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AN A PPLIC ATIO N  OF T H E  STRATEG Y „LEADING TO THE T A R G E T ” 
TO M O D U LA T IO N  OF W A G O N S SPEED IN M A RSH ALLING  YARD

The paper p resents the system  o f  m odulation o f  w agons speed in the process o f  shunting. 
The system  is an im plem entation  o f  the ‘leading to the ta rg e t’ strategy, that is based on tw o fundam ental 
elem ents: contro lled  poin t re tarders located along the m arshalling  track and  its control that reduces kinetic 
energy o f  runn ing  w agons in the w ay that the shunted w agon arrives w ith p roper speed to w agons 
standing on so rting  siding. T he trials o f  the system  are carried on in Poznan Franow o m arshalling  yard 
now.

R EA LIZAC JA  STRATEG II "PRO W ADZENIE DO CELU"
W SY STEM IE REGULACJI PRĘDKOŚCI W A G O N Ó W  KO LEJO W YC H  

NA STACJACH ROZRZĄDO W YCH

W  niniejszym  artyku le  prezen tow any  je s t system  regulacji prędkości odprzęgów  w  trakcie 
rozrządzania. System  ten stanow i w drożenie strategii „Prow adzenie do celu” , opartej na dw óch 
podstaw ow ych elem entach: sterow anych ham ulcach torow ych usytuow anych w zdłuż toru  docelow ego 
oraz ich sterow aniu  zapew niającym  zm niejszenie  energii kinetycznej jadących  odprzęgów  tak, 
że rozrządzany  odp rzęg  dochodzi z odpow iednią  prędkością  do w agonów  sto jących na torze 
docelow ym . B adania  tego system u są  realizow ane obecnie na stacji rozrządow ej Poznań Franow o.

1. IN TRODUCTION

In the process o f  w agons shunting it is necessary to m odulate the speed o f  running 
wagons in order to assure safe reaching a right place on the m arshalling track. G enerally, the 
retarder devices are controlled in the w ay that the w agon(s) reach the requested place on the 
about 500-700 m long track w ith the proper speed, typically below  1,5 m/s. Taking into 
consideration the variety  w agons (num ber, type and technical condition o f  vehicles) with 
different rolling and aerodynam ic resistance, and because o f  variability  o f  w eather condition,
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control is m ade in strongly non-determ inistic conditions. A dditionally, a  location o f  retarder 
devices directly  lim its possibilities to  influence a w agons m ovem ent. T ypically  used 
solutions, based on ‘fire to the target’ m ethod are sensitive on occurrence o f  disturbances and 
the supplem entary rem edies are needed, for exam ple pushing-dow n devices.
Presented solution is an im plem entation o f  “leading to the target” strategy, based on reducing 
kinetic energy o f  w agon by  turning on and o ff  point retarders, located along w hole w ay of 
running wagon.

2. T H E  K IN ETIC  M O D EL A ND  C O N TRO L TASK

A. T H E  K IN E T IC  M OD EL

On the m arshalling  track, equipped w ith point retarders and axle sensors (F ig .l) 
a w agon m oves, that both m ass and axle spread are known (Fig.2).

F ig .l.  L ocation o f  po in t re tarders and axle sensors along a m arshalling  track

movement direction

zlN zK/K

g3g4g5

Fig.2. A xle spread  o f  w agon(s)

The passage o f  a w heel o f  w agon above the axle sensor gives the actual speed Vj and 
position o f  w agon s,-. The identification m odel presented below  [5] can be used in order to 
estim ate on-line the k inetic param eters o f  running wagons.

s ( t )  =  v( t )  t i < t < t M  (1 )

v (< ) =  a( t )  t j < t  <  t M (2 )
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s( t)  = v ( t) < I < tM

K t,)  = Si 

v(<,) = vi

à (t) = âu (t)  + âg {t) + â z (t)

(3)

(4)

(5)

(6)

(7)

(9)

(8)

a Zi ~  a z ( i - 1)

à 20 = ¿0

(10)

F'z(t) = m ha 2(t)
( 1 1 )
( 12)

where:
sA(t) -  estim ation o f  w agon ’s position at the m om ent t 
vA(t) -  estim ation o f  w agon ’s speed at the m om ent t 
aA(t) -  estim ation o f  w agon’s acceleration at the m om ent t 
azA -  estim ation o f  acceleration caused by disturbances 
azA0 -in itia l acceleration caused by disturbances 
FzA - estim ation o f  disturbance force 
0V, 0S -  w eight coefficients

The control should assure that w agon reach requested point w ith minim al speed and 
minimal risk o f  stopping before reaching proper place. In view o f  variety  o f  w agons (num ber, 
type and technical condition o f  vehicles), w ith different rolling and aerodynam ic resistance, 
and because o f  variability  o f  w eather condition, control is m ade in strongly disturbed 
conditions.

For the track section, w hen issue o f  control is under consideration, we can evaluate tw o 
boundary curves o f  loss energy for turn on and o ff retarder devices -  so tw o boundary 
trajectories. The low er boundary  trajectory reflects the energy lost during the free m ovem ent 
of wagon. The upper boundary trajectory reflects energy and location o f  retarder devices 
along m arshalling track.

B. T H E  C O N T R O L  TASK
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Fig .3 . T he  perm itted  kinetic energy area and the leading curve

This boundary  trajectories determ ine the area o f  allow ed kinetic energy o f  wagon(s). 
There is the risk o f  not reaching the target point or an unsafe collision w ith standing on the 
track w agons i f  the w agon kinetic energy is out o f  the area.

O ne o f  the possib le strategies o f  control is „leading to  the target”, in w hich a trajectory 
sufficiently distant from  boundary  trajectories is choosen to leave enough safety m argin. In 
this approach, requirem ent o f  precise evaluation o f  all forces affected a w agon is not so 
strong. This m akes the m ethod  resistant to any kind o f  disturbances o f  control process.
For im plem entation o f  control assuring the proper decrease in w agon ’s kinetic energy, 
a “leading curve”, appropriate to requested trajectory, could be s e t . W ithout going into detail, 
i f  the kinetic energy is over the leading curve the retarder devices should be on position ON, 
o therw ise they are OFF.

3. IM PLEM EN TA TION

The „leading to  the target” concept is a basis o f  the SA RPO  system  -  a system  o f  speed 
m odulation o f  w agons in m arshalling yard developed and tested now  in Poland. The structure 
o f  the SA RPO  system  is bu ilt around tw o basic units:

•  Trackside devices: point retardes, axle sensors and wheel load sensors
•  D istributed control system  based on field controllers connected by CA N  type extended 

netw ork and the m ain controller w orking under QNX v.4.0 -  real-tim e operating 
system.

The system  perform s its principal function -  speed m odulation o f  w agons by the 
im plem entation o f  three subsystem s i.e:

1. L ocalisation o f  w agons subsystem
2. Estim ation o f  w agons’ speed subsystem
3. R etarder control subsystem
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The determ ination o f  w agon’s actual position and estim ation o f  speed algorithm s are 
based on the inform ation com ing from axle sensors placed on the track every 30 m. The 
passage o f  a wheel above the sensor gives the actual speed and position o f  wagon. That 
information is given only in discreet m om ents and a prediction algorithm  to determ ine on-line 
speed and position is im plem ented [5].

Speed m odulation o f  w agons relies on control o f  retarders in the w ay to  assure safe 
reaching by  the w agon the right place. The concept o f  “leading curve” is im plem ented [3]. 
The system tracks the k inetic energy o f  w agons and m inim ises the difference betw een the 
leading curve and actual k inetic param eters o f  object. The choice o f  the leading curve for the 
object takes into consideration perm itted energetic area and the kinetic param eters o f  object 
running in front.

4. EX PERIM EN TA TION

The experim entation has been m ade in m arshalling yard at Poznan Franow o station 
since Septem ber 2003. Som e results are given below:

Abbreviations
Ek -  kinetic energy o f  w agon,
F w -  leading curve,
Emax -  upper bound o f  perm itted area,
Emin -  low er bound o f  perm itted area,
Vo -  initial speed o f  w agon(s),
Vd -  speed o f  w agon(s) at target,
SH -  location o f  point retarders,
Control -  control retarders signal

Kinetic enerry & speed
20034)3-13 09:37:16 

2 x E a o s  ( 2 x 4  axle, 142 t), target - 350 itv V o  - 5,08 rrVs, V d  - 0,91 m b

Distance [m]

Fig.4. Speed m odulation o f  a loaded w agon
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2 x Eaos (2x4 axle. 421). target - 350 m, Vo - 5,28 m/s, Vd - 0,73 m/s
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Fig. 5. Speed m odulation  o f  an em pty  w agon

An analysis o f  estim ation errors for the proposed concept o f  identification o f  kinetic 
param eters o f  running w agons [5] and the experim entation results are given in the paper [4].

5. CON CLU SIO N

The im plem ented „leading to  target” concept is a very interesting solution to  improve 
efficiency o f  a b ig  m arshalling  yard as well as a sm all one. An application o f  field controllers 
and CA N  type netw ork  reduces the w iring and m akes the system  m ore reliable. A concept of 
use o f  axle sensors to determ ine the kinetic param eters o f  running w agons seem s to  satisfy the 
needs o f  tracing the k inetic energy and location o f  running wagons. The trials that are carried 
on Poznan Franow o m arshalling  yard aim  at confirm ing the viability  o f  the system .
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