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ABSTRACT. In this papoer 1t has beon shiown how the notwoik problem mvolving
oloctrie raldwny systems, can be solved using 1elaxation technique  The present method utr-
Lises the sel ol hinenr simultancous equations which are obtuned with the help of Irehofs
Inwy of electrical network, and shows how Lo solve thom  The reluxaLional solution us obtaimed
15 seen to be quite usoful boenuso 1t gives the values of the iknown voltages nt all the nodal
points smimultancously

ITINTRODUCTLON

Tn the olecirie railway systems (Starr, 1946). a definite eloctrical problem 1s
difficult 1o be formulated due to the Huctuating loads. Butl assuming the Toads
simulating the typical operating conditions the problem can be solved by different
methods, which entaal much more labour with the increase of nodal pomts in the
corresponding network. But the method discussed m this paper shows ity wd-
vantage in the sense that the inereaso in the number of nodal points does not gene-
rally bring about more complication in solving the problem.

In this network system as shown in Fig 1 the supply vollages, resistances
of the trolley, foeders and rails, and ampore loads at the designated locutions are
known. The equivalent circwit diagram can be drawn as in Fig 2. Considering
tho nodal points of the Fig 2, a sel of linear simullancous equations can he ob-
tamed at each of thom applying Kirchoff s laws of networks and these equations
are then solved by relaxation method

THE METHOD

In this method the following linear simultancous cquations are obtained if
the required nodal points of the equivalent crcuit diagram aro considered.

Honce :
At A, I,—(V—Vp)gap—(Va—Vplgap—( Va—Volac

-_01

C, (Va—Vo)ga0—(Vo—Va)cs—(Vo—Vlen =)

B, (V4—Vg)gap+(Vo—Vo)ics—Inp =0 1
D, (V4—Vp)ap+(Ve—Vp)cp—Ipp’ =0 )
B, Iy +(Vo—Ve)gon = (Ve —Valisa =0

D', Ipp—(Vp'—Vo)'9pr0.~ (Vo ~Valgp s =0
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Fig. 1. Diagrum for notwork in Electric  Jig. 2. Kquivialent diagram for Networl in
Railway Systom Electric Raillway System.

whore

I,4 is the current flowing towards A,

Ipp coeeennns through the branch BS,

Ipn oot DD,

Voo potential at the nodal point 4, 4
[ T B,

Ve oo «,

| D,

Viareoios e A’ = zero (earth point)

Va i B’

Ve oo ¢,

Vv PR PR D',

gan = V1|R4p, where R ,pis the resistanco of the branch 4B,

gac = R4, -..... Ryg eeenicinnnns e AC, B
gap = VRaps -ve-- Byp oot AD,

gop = /Ryp, .- ... Bop coieiniiiiiiiieennns s CB,

gop = 1/Reps ------ B L7 PN CD,

gpe = 1/Bp g oo Bprgr covvnminiiiie B'C'

gpa =1 RBp g .. Bpogrcoveeriiniieiins ...B'4’,

gp'0’ = 1By e ... Rprgr cvvennnee e D'C',
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Tho above set of equations after necessary sunplification and rearrangement
can be writlen as shown Lelow :

L=V a(Gant9apF+040)+ Vogapt Vodgao+Vogun = 0 = F,
Vagac+Vsges—Velg.ic-) dentgep) - Vaden —0="F,
Va9an—Vu@ap+aon) | Vegor—1Inp =0--F, 2
Vagand Vegon—Vpgap+gen)—Iny =0 F ®)
Ipp—Vy 9y v 1-9na)+Ve'gerw 0= Fy
Ipp —Vplgp o490 a)+ Vedpo =0=1F,

where £y, Iy, Fy, F,, Fg and Fy a1e the resilunls  Tho values of the unknowns
shown 1 the relation (2) cun he easily found out whon the residuals are liguidated
by relaxation method. To liquidate them the hasic nnit, block aud group oporations
are caruied out (Alen, 1954). In basic unmit oporation (Table I) tho changes in
tho values of the residuals due Lo unit positive increment of tho unknowns are found
out. With the help of hasic unit operations suitable hlock and group operations
can be performed in which equal simultaneous, and unequal simultanoous mero-
ments are given 1espectively Lo more than one unknown to bring about the changes
in some roquired residuals without affocting the 1est  Tn the relaxation table
(Table TT) the use of hasic, hlock and group operations are shown in tho liquida-
t1on steps, number 2 and 6; 1 and 5, and 3, 4 and 7 respectively.  The liquidation
is nearly complete in those seven steps yieldmg the values of the unknowns.  The
following illustration will ¢learly show the merit and utihly of the method.

ILLUSTRATTON

This dlustrating example describod hereafter s solvod by Dawes (1952) hy
conventional method.

1n Fig. 1 thero is shown a snnplo railway systom with a ring connocted trolloy
and a single foedor connected to the busbars at 4 and to the trolley systom at C.
Tho station busbars at A4’ are maintained at 600 volts, bushar A heing positive
and A4’ being negative and grounded The resistance of the busbar is negligible.
The rosistance of the overhead trolley is as follows : 4, to B = 0.30 ohm, B to
¢ = 0.20 ohm, C to D = 0.20 chm, D to 4 = 0.28 ohm. A feeder connocted
from A to C and its resistanco 11 0.25 ohm. The resistance of the rail and the ground
roturn is as follows : A’ to B’ = 0.40 ohm, B’ to 0" = 0.25 ohm, " to D' = 0.25
ohm, D’ to A’ == 0.36 ohm. A trolley car at BB’ takes 70 amps and a car at DD’
takos 80 amps. It was desired to detormumo (a) Current in cach section of trolley
and in feeder, (b) Vollages at each car and at {oeding point UC'".

Considering tho equivalent cireuit diagram shown in Fig. 2 of the railway
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system shown m Fig 1, and substituting the numerical values in relation (2)
the following set of equations can he written :

3.833V,-4Vo+3 571V, —63924 _ 0 =F,

5Vp--14V+5V | 2400 —0=—F,
— 8333V -} 5V -+ 1930 -0 - Fy

5V g—8.5T1V 54 2062.6 _o0—r, r o @3
—6.5V 4V +T0 ~0—F,
4V —6.TIRV 480 —0=F,

On liguidating tho residunls of tho relation (3) almost completely, the valuos
of the potentials at the said nodel points are obtained correct to the roquired limit
of acouracy. From those values of potentials and the supplied values of different.
roswslances, the currents i the various branches of the network wanted in the
illustration can bo casily calculated as given below :

14 = 49.86 amps, whore 145 is the current lowing through AB,

Iy =5591,, ... T gty eevmees et e AD,

Lyge — 7075 ,, oo Lpge e e o e wa

Tpogr =T944 ,, ... Ly fr weeens v e e ma,

Too =4348 ,, ... Tgc oo oo, . AC,

Igy ==2044 ,, ... Tog oo e e e OB, ’
Ig, —23.93,, ... R D,

Ipgr =060 , ...... T e et e e,

Tgipg =060 ,, ... Toige oo e e o'’

Vgy: — 556.74 volts, Vyy bemg the voltage at the trolley car at BB,

Vppr = 56574 5, e Vppr ceere aovee oo aeeeervieseeneeeneenns D,
Ve ==2845 ,, ... Vigr ceverries ceeenieeis e e foeding pomt €,
Ve =08013,, ... VG eemrraeeeeeetes e ¢,

The ahovoe values as calculated by reluxution method are quite comparable
with those found out by the other mothods of network analysis (Dawes, 1952),
shown in the table bolow (Table ITT).

DISCUSSION

This method is seen to yicld the values of the voltages at differont nodal
points simultaneously, from which the calculations of the other desired quantitios
become very quick and easy.  Although with the incroase of the number of branches
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or nodal points the network hecomes complicated, with some practice this method
needs practically no extra labour in solving the problem. In the relaxation table
(Table II) the residuals are not lLiquidated completely and consequently their
values are reduced to narrowest possible limita so that the desired limit of accuracy
of the values can be achievod.
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