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MODEL 15 VANE RELAY 

· PRINCIPLES OF OPERATION 

The operating member of this relay is a slotted alum
inum vane enclosed by two separate magnetic circuits 
which act inductively on the vane and cause it to rotate 
when the windings of both magnetic circuits are ener
gized by alternating current. The relative positions of 
these two magnetic circuits and the vane in its mid
stroke position will be seen from Figs. A, B and C. It 
will be noted from Figs. A and B that one of the mag
netic circuits consists of two "C" shaped laminated iron 
cores separated by an air gap in ,vhich moves the vane. 
This magnetic circuit has two sets of poles located near 
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• 
the center of the vane. These cores with their coils are 
called the "local'~ element since they are usually ener
gized from a local source, receiving the larger part of the 
energy required for the operation of the relay. 

The second magnetic circuit consists of a single "C" 
shaped core with but one pole located near the periphery 
of the vane on a line midway between the local poles, as 
·will be seen from Figs. Band C. This magnetic circuit 
witfr its windings is called ·the "control" element. This is 
the element which receives power from the track circuit 
when the relay is used as a track relay, in which case it is 
known as the "track" element. The presence of current in 
this element when the local is also energized causes the 
vane to move from its deenergized position, the direction 
of the rotation being governed by the relative. directions 
of the currents in the two elements of the relay, thus mak
ing it possible to use it as a three position (polarized) 
relay. 

To understand how the torque is produced on the 
vane, refer to Figs. A, B and C. If we consider the 
plus ( +) and minus (-) signs to indicate the instantane-
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ous polarities of the terminals of the windings at a given 
instant the arrows will show the directions of the cur
rents in the two elements and of the fluxes produced by 
these currents. The dotted lines in Figs. A and C show 
the paths of the fluxes in the "local'' and "track" cores 
respectively. In Fig. B the circles with dots or crosses 
in them, ( 0 or EB) show how the fluxes are passing from 
the pole faces either out of the plane of the paper to
ward the reader or into it a way from the reader. 

The local flux, passing across the air gaps and through 
the vane induces currents in the vane by transformer 
action, the instantaneous directions and paths of which 
are indicated by the arrows on the dotted lines i in Fig. 
B. The local coils can be considered as the primary 
of a transformer, the local magnetic circuit as the trans
former core and the vane as the secondary coil. The 
radial slots in the vane cause the induced currents to 
flow in a nearly horizontal direction in front of the pole 
faces of the ''track" core. The action between these in
duced currents in the vane and the "track" flux pro
duces a force on the vane which causes it to move up 
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or down depending on the relative directions of the cur
rent and flux. If the directions are as shown in Fig. B 
the vane will move up. This can be seen from the ele
mentary theory of a D. C. or A. C. series motor, the 
operation of which depends on the fact that when a con
ductor carrying a current is placed in a magnetic field 
a force acts on the conductor in a direction at right 
angles to both the conductor and the flux. 'I:he direc
tion of this force can be determined from Fleming's "left 
hand rule" which is the reverse of the "right hand rule" 
for a generator, described in the "American Railway Sig
naling Principles and Practices,'' chapter X, page 13. 

If the forefinger of the left hand represents the direc
tion of the flux from the track core and the middle finger 
represents the direction of the current in the vane ( see 
Fig. B) it will be found that the thumb points upwards, 
indicating that the force tends to move the vane up
wards. Reversal of the direction of the track flux by 
reversing the connections to the track terminals would 
cause the vane to move downwards. 

5 



"\Ve also know from the elementary theory of the 
electric motor that the force acting on a conductor carry
ing current in a magnetic field is proportional to both 
the strength of the current and the strength of the field. 
From this it can be seen that if the current is small, a 
stronger field will be required to obtain a given force 
on the conductor than will be needed if the current is, 
large. In this way, by inducing heavy currents in the 
vane the required vane torque can be obtained with a 
relatively weak field in the air gap of the track element. 
This is useful in that it enables the greater part of the 
power required by the vane relay to be applied to the 
local element which induces large currents in the vane. 
... A,.. small amount of power applied to the track element 
supplies the necessary flux in the track core to operate 
the relay. This is important as a long alternating cur
rent track circuit is a very inefficient transmission line 
on account of its low ballast leakage resistance in wet 
weather. Track circuits of the lengths ordinarily used 
may require from 200 to 700 times as much power at the 
secondary of the track transformer as the amount which 
reaches the track element of the relay. By using a two 
element relay which needs a very small amount of power 
in its track element it is therefore possible to operate 
these long track circuits without the expenditure of too 
much power at the track transformer. 

In our discussion so far we have not considered the 
phase relations of the a-c. currents in the two elements 
of the relay but it can be readily seen that the phase 
relations have an important bearing on the operation of 
the relay. The currents and fluxes in the two elements 
of the relay are continually fluctuating between maxi
mum positive and maximum negative values through 
zero. The condition for the greatest torque on the vane 
is that the currents in the vane and the flux in track 
element reach their maximum values at the same instant, 
that is, that they be in phase. If the vane current if: 
zero at the instant the track flux is maximum, that is, if 
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they are 90° apart in phase, no torque will be produced. 
The local flux: is in phase with the local current and 

this flux induces in the vane an e. m. f. which lags the 
flux 90 °. This e. m. f. ca uses a current to flow in the 
vane which is nearly in phase ·with the e. m. f. or 90° 
out of phase with the local current. 

The track flux is in phase with the track current, 
-therefore, if the vane current is to be .in phase with the 
track flux, it is necessary for the local flux and current 
to be 90° out of phase (in quadrature) with the track 
flux and current, since it was shown above that the vane 
current is 90° out of phase with the local current. \Ve 
thus see that the maximum torque is produced when the 
currents in the local and track element are in quadrature. 
(Note: This does not hold for the rel av with a con-
denser in its track element, however, as will be pointed 
out below). 

The power factors of both elements are very low 
when the relay is not supplied with phase shifting de
vices. On 60 cycles the local has a P. F. of 0.25 (75°) 
and track element at P. F. of_0.40 (66°). 

The phase relations between local, track and vane, 
voltages, currents and fluxes for quadrature current and 
flux relations are shown in Fig. D. It will' be seen from 
this diagram that for the condition of maximum torque 
the voltage of the two elements are nearly 90.0 apart as 
well as the currents. 

With the vane relay arranged as so far described_ it 
is possible to obtain the proper phase relations for good 
operation in short and medium length track circuits by 
the use of a resistor between the track transformer and 
track. Similarly when the relay is used as a line relay 
the proper phase relations are obtained by inserting a 
resistor in series with the "control" circuit external to 
the relay or by winding the coils of the "control" element 
with resistance wire to a high resistance. 

For long track circuits or ones of medium length 
having very low ballast leakage resistance to obtain 
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proper phase relations it is necessary to use a reactor 
between the track transformer and track and to either. 
raise the power factor of the local element by inserting 
a resistor in series with it or to connect a condenser in 
parallel with the track element. The second method is 
most commonly used since it does not require the ex
penditure of extra watts in the local element and since 
it also effects a saving of at least 50% in the volt
amperes required by the track element. "\Vhen the con
denser is used it is connected to a secondary winding on 
the track core as shown in the diagram Fig. E. Each 
of the track coils has two windings, one of a few turns 
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connected to the track terminals of the relay·, the other 
of many turns connected to the condenser. This makes 
the track element a "step-up" transformer and enables 
a small commercial telephone condenser to be used and 
produce the same effect as if a large condenser having 
about 8;000 times the capacity were connected directly 
to the track terminals. Electrically, the small condenser 
connected to the high tension winding, (Fig. E) is equiv
alent to the large condenser connected in parallel with 
the track winding (Fig. F.) the phase relations of which 
arrangement are shown in Fig. G. 

If et represents the voltage at the track terminals, the 
current it will be composed of two components, one im 
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the magnetising current which produces the track flux 
pt, the other ic the condenser current, which leads the 
voltage by approximately 90°. The vector sum of these 
two components it can be made to be in phase with the 
voltage et by properly adjusting the capacity of the con
denser. It will be noted that the value of it is less than 
one-halfof i·m, which would have been the track current 
had not the condenser been used, thus a saving of more 
than 50% in the track element volt-amperes is effected. 
This effect is the well known phenomenon of current 
resonance which will be found described in any alternat
ing current textbook. But more important than this is 
the fact that the track flux instead of being in phase with 
the track current lags the total track current by about 
.70°, which makes it possible to obtain approximately 
quadrature local and track flux relations under nearly 
all track conditions by using a reactor between trans
former and track, even with. the low power factor local 
of this relay. lT nder various track circuit conditions 
such as different lengths, rail bonding or ballast leakage 
resistances the phase relations may vary considerably 
from exact quadrature as will be found by laying out 
vector diagrams of the track circuits as described in 
Chapter XIII of the Union Switch & Signal Company's 
.A .. C. Handbook. In this case the quadrature operating 
values of the relav track element should be increased as 
described on page" 435 of the A. C. Handbook. 

10 



t 

MODEL 15 VANE RELAY . 
MECHANICAL OPERATION 

Reference to the illustration above vvill show the 
3-position J\1odel 15 vane relay with its case re
moved. The vane V rotates in jeweled bearings and 
transmits motion through link L to contact bar B 
which turns in be:.=:trings supported from top plate P. 
Contact springs S connected by flexible conductors to 
terminal posts T engage with terminal posts Pf and 
Pb closing circuits through the front row of posts Pf 
when the vane moves up and through the back row Pb 
when the vane moves down. 
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Counterbalance arms Ae and Ar are attached to the 
contact bar by connecting links C slotted at their lower 
ends. With the vane in the middle position pins con
necting these links to the counterbalance arms rest at 
the bottom of the slots in the links and the adjusting 
screws D rest on the base of the relay. ..A .. s the vane 
moves up arm Ae is lifted up by, link· C and the-other 
link is free to move down through arm Ar on account of 
the slot in the lower end of the link. Arm Ae then 
exerts a torque which restores the contact bar and vane 
to their middle positions when the torque on the vane is 
removed by deenergization of the track element. 

Similarly, when the vane is moved down electrically 
counterbalance arm Ar is lifted and in turn restores the 
vane to mid-stroke when the relay is deenergized. The 
weigl1t of the vane is exactly counterbalanced by the 
nuts N. In the two position relay the counterbalance 
arms Ar and Ae and links C are removed. The weight 
of the vane is only partly counterbalanced by a single 
nut N so that its weight causes it to move down when 
the relay is deenergized until it strikes bottom roller 
stop Rb, closing the back contacts to posts Pb. T·he 
leads from the local winding are connected to terminal 
posts Te and the leads from the track winding to posts 
Tt. 
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MODEL 15 VANE RELAY 
TESTS AND INSPECTION 

For general information on the testing of a-c. relays, 
refer to Chapter X of "American Railway Signaling Pri_n
ciples and Practices" published by the Signal Section, 
A.R.A. In general, line relays can be tested from a 
single phase source in accordance with Fig. 52 or 53. A 
100-ohm resistor should be_ used. _Non-condenser track 
relays can be tested from a single phase source in ac
cordance with Fig. 48, 49, 50 or 51. Relays having con
densers in their track elements can usually be tested in 
accordance with Fig. 46 or 47. This latter test requires 
a reactive testing transformer. If two or three phase 
power is available these relays can be tested with con
nections as shown in Fig. H of accompanying diagrams. 
If power from a three phase circuit is used, the operating 
values of the track element will be about 10% higher 
than those marked on the relay tags on account of the 
phase relations not being quite in quadrature. 

The service release value of a 3-position relay or a 
2-position relay with a :1/2-inch operating crank on the 
vane should be not less than 70% of its pick-up value. 
The service release value for a 2-position relay with a 
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l,4-inch operating crank should be not less than 80% 
of its pick-up value. If the relay will not operate on 
values near those marked on its tag either its windings 
may have been damaged or its condenser may have been 
short-circuited. The condenser can be tested by dis
connecting one of the leads to it and placing it with a 
25 watt, 110 volt tungsten lamp in series across a 110 
volt, 60 cycle line as shown in Fig. J. If the lamp lightt 
up it will indicate that the condenser is short-circuited 
and should be replaced. If the lamp remains dark thE 
condenser is in good condition and a fault in the relay 
windings is indicated. 

If a relay fails to release on the proper percentage of 
its pick-up value excessive friction is indicated in its 
moving parts and the relay should be carefully gone over 
to determine and remove the cause of this friction. 
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MECHANICAL INSPECTION 

The following points should be observed in inspect
ing the l\ilodel 15 relay for mechanical defects. 

1. The end play of the vane shaft and the contact 
bar in their bearings should not be less than 0.010 inch 
or more than 0.015 inch. · 

2. All contacts, except middle contacts, should be 
·~ -adjusted to an initial tension of 0.4 oz-., that is, referring - · 

to Fig. K, a weight of 0.4 oz. at "\,V" should be necessary 
to barely move flexible phosphor bronze spring "F" a way 
from the brass, supporting piece "S." If the tension is 
less than 0.4 oz. it can be increased by inserting an "L" 
shaped tool "T" shown in dotted lines between flexible 
contact finger and insulating stud, and then pressing 
down on the end of the tool. This tool may be made 
from -r17/' by lJt:" phosphor bronze strip. Middle contacts 
should have an initial tension of 0.2 oz. 

3. For three-position relays, the normal and reverse 
contact openings should be ls"· when the relay is in the 
deenergized position and the middle contacts should be 
open 6\" when either normal or reverse contacts are just 
made. 

For two-position relays having a 1.Jt:" vane crank, the 
front contacts should be open 1\" when the vane is just 
touching the back roller stop and the bac~ contacts 
should be open :l:/' with the front contacts just making. 
VVhen the vane crank is 1/2", the front contacts should be 
open frl" when the vane is just touching the back roller 

DiC?grarn or Conroe-I- .Spring. 

rig. K. 
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stop and the back contacts should be open 1/8 " when the 
front contacts are just making. 

These adjustments give ;/-:/' compression at the con
tact spring tips of the back contacts when the relay is 
deenergized and at least 3\" compression of the front 
contacts when the vane is just touching the front roller 

· stop. -

All similar contacts should make at the same time. 

4. Any loose particles of graphite on the contacts 
should be cleaned off with a fine file. 

5. ."The air gap between the pole faces of the mag
netic circuit should be fro:m 0.090" to 0.095". 

6. The minimum clearance between the vane and 
the pole faces should be at least 0.023" in all positions of 
the vane. 

7. It should be noted that all connecting links be
t"reen the moving parts, move freely without binding. 

8. The vane and contact bar bearings should be 
examined and cleaned at least once every two years. 

9. It should be noted that the lock nuts on the bear
ing screws have been tightened after removal of the 
screws for examination. 
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