditions

The test vehicle was driven at a constant speed of 60 km/h, moving over the concrete
track beam and the steel track beam in turn. In order to also study the effects of tempera-
ture on the test results, the tests were carried out in winter and also in summer. The tem-
perature of the top and bottom sides of the steel beam and the relevant Mid-span displace-
ment due to temperature on the test day are reported in Table 3.

Table 3. Temperature conditions and beam deformation on the test days.

Mid-Span Displace-
id-Span Displace Top Bottom Temperature Difference

Date ment due to Tempera- o
0
ture (mm)
27 January 2021 (Winter) -0.14 1.7
6 August 2020 (Summer) -2.99 14.2

3. Collected Measurements and Preliminary Signal Processing

The time histories collected during the experimental tests under different environ-
mental conditions were next analyzed, to infer the dynamic response of the system. More
specifically, the deformation of the beam (reported in terms of the collected deflections)
and the acceleration are discussed in the following.

The results are reported in Figure 6 in terms of beam deformation measured along
the girder and at the rail, and a comparison is shown between the data collected in Winter
and Summer. In the two tests, the maximum deformation of the steel beam resulted to be
3.25 mm in Winter and 3.14 mm in Summer. When the steel beam had a large reverse arch
caused by the thermal effect, its dynamic deformation became slightly smaller. As far as
the deformation of F-rail is concerned, as the sensor was fixed to the top side of the steel
beam, the relative deformation of the two structural parts was obtained and amounted to
0.34 mm in Winter and 0.36 mm in Summer. This value was therefore basically unaffected
by the environment/temperature.

Steel girder vertical F-type rail vertical

——0.14mm reverse arch (Winter)

5 10 15 20 5 10 15 20
Time (s) Time (s)

——0.14mm reverse arch (Winter)

Deformation(mm)
Deformation(mm)

i

——2.99mm reverse arch (Summer)

5 10 15 20 s 10 1s 20
Time (s) Time (s)

——2.99mm reverse arch (Summer)

Deformation(mm)
Deformation(mm)

Figure 6. Deformation of steel girder and F-type rail: comparison between the data collected in Win-
ter (top row) and Summer (bottom row).

Figures 7 and 8 next show the time histories of the vertical accelerations of the vehicle
and of the track system, respectively. The maximum values of the different accelerations
measured on the vehicle passing are also gathered in Table 4, and compared with the rel-
evant deformation level obtained with the displacement sensors. Regarding the track sys-
tem, it can be seen that the presence of reverse arch effect had slightly increased the am-
plitude of the accelerations of F-rail and steel track beam, by 7% and 5% respectively. Re-
garding instead the vehicle, due to the control feedback algorithm of the vehicle
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suspension system and the filter effect of the air spring, the same reverse arch effect had
no influence on the amplitude of the vibrations measured at the suspension frame and on
the vehicle body.

1#suspension frame vertical Coach vertical
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Figure 7. Vertical acceleration of the suspension frame and coach: comparison between the data
collected in Winter (top row) and Summer (bottom row).
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Figure 8. Vertical acceleration of steel girder and F-type rail: comparison between the data collected
in Winter (top row) and Summer (bottom row).

Table 4. Values of the maximum acceleration measured during the tests, and relevant deformation

level.
Deformation Steel Girder F-Type Rail Coach Suspension Frame
(mm) (m/s?) (m/s?) (m/s?) (m/s?)
0.14 2.34 4.12 0.35 3.08
2.99 2.46 4.43 0.37 3.13

4. Conclusions and Outlook

In this paper, results have been reported as collected in an experimental campaign to
study the dynamic response of medium and low speed Maglev vehicles to changing en-
vironmental conditions and stiffness of the structural system. A network of sensors was
deployed to monitor the time evolution of displacements and accelerations, and the effect
of the changing environment was accounted for in terms of the ambient temperature by
running the tests in two different seasons.

The collected data showed the existence of a reverse arch effect, so that deformation
of the steel beam induced by the dynamic load was slightly smaller in Summer than in
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Winter. The other way around, the deformation of the F-rail relative to the steel beam was
not affected by the environmental conditions. The vertical acceleration amplitude meas-
ured for the F-rail was larger than that of the steel beam; furthermore, in terms of maxi-
mum values, the vertical acceleration of the F-rail resulted to be slightly larger than that
of the steel beam, again due to the reverse arch effect.

As the coach and suspension frame were connected by air spring, which provides a
good vibration filtering effect, the acceleration amplitude at the car body was not affected
by the reverse arch induced by the temperature effect. At the same time, the suspension
control also had a strong robustness against this effect, and can be well adapted to the
steel beam in the test.

The collected data are going to be further processed in the future, to assess the influ-
ence of the structural (bending) stiffness on the comfort and on the reliability of the entire
system. Specifically, steel beams with lower stiffness will be studied to replace the current
concrete ones, and dynamic tests are going to be carried out to look for the critical point
between safety and economy. In addition to the vertical deformation, the influence on
system dynamics of the lateral one caused by uneven temperature effects will be studied
too.
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