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Abstract - Now development of  Maglev transport 

has  reached its practical application. Therefore, one of 
the most important question is determination  of the 
area of  effective application of  Maglev transport 
systems.  Resistance forces acting  on the train largely 
determine its is calculation of these forces technical and 
economic parameters. The main task of this work. 
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I.  INTRODUCTION 

At the present time the most important is the  
commercial applicability of maglev transport. Correct 
methods of an estimation of resistance forces allow to 
determine areas of effective application of such systems 
and to optimize their parameters depending on  operation 
conditions. 

II.  STATEMENT OF THE PROBLEM 

Tests results of tests of various maglev trains have 
shown, that both electrodynamic and aerodynamic 
resistance forces  depend on the length of a train. 

 
 
 
 
 
 
 
 

The executed calculations have allowed to find 
dependences of electrodynamic and aerodynamic 
resistance forces on the movement speed and the length of 
train (as an example of the   train of system "Transmag"*) 
is considered). 

III.  MATHEMATICAL MODEL 

According to [1-2], the electrodynamic resistance to 
movement of the Maglev-train of system  "Transmag" is 
determined by the expression: 

( )
( 1*

*6,3

**6,3***8
2

1
2

1 +
+

= ed
w

c

c
coil

korr
coilD n

vV

vVKKF )

                                                

  [кN]              (1)          

where  
coilK   - is the factor independent on the speed, 

= 1,1433 [кN]; coilK
korr
coilK  - is an additional correction factor, 

=1,3509; korr
coilK

8         - is  a number of superconducting magnets  
in a car "Transmag"; 

V      - is a speed of movement of a train [m/s];  

1cv      - is a some characteristic value,  =13,9 
[m/s]; 

1cv

wn      - is the  number of cars in a train of system 
"Transmag". 

 

 
*)  System "Transmag" it is developed in Institute of Transport systems 

and Technologies of the National Academy of sciences of Ukraine [8] 
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With the account of [3-7] the expression for 
calculation of aerodynamic resistance force to movement 
of a train of system "Transmag" takes the following form:  
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where   

Tuf      - tunnel factor, depending on the length of 
the tunnel and the train’s configuration:   

wTu nf *07,022,1 +=           (3)  

where   
wn   - is the  number of cars in a train of 

system "Transmag"; 
pλ               - is an factor of aerodynamic 

resistance of an air gap, = 0,004; pλ
endsekzug

XW
2

- is a factor of aerodynamic resistance 
for a train with two cars; 

mk1           - is a specific size of a gain of factor 
of aerodynamic resistance for a train  
1m of its length, mk1 = 0,013; 

airα             - is a factor of aerodynamic resistance  
in a gap between the train and track 
depending on the length of the train 
(Fig. 1);  

ed
zugL          - length of the train [m]; 

zugα        - is factor of frontal and lateral 
aerodynamic resistance of a train 
depending on its length (Fig.1),  

airα + = 0,132°;  zugα

V            - is a  speed of movement of a train of 
system "Transmag" [km/h]; 

V∆          - is an additional speed which takes into 
account the presence of a wind:  

- in the tunnel: = 0 [km/h]; V∆

- on an open site: = 15 [km/h]. V∆

endsekL2   - is the length of a train of system 
"Transmag" consisting only from 2 
cars: 

5628*2*22 === st
wendsek LL [m] (4) 

where  
st
wL   - is the length of one section of a train 

of system "Transmag", = 28 [m].  st
wL

pS           - is a cross-section section of an air gap 
between the car and the track, 
determined from expression:       

aircarp hWS *=  [m2]      (5) 

where  

carW    - is a width of the car of system 

"Transmag", = 2,9 [m]; carW

airh        - is a height of an air gap between the 
car of system "Transmag" and track.  

 
  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 W

 
 
 
 
 
 
Fig. 1    Dependence of the factor of an aerodynamic resistance on the length of a train "Transmag" 
 
 
 
 

IV.  INITIAL DATA 

As the varying parameters, the speed of a train within 
the limits 25-500 km/h and the number of cars in a train (2-
10) were considered. 

V.  CALCULATION RESULTS 

The calculation results are presented in Fig. 2-4. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

W
X

ai
r2

en
ds

ek
 

~1
00

 %
 

W
X

ai
rl

an
g  ~

27
,9

9 
%

 
vo

n
W

X
ai

r2
en

ds
ek

W
X

ai
r ~1

27
,9

9%
 

vo
n 

W
X

ai
r2

en
ds

ek

airα =0,0090

k%
1m=1,3 % 

( )ed
zugW

Lf air
X

1m 

k%
1m=1,3 % 

edα =0,1320

( )ed
zugW

Lf ed
X

=0,1230
1m 

k%
1m=1,3 % 

W
X

la
ng

 ~ 
27

,9
9 

%
 

vo
n 

W
X

2e
nd

se
k

W
X

2e
nd

se
k  ~

10
0 

%
 

W
X

ed
 ~

 1
27

,9
9 

%
 v

on
 W

X
2e

nd
se

k

W
X

zu
gl

an
g  ~

27
,9

9%
 

vo
n 

W
X

zu
g2

en
ds

ek
W

X
zu

g2
en

ds
ek

 ~
10

0 
%

 

W
X

zu
g  ~

 1
27

,9
9 

%
 v

on
 W

X
zu

g2
en

ds
ek

zugα

1m
endsekair

X
=0,00001613612 2

air
XW =0,0000195 

WX
ed=0,000227 

endsek
XW 2 =0,00017736 

0,0002 
zug
XW =0,0002075 

0 

0,00005 

0,00010 

0,00015 

[ ]mLed
zug

 55 L2endsek=56  Lzug=77,6 6560 70 75 80 

endsekzug
XW

2 =0,00016122388 

( ) ⎥
⎦

⎤
⎢
⎣

⎡
2/

,,
hkm

kNWWW air
X

zug
X

ed
X

( )ed
zugW

Lf zug
X



 
 
 
 
 
 
 

 
 
 
 
 
 
 

25
75

125
175

225
275

325
375

425

475  2 cars

 4 cars

 6 cars

 8 cars

 10 cars

0

40

80

120

160

200

A
er

od
yn

am
ic

 tr
ai

n 
re

si
st

an
ce

 [k
N

]

Speed [km/h]

Number 
 ca

rs

 Fig. 2    Aerodynamic resistance  
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Fig. 3    Electrodynamic resistance 
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 Fig.4    Total aerodynamic resistance and electrodynamic resistance     

VI.  CONCLUSIONS  

The executed calculations have shown that 
 the maximal value of electrodynamic resistance is 

observed at the speed of 50 km/h; 
 the electrodynamic resistance is in a direct ratio to 

the number of superconducting magnets in the 
train ; 

 for the speed over 50 km/h, the electrodynamic 
resistance decreases with the speed; 

 aerodynamic resistance increases proportionally 
to a square of the length and speed of a train.  
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