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TO T H E  Q U ESTIO N  A BO UT CHECKING PARAM ETERS  
OF C O D E  C U R R E N T  OF RAIL CIRCUIT

T his paper deals w ith the  question o f  definition o f  code current param eters and spectrum  
interference in rail net. It is proposed the hardw are-softw are com plex  for this purpose. It is realised  on the 
base o f  personal com puter and m icroprocessor techniques.

R O Z W A Ż A N IA  NA T E M A T  PAR AM ETRÓ W  KO NTR OLNY C H  
PRĄDU K O D O W A N E G O  W  O BW O DA CH T O R O W Y C H

A rtykuł om aw ia  kw estię  definicji param etrów  prądu kodow anego i zakłóceń w idm a 
w rzeczyw istej sieci kolejow ej. D la tego celu proponuje się „zestaw  sprzęt -  oprogram ow anie” , który  je st 
realizow any z w ykorzystan iem  kom putera osobistego i technik m ikroprocesorow ych.

1. INTRODUCTION

A ccording to  the M anual for m aintenance o f  devices o f  the signal system , centralization 
and block system s it is necessary to check its w ork periodically w ith the help o f  system 
"Control", placed in a cars -  laboratories, that allowed to m easure param eters o f  autom atical 
locomotive signalization code current [1], This system is intended for m easurem ent o f  a code 
current by frequency 25, 50 and 75 Hz, definition o f its tim e and am plitude param eters, 
calculation o f  coordinate o f  a rail circuit (RC), control isolate connection o f  rails and speed o f  
movement o f  the rolling-stock.

M easurem ent o f  code current should be reliability and w henever possible exclude o f  
labour-consuming, long on tim e and deals w ith w alk to the field  operation. That it is 
impossible to carry out at a m anual control param eters o f  current. Besides the realization o f  
measurements on railw ay section deal with the necessity  o f  sever observance o f  the safety 
precautions regulations.
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The check w ith the help o f  car - laboratory allows us to determ ine first o f  all deviations 
in adjustm ent o f  RC and code equipm ent, bu t don’t gives possibility  to  m easure phase o f  code 
currents o f  station R C , value o f  return tractive current in rails and spectrum  o f  interferences, 
asym m etry code and tractive currents. As for the num erical param eters o f  code signals it is 
defined w ith the error ±10% .

So it is necessary  to create m easuring system  for the check o f  param eters o f  code 
signals in rail c ircuit w ith m ore accuracy and allow ing to  expand num ber o f  checking 
param eters and to  create electronic bases o f  the m easured and designed data. It will promote 
more com plete and authentic analysis o f  serviceability  o f  rail circuits.

2. TH E M A T H E M A TIC A L  D ESCRIPTIO N  TRA N SFER  PR O C ESSES OF THE 
IN FO R M A TIO N  INTO L O C O M O T IV E ’S COILS

In the system  autom atic locom otive signalling system  (A LS) there is a continuous 
com m unication betw een track and locom otive devices. The ALS inductors C l and C2 are 
situated before the first w heel pair o f  locom otive. Coils C l and C2 connects inductively, by 
m eans o f  a m agnetic field, series and tow ards each other. M agnetic field is form ed around of 
rails R1 and R2 by an alternating code current. Thus, w ithin the lim its o f  each rail circuit 
(RC) there is a separate channel o f  com m unication. The circuit o f  transfer o f  the information 
for one RC is show n in a Fig. 1.

Fig. 1. T he  c ircu it o f  transfer o f  the inform ation  on a rail circuit to the locom otive’s recep tors

On the output o f  a rail c ircuit the transm itter T  o f  code signals is placed. Rail circuit 
shunts by  first w heel pair W P o f  locom otive in the end. The current Ip in the channel of 
com m unication form ed by  rails R1 and R2 and wheel pair W P flows under each o f  coils 
opposite. Then, total induced electrom otive force is equal

E = E i + E2 (1)
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where -  electrom otive force, induced in coils C l and C2 accordingly.

Let's consider the problem  on radiation o f  electrom agnetic energy by an elem ent o f  a 
current. Let's replace a  rail by  an equivalent round conductor o f  infinite length. The code 
current o f  the sine w ave form  follow s in it. Let positive direction o f  a current in a rail 
coincides w ith a direction o f  an axis z.

For definition o f  a m agnetic induction and m agnetic flow running through coils o f  ALS,

we shall take advantage o f  vector potential o f  a m agnetic field A . The direction o f  this vector 
coincides w ith a direction o f  current in conductor. V ector - potential has the follow ing 
connection w ith a m agnetic induction and m agnetic flow.

B = rot A (2)

0 = \ B d S = \ r o t ~ A d S  = § A d l  (3)

w h e re - B vector o f  a m agnetic induction, T;
S - area o f  a surface, crossed by  a m agnetic flow, m 2;
<t> - m agnetic flow, T  m 2.

The size and direction o f  vector potential o f  a m agnetic field depend on current 
flowing in conductors o f  length d l and on the Poisson equation is equal

- u - u - i - d l
A = ?  D (4)4 - K- R

where - |i  m agnetic perm eability  o f  environm ent (steel o f  the core), H/m; 

p 0 - m agnetic constant, H/m;

R - distance from a radiating conductor up to a point in space, m.

In alternative m agnetic field in view  o f  effect o f  delay o f  a wave, w hich is show n at 
transfer o f  a signal on high frequencies (for example, in case w ith tonal rail circuits or high 
frequency interferences) shall w rite down vector - potential as

J W  ( t  )  _

4 ■ ji • R '  ’

where v -  speed o f  spreading wave, m/s.

For definition o f  a vector o f  a m agnetic induction we took advantage o f  cylindrical 
system o f  coordinates. L e t’s w rite this dependence in the com plex form. G enerally  it looks 
like

¿  = ro tA  = r 0 . ( ^ - ^ . )  + ^ 0 . ( M L _ M l ) + z ° . ( ^ a ) _ 5 A 1 )  (6)
rckx dr ’ dz dr dr rda
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3R y
As vector - potential has only  com ponent A z and —  = — = sin 0 ,  that

gr R

B = - a
3 A Z _ d A z gR p - Pq ■ l md 1- sin 6 

gr gR gr 4-7:

R R1 -j w (t— ) j. w  —j w  (t )
 e v + -  e
R R v

(7)

w here r  - projection o f  a piece R on a plane z.

For an indefinitely  long conductor (rail line), induction o f  a m agnetic field  in a point on
distance R from rad iator (and r =  R,) 

RF o  1B (t) =
2 ■ 7t

. . w • R 
sin(w  ■ t  )v w . w • R

H C0S(W ■ t -------------)
V V

(8)

A ccording to  the law o f  an electrom agnetic induction electrom otive force induced in the 
ALS coils is equal

£ (f) = -
W .- d 0 A ' Ao '

dt 2 -it 4

where W b - number of winds of the coil.

w-R. w . , w-R^ w
cos(w • t  ) ------- sin(w • t --------- ) -----

v R v v
(9)

The results o f  m odelling  o f  virtual value o f  electrom otive force on the distance R from 
the source o f  radiation (rails) for existing rail circuits in Ukraine by low frequencies (25, 50 
and 75 H z) are given below  (Fig.2). C urrent in the rail is equal 10 A. The calculation was 
executed w ithout taking into account o f  the phenom enon o f  w ave delay, because it has no for 
low frequencies. That is w hy equation (10) is simpler. The relative error betw een the 
m easured and calculated data is ±  3.5% .

Effective va lue  o f e le c tro m o tive  fo rce  on the  d is tance  R fro m  ra il fo r  
d if fe re n t s igna l fre q u en c ies

•  Measured data (f=75 Hz)
A Measured data (f=25 Hz)

53 Measured data (f=50 Hz)

□stance R, sm -Calculated data (f=75 Hz)
 Calculated data (f=25 Hz)

—  -  -  Calculated data (f=50 Hz)

Fig.2. E lectrom otive fo rce  on the d istance R from  rail a t the code curren t by  value o f  10 A
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So w e have equation o f  electrom otive force induced in the coils o f  ALS, w hich is 
allowed to take into account effect o f  delay o f  a wave in case with tonal rail circuits or high 
frequency interferences. The dependence betw een code current and electrom otive force in 
inductors is received. T his will be used at the definition o f  param eters o f  code current w ith 
the help o f  the device, at w hich the detector o f the information are locom otive coils.

3. THE H A RD W A RE O F A M EASURING COM PLEX

For definition o f  num erical and tim e param eters o f  signal current the hardw are-softw are 
measuring com plex is offered, w hich b lock diagram is given in a Fig.3.

This is realized as a additional device to the personal com puter (PC) such as IBM PC. 
It carries out digital processing o f  analog signal from the locom otive coils and contains the 
following basic units: the block o f  com m utator, dividers, lim iting am plifiers, analog-digital 
converter (A DC), m ultiplexers, generator o f  tact im pulse, program tim er, control device 
(registers o f  the data and operate).
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Fig.3. S tructure  schem e o f  device for the checking o f  code cun 'ent param eters

Ten-digit A DC o f  serial approach has input range ±5V and will transform  an analog 
signal to a digital code w ith a step o f  quantization ±5mV. The m axim al ADC discretization 
frequency is 40 kH z that it is quite enough for realization o f  the spectral analysis o f  a current 
flowing in rails. The differential error m akes no m ore than 0,1 %. A lso there is possib ility  to 
use twelve-digit ADC.
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The program m ed tim er is intended for the definition o f  discretization frequency o f  input 
signal. The interval o f  discretization can be changed in wide range from 25 m icroseconds up 
to 70 m inute (bottom  lim it o f  dicretization frequency is lim ited to  properties o f  A D C, and top 
- tim er and div ider o f  frequency). The program  tim er produces the frequency o f  signals. They 
is stabilized by  the quartz resonator on 1 M Hz.

The control device consists o f  the registers o f  the data and operation, w hich are 
necessary for the task o f  operations o f  the program  tim er, m ultiplexers and also block of 
com m utator.

The block o f  com m utator is needed for a dependence o f  a voltage range o f  input analog 
signal. It consists o f  a som e sm all-sized relays, transm itting a signal on the lim iting amplifier 
or through a d iv ider (1:10 and 1:100). It is allow ed to  increase an input diapason o f  voltage up 
to 500V. Thus, the g iven device can be used for recording a signal not only from  inductive 
coils o f  A LS, and from  o ther detectors no t situated on the locom otive, and connected to  a rail 
circuit, feeder o f  return tractive current (for the am plitude and spectral analysis o f  interference 
flowing in rail circuits). A lso input signal can be am plified w ith the help o f  the operational 
am plifier in 10 tim es. That is necessary for recording signals from coils autom atic locomotive 
signal system  in a range from 0 up to  500 mV. That expands area o f  application o f  the given 
device.

The lim iting am plifier is intended for restriction o f  an A DC input from voltage at a level 
5,5 V. It provides high input resistance o f  a hardw are-softw are com plex to prevent influence 
o f  m easuring system  on w ork devices o f  autom atics and telem echanics.

The op tron’s b lock is necessary  for increase protect from interference and reliability  of 
w ork o f  m easuring system . It provides galvanic division betw een analog and digital parts. 
There is pulse interference in rail circuit som etim es. A t the use galvanic division the failure 
take place only in A D C  circuits that is som e choices o f  data will have lim iting value 5,5B. 
After d isappearance o f  a interference the device will begin to  w ork in a norm al m ode, and the 
arisen o f  its is traced by  program .

The m easuring  device connects to the PC through parallel port (LPT). The block of 
m ultiplexers has 16 inputs and needs for the conform ation o f  A D C w ith the LPT-port of 
com puter. That gives possib ility  to  control up to 6 digital signals transm itting on an input of 
the logic analyser sim ultaneously, w hich supervises presence o f  a code.
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4. A LG O R ITH M  O F FU NCTIONING OF DEV ICE

A lgorithm s o f  processing  signal by  the device for the checking o f  param eters o f  code 
current on the hardw are and softw are levels are given on a Fig.4.

Fig.4. A lgorithm s o f  processing  o f  a  signal at a hardw are and softw are levels

The discretization frequency o f  input signal records in the program  tim er before the 
beginning o f  processing o f  a signal. The program  tim er gives com m and “start-up o f  signal 
transformation” . It develops w ith the given interval. On ending transform ation A DC gives out 
a command “readiness o f  data”, that causes hardw are interruption o f  LPT port o f  computer. 
The subprogram  o f  processing o f  interruption carries out reading the data from the ADC into 
the buffer o f  the com puter’s RAM .

The digital processing o f  a signal and analysis o f  the data is carried out w ith the help o f 
special program . Its algorithm  is show n on fig.4.

The drift com pensation o f  input signal allows to exclude o f  an error w hich is brought in 
by the interface b lock o f  the hardw are and influence o f  voltage o f  displacem ent o f  the input 
cascade o f  a m easuring com plex (operational am plifier and ADC).

The signal averaging is used at the analysis harm onic signals. It calculates a spectrum  o f 
a signal not on one sam ple, and on several. Result averages. I f  it is necessary to investigate 
pulse interference, the averaging block is excluded by program.

The procedures o f  digital filtration o f  signal are included in structure o f  the software. 
There is frequency w ay o f  filtration on the base o f  Fast Fourier T ransform ation. Early there is 
analog filters. It is know n that the digital filters has the follow ing advantages in front o f 
analog: the high stability  o f  discretization frequency (this property is realized at a hardw are 
level and is caused by the application o f  the quartz generator), sim plicity o f  reorganization 
frequency the characteristics, possibility o f  realization o f  several types o f  filters at once.
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The scaling allow s to  transfer a digital code in values o f  a real signal o f  controllable 
param eter. T hat is necessary  for check o f  correctness o f  transform ation o f  a signal and for 
preparation o f  a signal for the analysis.

The approxim ation. For the processing o f  w ritten signal there is possibility  to  apply os 
subprogram  o f  linear or splay approxim ation for reception o f  interm ediate results between 
sam ples. The linear approxim ation has sm aller accuracy, but it allow s to process the large 
data files w ith high speed and can be used for a tentative estim ation m easurem ent results and 
at the analysis given w ithout the high requirem ents to accuracy. The precision data can be 
received w ith the help splay approxim ation, but it requires the large com puting opportunities.

The graphic part is in tended for realization o f  the m an-m achine interface and 
m anagem ent o f  processes o f  digital processing o f  a signal, analysis o f  the data and 
m anagem ent o f  the hardw are o f  a m easuring com plex and w as described in [2],

The driver LPT port is necessary  for an exchange o f  the inform ation betw een the PC 
and hardw are o f  a m easuring device. U se o f  the given driver allows to function to the 
softw are under operational system s W indow s-98 or -2000. It gives possibility  to connect the 
registers o f  parallel port and to  carry out processing hardw are interruptions acting from ADC.

The hardw are-softw are com plex provides executing o f  the follow ing functions: 
m easurem ent and check on conform ity to  the requirem ents num erical and tim e param eters of 
code current, definition o f  the param eters o f  rail circuits and asym m etry o f  code and tractive 
current in rails (at the recording o f  signals from  ALS coils separately), calculation of 
am plitude- and phase-frequency characteristics o f  code and tractive current, saving up to 10 
m illion sam ples, p robability  and statistic processing o f  m easurem ent signal, distribution o f  the 
recom m endations concerning a deviation o f  code signal from norm s and as for their 
elim ination.

5. M EA SU REM EN TS

The given m easuring device allow s to record a signal from an output(exit) o f  the filter, 
as it is required  the m aintenance M anual o f  devices o f  the signal system , centralization and 
block the check o f  w ork  o f  devices autom atic locom otive signalling system  (A LS), and as 
locom otive coils. R esults o f  m easurem ent: view  code signal o f  type “green” in m ode of 
oscilloscope and their spectrum  analyse is given on a Fig.5. This signal w as record  from the 
locom otive coils on the railw ay  section o f  direct current near tractive substation. Deviation in 
the num erical and tim e param eters o f  code current w as no t detected. But you can see high 
level o f  interferences in the return tractive current by  frequency o f  600, 1200, 1800 and 
2400H z, w hich are caused by the w ork o f  12-pulse rectifier.
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V iew  pf signal near tractive substation
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Fig .5. R esults o f  m easurem ent: v iew  code signal o f  type “green”  in m ode o f  oscilloscope and their 
spectrum  analyse

6. CON CLU SIO NS

The hardw are-softw are com plex for the check o f  param eters o f  a code current in rails is 
developed. The given device is m ultifunctional, as allows not only to  define param eters o f  
currents and rail circuits, and to carry out the analysis o f  an electrom agnetic situation on the 
given railw ay section and also to  determ ine a spectrum o f  interferences flow ing in a rail 
circuit. The m easurem ents can be realised on the basis o f  w orking cars - laboratory, by 
recording a signal from  reception coils, and on railw ay section at connection o f  the equipm ent 
to a rail circuit or feeder o f  return tractive current.
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