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Magnetic Interference on the Infrastructure for a Super-speed  
Tube Train  
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Abstract – The super-speed tube train was introduced to increase the speed of ground transportation. 
It levitates magnetically and runs in a partial vacuum tube, which significantly reduces air resistance. 
However, strong magnetic force sufficient to propel the massive train can affect the infrastructure. The 
induced eddy current produces joule heat, and raises the inside temperature of the girder, which might 
lead to electrochemical corrosion on the girder, thereby weakening its durability. In this paper, the au-
thors analyzed the magnetic flux and induced eddy current in the reinforced concrete girder by using 
three-dimensional FEM, particularly by varying the number of reinforcing steels of the upper flange of 
the girder to the condition of almost the same flexural strength and reinforcing steel amount.  
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1. Introduction 
 

The demand for high-speed transportation has recently 
increased along with globalization. Speed is one of the key 
parameters for competitiveness especially in Northeast 
Asia, which will become a world economic center in the 
near future. New-generation, high-speed transportation 
systems must have certain requisites, such as rapidity, reli-
ability, and safety. These systems should also be environ-
ment-friendly, convenient, low maintenance, compact, 
lightweight, and suitable for mass-transportation. The 
Magnetic levitation (Maglev) train is one of the best exam-
ples that satisfy these requirements [1]. It replaces wheels 
by using electromagnets and levitates on the guideway, 
producing propulsion force electromagnetically without 
any contact. 

The Maglev train dates back to 1934, when Hermann 
Kemper of Germany patented it. Since then, the develop-
ment of the Maglev train went through a quickening period 
of the 1960s, the maturity of the 1970s–1980s, and the test 
period of the 1990s, finally accomplishing practical public 
service in 2003 in Shanghai, China [2]–[5]. The Maglev 
train offers numerous advantages over the conventional 
wheel-on-rail system; thus, global transportation is advanc-
ing toward the Maglev train. 

However, although the high-speed Maglev train has 
many advantages and is a promising piece of machinery, 
there is a critical speed limitation of around 500 (km/h). As 

the speed of the train increases, it produces severe aerody-
namic noise and air resistance, which increase energy con-
sumption by geometric progression. The aerodynamic 
noise is six times louder, the air resistance is quadratically 
proportional to the velocity, and the required power is pro-
portional to the third power of the train velocity. Therefore, 
air resistance becomes dominant in a high-speed operation, 
with over 85 (%) of total running resistance at the speed of 
500 (km/h), as shown in Fig. 1. 

 

 
Fb : Drag created by the electrical system producing auxil-

iary power 
Fm : Magnetic drag 
Fa : Aerodynamic drag (1 [m/s]=3.6 [km/h]) 

Fig. 1. Components of train drag [6] 
 
In order to solve these problems, the concept of the tube 

train has been proposed in Switzerland and Korea [7], [8]. 
Whereas conventional Maglev trains run in open space of 1 
(atm), the super-speed tube train levitates magnetically and 
runs in a partial vacuum tube of around 0.1 (atm), which 
can reduce the air resistance significantly. 
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The infrastructure of the super-speed tube train is di-
vided to “girder” and “tube.” Girder is generally made of 
reinforced concrete to support the moving load, and tube is 
made of cheap cement concrete to reduce the construction 
cost, even though the air tightness of the cement concrete is 
inferior to the iron and aluminum tubes. 

In a previous work, the magnetic effect on the tube has 
been analyzed according to the materials and diameters of 
the tube [9]. Results showed that cement concrete tubes 
have minor magnetic effect, and the girder of reinforced 
concrete, which has steel in it, may cause worse problems. 

In general, traveling magnetic field generated from the 
stator winding of the propulsion system becomes linked 
with the moving electromagnets installed in the vehicle. 
However, the magnetically linked section [approximately 
0.1 (km)] is only approximately 10 (%) of the energized 
section [around 1.2 (km)] and leakage flux penetrates to the 
infrastructure at the nonlinked section [90 (%) of the ener-
gized section at around 1.1 (km)]. This time-varying mag-
netic field induces the electromotive force on the tube and 
girder, and generates the eddy current on the reinforced bar 
(conductor) inside of the girder. This eddy current can pro-
duce joule heat and raise the temperature inside the girder, 
thereby cracking it. In addition, this current can lead to 
electrochemical corrosion and reduce its durability. 

In this paper, the authors have analyzed the leakage flux 
and induced eddy current on the reinforced concrete girder 
by using three-dimensional finite element method (FEM). 
These effects are investigated by varying the number of 
reinforcing steels of the upper flange of the girder to the 
condition of almost same flexural strength, and reinforcing 
steel amount in order to hold the construction cost. 

 
2. Analysis Model 

 
As the magnetically linked section does not cause any 

problem, only the nonlinked section is considered in the 
research. Fig. 3 shows the analysis model. Reference di-
mension of the model is as follows: tube diameter is 3 (m); 
girder width is 1,280 and 800 (mm), respectively; and rail 
height is 878 (mm). Specification of the analysis model is 
represented in Table 1. The data of the current magnitude 
and pole pitch are brought from the German Maglev train, 
TR06. The frequency is 378 (Hz) because the velocity of 
the train is approximately 700 (km/h) for super-speed tube 

train. The reference of the tube diameter is 3,000 (mm), 
which is temporarily designated for super-speed tube trains.  

The induced eddy currents are analyzed in four cases of 
reinforcing steel of the upper flange: 6, 8, 12 and 20 (ea). 
The reinforcing steel must provide nearly the same flexural 
strength and consume practically the same amount of steel 
for comparison. 

 

 
Fig. 3. Analysis model of the tube infrastructure 

 
Table 1. Specification of the model 

Variable Value 
# of turns of the stator windings 1 (turn) 

Current magnitude 1,200 (A, peak) 
Frequency 378 (Hz) 
Pole pitch 258 (mm) 
Velocity 702 (km/h) 

Thickness of the tube 200 (mm) 
Diameter of the tube 3,000 (mm) 

 
Fig. 4 shows two of the sample cases. The diameter of 

the reinforcing steel of the upper flange of each case is 
different in order to maintain the same amount of steel. In 
contrast, lower beams are the same at 6 (ea) because they 
do not have an influence on the leakage flux in staying 
away from the stator windings. 

 

 
(a) Case of 12 reinforcing steel 

 

 
(b) Case of 6 reinforcing steels 

Fig. 4. Analysis cases of reinforcing steels of the upper 
flange 

 
Fig. 2. Conceptual drawing of the tube train [8] 
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(a) Case of 6 reinforcing steel 

 

 
(b) Case of 8 reinforcing steel 

 

 
(c) Case of 12 reinforcing steel 

 

 
(d) Case of 20 reinforcing steel 

Fig. 5. Relative distance (L) of the reinforcing steel of the 
upper flange in the analysis cases 

 
Fig. 5 shows each distance L of the reinforcing steels of 

the upper flange in the analysis cases. 
The relative distance L is between the center of the out-

most reinforcing bar of the flange and the outline of the 
end turn of the propulsion coil. By definition, the relative 
distance, L, will be zero, and as the number of reinforcing 
steel increases, L becomes a negative value. 

 
 

3. FEM Analysis 
 
The shape of the analysis model makes two-dimensional 

(2-D) analysis impossible; therefore, three-dimensional (3-
D) analysis is necessary. Considering the symmetry of the 
propulsion coil, the half model is used to save analysis time 
and computer memory. Using 3-D analysis, the normal 
component of the magnetic flux density has been analyzed 
because the eddy current is generated by the normal vector 
of the magnetic flux density on the surface. 

Fig. 6 shows the 3-D half model with the symmetric 

boundary condition (a), mesh model (b), and magnetic flux 
density vector distribution through analysis model (c). 

The amount of eddy current is proportional to the veloc-
ity, conductivity, and flux density. Because the conductivity 
of the steel is constant at 10.3×106 S/m, and the velocity is 
constant at 700 (km/h) [operating frequency: 378 (Hz)], the 
eddy current is dependent on the flux density distribution. 
Therefore, the peak value of the eddy current will be dif-
ferent in each case [6, 8, 12, 20 (ea) of reinforcing steel]. 

 

 
       (a)             (b)              (c) 

Fig. 6. 3-D half analysis model 
 

 
Fig. 7. Eddy currents on the reinforcing steel of the upper 

flange [12 (ea)] 

 

 
Fig. 8. Eddy currents on the reinforcing steel of the upper 

flange [20 (ea)] 
 
Fig. 7 shows the eddy currents on the reinforcing steel of 

the upper flange in the case of 12 (ea). The closer reinforc-
ing steels locate to the propulsion coil, the more eddy cur-
rents are induced. The instantaneous peak magnitude of the 
eddy current density is 5.41 A/mm2. 

In the case of 20 (ea), the exterior reinforcing steel is 
closer to the propulsion compared to the case of 12 (ea). 
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Therefore, much more eddy current (152.14 A/mm2) is 
induced. This periodic eddy current produces joule heat 
and raises the temperature of the reinforcing bars in very 
short period of time. This instant elevated temperature of 
the reinforcing steel causes the thermal strain on the sur-
rounding concrete, which can consequently induce cracks 
on it. 

Table 2 shows the peak eddy current density for each 
case. From the analysis, the peak value of the eddy current 
density increased sharply passing a certain distance. There 
is a critical relative distance from the magnetic point of 
view, between -25 (mm) and -64 (mm). This implies that, 
for the construction of the guideway structure, the mini-
mum distance between the reinforcing bar and the propul-
sion coil should be specified to keep the eddy current be-
low a certain allowable value. 

 
Table 2. The peak eddy current density on the reinforcing 

steel of the upper flange according to the distance 
between reinforcing bar and the propulsion coil 

Variable Value 
# of turns of the stator windings 1 (turn) 

Current magnitude 1,200 (A, peak) 
Frequency 378 (Hz) 
Pole pitch 258 (mm) 
Velocity 702 (km/h) 

Thickness of the tube 200 (mm) 
Diameter of the tube 3,000 (mm) 

 
In Table 2, the diameter of the reinforcing steel of the 

upper flange for each case is also different. Therefore, the 
skin effect, due to various diameters, must be considered 
because it may modify the analysis. Skin effect is the ten-
dency of an alternating electric current (AC) to distribute 
itself within a conductor so that the current density near the 
surface of the conductor is greater than that at its core, 
while skin depth is the average depth of the skin. The skin 
depth can be calculated using Formula (1): 

 

 
ωµ

ρδ 2
=                    (1) 

 

where ρ is resistivity, ω is angular frequency, and µ is 
magnetic permeability. The skin depth of the reinforcing 
steel in the paper is as follows:  
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The smallest diameter of the reinforcing steel of the up-

per flange is 19 (mm) and largest is 35 (mm). Therefore, 
the skin depth is much smaller than the smallest diameter 
of the reinforcing steel of the upper flange; the skin depth 
does not have a major effect on the different reinforcing 
steels and the distance L is significant. 

 
 

4. Conclusion 
 
By reducing the aerodynamic noise and air resistance to 

increase the speed of ground transportation, the super-
speed tube train, which levitates magnetically and runs in a 
partial vacuum tube, has been introduced. In this system, 
magnetic interference with the tube infrastructure cannot 
be overlooked because the magnetic energy is sufficiently 
strong to propel the massive train. 

The magnetic flux and induced eddy current on the rein-
forcing steels of the girder have been investigated by 3-D 
FEM. From the simulation results, a critical distance be-
tween the reinforcing bar and the propulsion coil can in-
duce a large amount of the eddy current that produces joule 
heat and causes the thermal strain inside the girder that 
may lead to electro-chemical corrosion and, consequently, 
reduce the durability. For construction, this should be con-
sidered carefully. 
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