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ALTERNATING CURRENT WANE RELAY 

Wilho K. Maenpaa, Rochester, N. Y., assignor to 
General Railway Signal Company, Rochester, 

Application May 24, 1947, Serial No. 750,339 
2 Claims. 

This invention relates to alternating current 
relayS, and it more particularly pertains to 
alternating current relays of the vane type. 

Alternating current vane relays are generally 
of the two-phase, or split-phase, type in which a 
continuously energized local winding at a rela 
tively high potential provides the main power for 
relay operation, and the Vane of the relay is 
Selectively picked up or dropped away in accord 
ance with the respective energization at a rela 
tively low potential, or deenergization, of an Op 
erating winding, sometimes called a track Wind 
ing, with a potential substantially 90 displaced 
from the potential of the local Winding. Such re 
lays are used to a considerable extent in alter 
nating current track circuits in which the relays 
are normally picked up and are dropped away by 
the shunting of the track rails upon the approach 
of a train. Inasmuch as the shunting of the 
track rails is effective to reduce the potential 
across the track winding of a vane relay only to 
a limited extent, the relay must operate depend 
ably within certain margins of energization. It 
is therefore desirable that a vane relay be capable 
of applying full front and back contact pressures 
well within the margins of track circuit non 
shunt and shunt potentials. 

It is an object of the present invention, in view 
of the above considerations, to provide a means 
including a novel vane structure for causing the 
local winding to be increasingly effective, after 
the front contacts of the relay are closed upon 
energization of the track winding, to compreSS 
the relatively stiff contact springs and thus al 
low full compression of the front contact springs 
at a reduced required working current for the 
track Winding. 
Another object of the present invention is to 

cause the local winding to be increasingly effec 
tive, after the back contacts have been closed 
upon the deenergization of the track Winding of 
the relay, to compress the Springs of the back 
contacts and thus allow full compression of the 
back contact springs at a higher current value 
in the track winding. 
Another object of the present invention is to 

render the local winding increasingly effective 
to a lesser degree for compressing the front con 
tact springs than for compressing the back Con 
tact Springs to provide an additional margin of 
Safety when the relay is picked up against it be 
ing held in that position after the deenergization 
of the operating winding in case of extreme over 
energization of the local Winding. 
Another object of the present invention is 
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accomplished by the positive single phasing ac 
tion of the local winding with the vane in the 
picked-up or dropped-away position to render 
the vane relay safely operable when tilted at a 
greater angle than in the conventional vane re 
lay. 
Another object of the present invention is to 

shorten the length of the vane for the required 
number of degrees travel, without sacrifice of 
desired operating characteristics, by the use of 
holes spaced from the top and bottom edges of 
the vane, and located on a center line Substan 
tially parallel to such edges, to counteract Single 
phasing action because of Such edges Coming 
within the magnetic field of the electro-magnetic 
structure. 
Another object of the present invention is to 

provide a rugged and dependable vane relay of a 
structure particularly adapted to occupy a mini 
mum amount of space when plug coupled to a 
Suitable vertical plug board. 
Other objects, purposes, and characteristic 

features of the present invention will be in part 
obvious from the accompanying drawings, and 
in part pointed out as the description progresses. 
In describing the invention in detail, reference 

is made to the accompanying drawings in which 
like reference characters designate correspond 
ing parts throughout the several views, and in 
which: 

Fig. 1 is a side elevational sectional view of a 
vane relay constructed according to the present 
invention; 

Fig. 2 is a sectional plan view of the relay of 
Fig. 1 taken along the line 2-2 of Fig. 3; 

Fig. 3 is a sectional end elevational view of the 
relay of Fig. 1 taken along the line 3-3 of that 
figure; 

Fig. 4 is a diagram showing schematically an 
instantaneous condition of energization of the 
local winding when it is assumed that the track 
winding is shunted by the presence of a train; 

Fig. 5 illustrates a corresponding instantaneous 
condition of energization of the local winding of 
the vane relay, together with the condition of 
energization of the track winding when the track 
is unoccupied; and 

Fig. 6 illustrates graphically the improved op 
erating characteristics of the vane relay provid 
ing according to this embodiment of the present 
invention as compared to a vane relay of Similar 
structure but employing a conventional solid wane 
such as is generally employed in practice. 
A base B, preferably of non-magnetic material, 

is of an irregular configuration as illustrated to 
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have the general utility of providing a Support 
for a contact block , a housing for enclosing the 
contact tips when they are coupled to COOper 
ating plug contacts (not shown) of a suitable 
plug board, a support to which respective local 
and track electro-magnetic structures LM and 
TMI respectively are secured, and providing op 
positely disposed brackets and 2 (see Fig. 2) 
carrying jeweled bearings 3 and if respectively 
for journaling respective trunnions 5 and 6 
used in Supporting a vane W. 
More Specifically, with reference to Fig. 1, the 

vertically disposed base B has its upper and 
lower edges and its sides formed Outwardly to the 
right So that the edge becomes a bearing point 
for clamping the relay R to a suitable vertical 
plug board of the general character disclosed, for 
example, in the patent to J. F. Merkel, No. 
2,258,122, dated October 7, 1941. A Suitable slot, 
8 is formed in the left-hand edge of the base H, 
and about its periphery, for Seating the prefer 
ably transparent cover C, the slot containing 
Suitable resilient packing 9 for providing a sub 
stantial tight joint between the cover C and the 
base B. 
The oppositely disposed longitudinal side 

brackets and 2 extend to the left from the 
base B aS viewed in Fig. 1 on the outside of the 
electro-magnetic structures, except that the 
winding 20 of the track elitctro-magnetic stric 
ture TM extends through the center of the 
bracket f2. 
The Vertical portion of the base B has recesses 

2, 22, and 23 formed to the right as viewed in 
Fig. 1 of configuration to allow clearance for the 
track Winding 2 of the track electro-magnetic 
Structure TM, for local winding 23 of the local 
electro-magnetic structure LM. (See Fig. 2), and 
for the vane Wrespectively. 
The U-shaped track electro-magnet, TM (see 

Fig. 3) has a track Winding 2 disposed about 
the center of its core structure 25 and such elec. 
tro-magnet is secured in a vertical position to the 
base B by the Screws 26. 

Oppositely disposed from the pole pieces 2. 
and 28 of the U-shaped track electro-magnet, TM 
is an E-shaped local electro-magnet LM which 
is Spaced Sufficiently from the pole pieces of the 
track electro-magnet TMI to allow adequate clear 
ance for free passage of the vane W between the 
pole pieces of the respective oppositely disposed 
electro-magnetic structures LM and TM. 
The Vane W is of a Sector configuration as 

ShOWn. So as to be operative through the space be 
tween the two electro-magnetic structures in an 
arc of approximately 40° about the pivot point 29. 
The upper edge 3 of the vaine V is formed so 
as to be Substantially transverse to the electro 
magnetic Structures when the relay R has its 
track Winding deenergized, and the vane V as 
Sumes its dropped-away position as illustrated in 
the drawings. Similarly the lower edge 3 f of the 
vane W is formed to be substantially transverse 
Of the electro-magnetic Structures and nearly 
even. With the lower edge 32 (see Fig. 5) of the 
core 25 of the track electro-magnetic structure 
TM when Such vane is fully operated to its 
picked-up position in a manner to be hereinafter 
described. The upper and lower corners of the 
Vane W are cut at points 33 and 3& respectively 
to permit a minimum size for the structure of 
the relay R and yet maintain the above described 
Substantially 40 operation at a relatively large 
radius from the pivot point for providing maxi 
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4. 
mum mechanical advantage in the actuation of 
the contact pushers P. 
The vane W has two 'elatively large holes 35 

and one Smaller hole 36 formed therein along a 
center line 3: Substantially parallel to the upper 
edge 38 of the vane W and Spaced from that edge 
a distance to be hereinafter considered When 
considering the node of operation and operating 
characteristics of the relay R. Similarly the 
three Small holes 33 are formed along a center 
line 39 substantially parallel to the lower edge 
3 of the Wane W and Spaced fron Such edge a, 
distance to be hereinafter specified in consider 
ing the node of operation of the Irelay R. Al 
though various materials may be employed for 
the structure of the Vane W, aluminuin has been 
found to be preferable for obtaining relatively 
quick operation, but copper can be satisfactorily 
employed if a longer operating time is tolerable. 
With reference to Fig. 1, two laterally disposed 

90° brackets fé are illustrated as being Suitably 
connected as by the livets 38 near thei1 ends to 
the opposite Sides of the vaine W i8ar its upper 
and lower inside corners. A back stop plate (33 
is Secured to Suitable ears formed at the inside 
edges of the legs of the brackets 38, and similarly 
the front Stop plate 63 is suitably secured to the 
inside edges of the legs of the brackets 38. 
With reference to Fig. 2, it is illustrated that 

the brackets $3 are laterally spaced by a suitable 
Spacer 46 and that respective left and right trun 
nions and 6 are Suitably Secured as by the 
bolts 65 through the brackets and the spacer 
44. Such trunnions are journaled in suitable 
jeweled bearings 3 and 4 respectively which are 
Oppositely disposed along a center line transverse 
to the Vane V, the hearings 3 and 3 being ad 
justably secured within the respective bracket 
arms and 2 of the base B. The jeweled bear. 
ing Stud 6, for example, is threaded into the 
bracket 2 so as to allow adjustment, for endplay 
and for properly centering the vane V laterally 
Within the air'gap between the poles of the elec 
tro-magnetic structures LIA and T.M. When 
Suitable adjustment of the jeweled studs 3 and 
8 is effected, such studs are locked in their 
properly adjusted position by lock nuts & S. 
The respective left and right trunnions Ei and 

6 also serve as lever arms to which are pivoted 
respective pushers P for operating the various 
relay contacts. Thus it is illustrated in Fig. 2 
that each of the trunnions 5 and g has a short, 
lever arm at each side of which is pivoted a 
pusher P for operating a particular pair of relay 
contactS. With reference to Fig. 1, one of the 
pushers is illustrated as being pivoted by the pin 
48 which is journaled in a clip 49 as well as a 
lever arm 47. The clip 43 is suitakly secured to 
the lower portion of the pusher operating crank 
47 by the Screw 52. Such clip has ears is a formed 
UpWardly over the outside of the pushers P to 
maintain Such pusher in position on the pin 48. 
The Vane W and the brackets 4:3 are counter 

balanced to a considerable extent by the adjust 
able counterweight CW which is adjustable along 
the threaded Stud 52. The stud 52 is suitably 
Secured Within the Spacer $3, and the counter 
Weight CW is locked in its adjusted position by 
the lock nuts 53. It will be noted with reference 
to Fig. 1 that the stud 52 for the counterweight 
CW extends at an angle to the center line of the 
Vane W and bracket & 2 assembly so that maximum 
counterweight is applied at a time when the 
Weight of the vane and bracket provides maxi 
mum torque about the pivot point, 23. Thus it 
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is desirable that the center line of the counter 
Weight Stud 52 be substantially 17° above the cen 
ter line of the bracket 40 and vane V assembly in 
Order that a stubstantially constant torque may 
be maintained throughout the mid-position op 
eration of the relay. 
Each of the pushers P is illustrated as being 

effective to actuate movable contact fingers 54 
and 55 to Selectively open and close contact with 
the respective front and back fixed contact fin 
gers 56 and 5 in accordance with the picking 
up and dropping away of the relay R. 
The contact fingers 54, 55, 56, and 5 are 

Suitably Secured within the contact block 
Which is formed of insulating material, such block 
O being Suitably secured to the base B as by 

the bolts 58. The contact tips 59 extend from 
the contact fingers 54, 55, 56, and 57 through the 
back of the block (to the right as viewed in Fig. 
1), and thus provide electrical connection of the 
respective contact fingers to Suitably plug board 
contactS (not shown) when the relay is coupled 
to a plug board. In addition to the resiliency of 
the respective contact fingers, additional spring 
preSSure is applied to the front, and back con 
tact fingers 56 and 57 by the springs 60 and 6 
respectively in order to maintain a relatively 
high Contact pressure when the contacts are 
Closed to insure good electrical contact and to 
provide a desired amount of wipe for keeping 
the contacts clean. 
The pushers P extend upwardly through the 

respective movable contact fingers 54 and 55, and 
by the jaws 62 engage operating knobs 63 which 
are Secured to the respective contact fingers, the 
pushers P actuate the movable contacts 54 and 
55 up and down in accordance with the rota 
tion of the vane W about its pivot point. The 
jaws 62 of each of the pushers P are maintained 
in engagement with their respective knobs 63 by 
the Spacer fingers 64 which are suitably secured 
back of the pushers P after the insertion of the 
pushers P through Suitable slots in the movable 
Contact fingers 54 and 55. 
The Wires connecting the respective local and 

track windings of the electro-magnetic struc 
tures are Suitably secured to respective Wire ter 
minals 65 (See Fig. 3) imbedded in the contact, 
block G, which terminals have contact tips 66 
(see Fig. 1) for the coupling of the respective 
windings 2 and 24 of the relay R, to plug con 
tacts of the plug board (not shown) to which the 
relay R is to be coupled. It it thus illustrated in 
Fig. 3 that the Wires connecting the local Wind 
ing 24 are connected to respective Wire terminals 
65 at the left of the relay contacts, and the 
winding connections for the track Winding 29 are 
shown as being secured to respective Wire termi 
nals 65 at the right of the relay contacts. Four 
terminals 63 are illustrated as being provided by 
each of the windings because each of the wind 
ings is assumed to be double Wound in order to 
provide a number of different Combinations Un 
der which the energization of the relay R can be 
effected in accordance With the requirements of 
practice and the potential available for its en 
ergization. 

Respective left and right longitudinal sleeves 67 
(as viewed in Fig. 2) are suitably Secured to the 
base B So that Such sleeves extend through the 
cover C and thus provide a means by which the 
cover C can be secured in place by Suitable brack 
etS 68 which are threaded on to the sleeves 6 
on the outside of the coVer C and to Which a 
Seal (not ShoWn) can be applied in accordance 
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6 
with the requirements of practice. The sleeves 
67 fit over Suitable mounting rods (not shown) 
of a plug board of the character disclosed in the 
above mentioned patent to J. F. Merkel, and by 
use of Suitable means (not shown) threaded on 
to the ends of the rods against the ends of the 
SleeVeS 67 of the relay R, the relay R is secured 
to the plug board. 
The extent of rotation of the Wane W about 

its pivot point 29 is limited by the bumper 69 
against Which the respective back stop and front 
stop plates 43 and 42 are actuated. The bumper 
69 is preferably of resilient material such as 
rubber to absorb the shock when the vane picks 
up or drops away against the respective front Or 
back stop, and such bumper is centered by suitable 
Spacers 70 and a stud if extending transverse to 
the Vane W and between the legs of the brackets 
'O. The Stud is threaded through holes in 
the brackets and 2, and the entire assembly 
of bumper 69 and spacers 70 is rigidly locked in 
position by the tightening of the nut 2 on to 
the threaded left-hand end of the Stud . 
In accordance with general practice where dif 

ferent types of relays, and relays having dif 
ferent contact combinations are plug coupled to a 
single plug board, it is desired that registration 
means be employed whereby the respective types 
of relays can be coupled to the plug board only 
in their particular allocated positions. Such 
registration can be conveniently accomplished by 
providing each relay with a registration plate 
having holes formed therein in locations Char 
acteristic of the location of registration pins on 
the portion of the plug board to which the re 
lay is to be assembled. It is thus provided that 
the relay R of the present invention has a regis 
tration plate 73 Suitably secured to the base B 
and so disposed as to cooperate With registration 
pins of a suitable plug board (not shown) to 
which the relay is to be coupled. 
Inasmuch as the relay R is contemplated for 

use in a row along with other types of relayS 
which do not ordinarily require aS much Space as 
that required by the operation of the vane of the 
relay R, through its 40° of novement, it is desired 
that the size of the base mounting of the relay R. 
be maintained of a Standard dimension adapted 
to cooperate in a plug coupled manner With 
standard plug board sections (not shown). It is 
thus provided that the base B is of an elevational 
dimension (See Fig. 1) Corresponding to the 
Standard elevational dininension of other types of 
relays to be used on the Sane plugged hoard Or 
ganization, but in order to allow for the full 
operation of the vane W throughout its 40° nove 
ment, a well is formed in the lower side of the 
cover C to allow the extension of the Vane out 
Side of the Substantially rectangular outline of 
the relay R, which outline dinneilsions is standard 
to the other types of relays as inentioned above. 
According to this arrangement a slot 4 (See 

FigS. 1 and 3) is formed in the lower side of the 
Substantially rectangular cover C to allow the 
vane W to extend through the lower side of the 
cover C and within the auxiliary well cover W 
Which is particularly formed to accommodate the 
general configuration of the portioi of the vane 
W which extends through the lower Side of the 
case C. The well W as illustrated in Fig. 1 has 
its ends is aid is formed at angles Such as to 
provide proper clearance for the vaine in its 
dropped a Way position, and Such as to act With a 
camming action upon the Vane upon the removal 
and insertion of the cover. It will be readily 
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apparent that the cover is removable only by 
longitudinal movement (see ifig. 1) to the left of 
the position in which it is normally seated against 
the base B, and in removing the cover in this 
manner when the vane W is dropped away, the 
inclined surface of the well W, by acting 
against the oute edge of the vane W raises the 
valne V sufficiently to allow the complete removal 
of the cover. It is general practice that the cover 
C is sealed closed, and there is little occasion to 
Teino We the coVel' from the relay R. In case there 
is work to be done on the relay R, it is general 
plactice to reinOWe the relay from the plug board 
and replace it. So as to cause a niinimum amount 
of interruption in the Operation of the signaling 
Systein. After the relay has been renoved from 
the plug board, an authorized perSon may break 
the Seal of the relay and remove the cover to 
clean or adjust relay contacts or perform other 
iinaintenance operations which may be required. 

Having thus described Specifically the struc 
ture of the relay R providing a coording to this 
einkodiment of the present invention, considera 
tion Will now be given as to the mode of the 
operation of the relay and a theory by which 
Slich inode of Operation is helieved to be accom 
plished. 
The local and track electro-magnetic struc 

tures LMS and TM respectively have windings 24 
and 2 which are energized by respective local 
and track sources of energization as is indicated, 
for example, in Figs. 4 and 5. Ein Fig. 4, alternat 
ing current energy is indicated as being applied 
through the COIntirol switch 33 to the local wind 
ing 24 from a Suitable source of alternating cur 
rent, while the track winding 23 is illustrated as 
being connected to an alternating current source 
through the track rails of a track. Section. Be 
cause of the character of the windings, including 
their relative resistances, a substantially 90° 
phase displacement is accomplished between the 
local and track windings 24 and 22 so as to set up 
effectively a jotating field within the electro 
Inagnetic Structures when both windings are 
energized so as to attract the vane W to its upper 
Operated position, generally known as its picked 
up position, Stich Vane being dropped away when 
energy is applied to only one winding of the 
electro-imagnetic structure. By this arrange 
132&nt a Substantial aimount of power for operat 
ing the relay is furnished by the relatively high 
voltage local electro-magnetic structure LM, but 
the cooperative energization of the track Winding 
2 is required to cause vaine rotation to its picked 
up position. 
The general principle of operation of a vane 

'elay of the character described is Well known to 
those fainiliar with the art alld for a considera 
tion of the present invention, it is believed suffi 
cient to aSSlane that the energization of both 
Windings having currents displaced substantially 
90° is effective to produce magnetic fields in the 
electro-ragnetic Structures extending through 
the Vane W in a manner to effectively shift maxi 
Inlinn flux density from the lower to the upper 
portion of the electro-magnetic structures as 
viewed in Fig. 4, and thus provide a so called 
l'otating field to cause the vane W to be rotated 
about its pivot point in a direction corresponding 
to the direction of movement of the Inagnetic 
field density cutting the Vane W. it is well known 
that the rotation of the vane W is caused by the 
action of magnetic fields set up in the wane be 
cause of eddy currents caused in the vane by 
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8 
magnetic fields linking electro-magnetic struc 
tures. 
The node of operation of a relay as has just 

been described will be readily recognized as that 
of any conventional Vane relay, rather than being 
particularly characteristic of the relay R ac 
COrding to the present invention. The rotation 
of the vane W about its pivot point when it is 
attracted from a dropped aWay position is effec 
tive in the first portion of its operation to move 
a Way froin the back Stop (33 as indicated accord 
ing to the chart of Fig. 6. After a certain amount 
of rotation has been accoa.plished, the back con 
tacts are Opened, and there is a mid-position 
Operation of Several degrees before the closing of 
the front contacts of the relay is rendered effec 
tive. After the front contacts are closed, the 
continued rotation of the vane V compresses the 
SpringS 63 aSSociated with the front, contact fin 
gerS 53 for providing the required amount of 
Spring pressure to insure low resistance continu 
ity of cil'cuits through the contacts, and for pro 
Viding a desired amount of contact wipe to keep 
the Contacts clean. The vane V continues to 
rotate until the compression of the front con 
tactS 58 is fully established to the desired pres 
Sure, and at Such titae the rotation of the vane W 
is Stopped when it is limited by the front stop 42. 
Upon considering the movement of a vane as 

has been described, it will be readily apparent 
that the initial operation of the vane is aided 
by the back contact pressure to the point where 
the opening of the back contacts is rendered 
effective, and inversely, Subsequent to the closure 
of the front contacts, the front contact spring 
preSSure is increasingly effective to retard the 
motion of the Vane, and thus increased current 
is required progressively for the rotation of the 
Vane Subsequent to the closure of its front con 
tacts. 

It is a Well knoWin principle in alternating cur 
rent magnetism that there is a tendency for a 
homogenous piece of non-magnetic sheet, metal 
having edges coming within the limits of an alter 
nating electro-magnetic field to assume a position 
in Which the losses are the least, or in other 
Words to assume a position centered within the 
alternating current electro-magnetic field. 
With reference to Fig. 1, therefore, applying 

these fundamental principles, if it, were not for 
the holes near the upper edge of the vane V, 
there Would be a tendency for the vane to be 
driven upwardly by the flux at the upper hole of 
the local electro-magnetic structure because of 
the upper edge 3) of the vane V being within 
the magnetic field of such pole. This effect upon 
the vane by the local electro-magnetic structure 
IM, When the track winding 2 is deemergized, 
is conventionally called a single phasing action 
upon the Vane. Such single phasing action is 
obviously undesirable in that the allowable coun 
terweighting of the vane is required to be re 
duced in order that gravity of the vane acting 
in Opposition to that single phasing action may 
apply a particular Specific amount of pressure 
against the back stop when the track winding is 
deenergized. If less counterweight, is provided, it 
is thus inherent in the organization that a higher 
Working current is essential for the operation of 
the relay. 
The Solution generally applied to a problem of 

this character in a vane relay would be to in 
crease the length of the vane sector to an amount 
Whereby the upper and lower edges of the vane 
never materially enter the electro-magnetic fields 
of the local electro-magnetic structure. By such 
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Organization, there would be no unbalancing of 
the losses within the electro-magnetic field aSSO 
ciated with either of the poles of the local electro 
magnetic structure, and therefore there would be 
no objectionable single phasing action with the 
vane in its dropped-away or picked-up position. 

In accordance with the requirements that the 
dimensions of the vane relay be kept Within a 
particular standard size as has been heretofore 
set forth, there is no room available for the ex 
tension of edges of the Vane Sector in this emi 
bodiment of the present invention to an extent 
whereby single phasing action due to the upper 
and lower edges of the vane would be ineffective. 
To overcome this undesirable Single phasing a C 
tion (conveniently called negative single phasing 
action) with respect to the upper edge of the 
vane W according to Fig. 1, the Vane W has holes 
35 and 36 formed therein along a center line 37 
Space from and substantially parallel to the up 
per edge 30, the amount of Spacing of the cen 
ter line 37 from the edge 30 being determined 
in a manner to be hereinafter more specifically 
described. 

It will be readily apparent from the curves W. 
and W2 of Fig. 6 and from the description as it 
is hereinafter set forth that the size of the holes 
determines the degree to which the negative sin 
gle phasing action of the upper edge of the Vane 
is counteracted, and it is further provided that 
if the holes are made large enough, a positive Sin 
gle phasing action is rendered effective which is 
strong enough not only to counteract the oppoS 
ing and undesirable negative Single phasing ac 
tion of the upper edge 39 of the vane W but also 
to develop a certain amount of torque to aid in 
overcoming the pressure of the back contact 
springs 6 as required to urge the Vane W back 
stop plate 43 against the buimper 69. 
Although other combinations of sizes of holes 

can be used to accomplish similar results, accord 
ing to the present embodiment, the outside holes 
35 are made relatively larger than the Smaller 
center hole 36 so as to provide the desired effect 
and yet maintain sufficient mechanical structure 
to prevent warpage of the vane W. A slot formed 
parallel to the upper edge 30 of the vane could 
obviously accomplish a similar result if prop 
erly spaced from such edge, but slotted vanes 
have been found to be more subject to Warpage, 
and furthermore more desired operating charac 
teristics of the relay R have been found to be 
obtained by the use of the holes in the vane W 
rather than by the use of a slot. 
A similar structure Will be found as applied to 

the holes 38 located along a, center line 39 par 
allel to and spaced from the lower edge 3 of the 
vane V except that the holes 38 associated with 
the lower edge 3 of the vane W are of a uniform 
size and a smaller diameter than the holes 35 
and 36 that are associated with the upper edge 
30. The center line 39 of the holes 33 aSSociated 
with the lower edge 3 of the vane W is Spaced 
slightly closer to the associated lower edge 3 
than the spacing of the center line 37 of the holes 
35 and 36 from their associated upper edge 30 
for purposes to be more apparent as the descrip 
tion progresses. 

Having thus considered reasons for the Spe 
cific structure of the vaine W in a general nanner, 
consideration will now be given with reference to 
Fig. 6 as to the improving operatiing character 
istics which are obtained by the above described 
wane structure. The curves of Fig. 6 illustrate 
comparative curves of operating characteristics 
of two vane relays of similar structure except 
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10 
that the curve W shown dotted is the operating 
characteristic of a relay having a vane of the 
size and configuration as illustrated in Fig. 1 but 
having a solid vane (without holes), and the 
curve W2 shown as a Solid line represents the op 
erating characteristics of the Vane relay R ac 
cording to the structure Specifically shown and 
described in this embodiment of the present in 
Vention. 

Considering first the operating characteristics. 
obtained by a Sinilar Vane to the Vane W but 
Without holies, energy Will be aSSunned to be ap 
plied in varying degrees to the track winding for 
the building up of operating current. Such op 
erating current is plotted as Ordinate of the chair 
acteristic curve W to produce Vane rotation 
which is plotted as abSciSSa. 

It is thus illustrated in Fig. 6 that if the op 
erating current in the track Winding 20 is in 
creased, the vane rotation progresses So as to 
move the Vane fron its back Stop position to the 
point 83 of the curve at Which the back con 
tacts are opened. The Vane rotates through the 
mid-position with little increase in current re 
quired, and upon the closure of the front con 
tacts of the relay R, at the point 84 in the char 
acteristic curve, the operating current required 
to provide further rotary motion of the vane is 
Ynaterially increased because Such current is re 
quired in order to overcome the compression of 
the contact Springs "S) of the front contacts 36. 
Thus the slope of the characteristic curve be 
comes steeper at the point 84 where the front 
contacts are made, and considerable current is 
required to drive the vane to its fully picked-up 
front stop position. This amount of current re 
quired to drive the wane front stop 42 against 
the bumper 69, conveniently called the working 
current of the relay, is represented by the point 
85 of the characteristic curve W for the relay 
having a Solid Vaine as has been described. It 
will be noted that the upper end of the curve 
has an upWard slope because of the negative 
single phasing action of the lower edge of the 
Vane. A Similar negative Single phasing action 
is illustrated at the lower end of the curve W. 
Although the characteristic curves W.2 and 

V shown are for only the pick-up operating 
characteristic of the vane under consideration, 
it Will be readily apparent to those skilled in the 
art that similar characteristic curves are ob 
tained for the dropping away of the vanes, ex 
cept that the drop a Way characteristic curves 
fall slightly below the pick-up characteristic 
curves due, for example, to a certain Small 
amount of gravity action of the Vanes required 
to overcome the friction of the jeweled bearings 
as compared to the overcoming of such friction 
by Operating current. When taking the pick-up 
operating characteristic values of the vane. 
The improved operating characteristics of the 

relay R. With the vaine W provided according to 
the present invention over the operating char 
acteristics of a similar relay having a conven 
tional Solid Vane is readily apparent upon con 
paring the curves W and W2 of Fig. 6. Tha 
curve V2 for the Vane W (with holes) is illustratei 
as providing desirable characteristics allowing 
use of a lower track Working current, the de 
sirability of Which Will be hereinafter discussed, 
and it is also illustrated that the vane W is con 
pletely dropped away with its back stop 43 
against the bumper 69 at a higher operating 
current value than would be effective if it were 
not for the holes formed therein, 
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It is believed that the operating characteristic 
of the vane V according to curve W2 can best 
be understood by first considering Specific coll" 
ditions illustrated in Figs. 4 and 5. Considering 
first the conditions effective when the track rails 
are shunted by the presence of a train as illus 
trated in Fig. 4, potential applied to the track 
winding 2G is reduced to its minimum point of 
energization which is determined by the resist 
ance of the track shunt applied by the presence 
of a train. Under such conditions the action 
upon the vane V is principally that of the mag 
netic field of the local electro-magnet LM Which 
cuts the vane V particularly in portions Opposite 
the three respective pole pieces 86, 87, and 83 of 
the local electro-magnetic structure F.M. 

It is thus apparent in Fig. 4 that the Center of 
the upper pole piece 86 of the structure I. Mi i8 
approximately the center of a magnetic field cut 
ting the valne V at that pole piece, and the ac 
tion of such field in cutting the vane V at the top 
edge 3 would have a tendency were it not for 
the holes 35 and 36 to operate the Wane a Way 
from its back stop position, the amount of Single 
phasing action in this direction (conveniently 
called negative single phasing) being determined 
to a considerable extent by the relative distance 
of the upper edge of the vane V from the centei 
of the electro-magnetic field cutting the vane at 
the upper pole piece 86 of the local electro-mag 
netic structure LM. 

Similarly the holes 35 and 36 in the vane V 
along the center line 37 parallel to the upper edge 
30 act to cause a countersingle phasing action 
(conveniently called positive single phasing) of 
the vane in a direction to counteract the nega 
tive single phasing action due to the upper edge 
35 of the vane that would be present if it Were 
not for the holes 35 and 36. The positive single 
phasing action tends to drive the back stop 43 of 
the vane V with greater pressure against the 
bumper 69. This is true because the center line 
3 of the holes 35 and 36 is below the magnetic 
center of the upper pole piece 36 of the electro 
magnetic structure LM, and therefore the tend 
ency of the vane W is to equalize the opposing 
positive and negative single phasing effects. It 
will be readily apparent that the single phasing 
effects are opposing because the upper edge 30 
and the holes 35 and 36 parallel to such edge are 
on opposite sides of the center of the electro 
Inagnetic field set up through the vane V at the 
upper pole 86 of the electro-magnetic structure 
LM. In other words, negative single phasing is 
exerted to push the upper edge 30 of the vane 
upward out of the electro-magnetic field and poS 
itive single phasing is exerted to push the portion 
of the vane having the holes 35 and 36 downward 
out of the electro-magnetic field at the upper pole 
36 of the electro-magnetic structure LM. 
The degree to which the respective opposing 

positive and negative single phasing is effective is 
dependent upon the relative proximity of the top 
edge 3) of the vane and the holes 35 and 36 to the 
center of the electro-magnetic field cutting the 
Vane W at the upper pole 86 of the local electro 
magnetic structure LM, together with the size of 
the holes 35 and 36 employed. Inasmuch as the 
holes are closer to the center of Such electro-mag 
netic field and of a Substantial diameter, a result 
ant positive single phasing action is effective to 
drive the Vane W downward in a direction to in 
crease the back stop 43 pressure against the 
bumper 69. By this arrangement it is possible 
to maintain a Specified pressure against the back 

10 

20 

25 

30 

35 

40 

5 5 

60 

70 

75 

- 2 
stop With a greater balancing of the operating 
mechanism of the relay R by the counterweight 
CW, thus providing that less gravity action of 
the vane W is required to be overcome upon Oper 
ation of the vane W to its picked up position. 

Because of the positive single phasing action 
urging the back stop 3 against the bunper 69, 
it is provided as illustrated according to the curve 
of Fig. 6 that a higher operating current is re 
quired to move the vane V (with holes) from its 
back stop than would be required for the opera 
tion of a conventional Solid Vane of the Same Size. 
The Vane Without the holes would necessarily re 
duce the contact pressure applied to the back 
contacts 5 to a considerable degree because of 
the rotation of the Vane through Several degrees 
for the same value of operating current that is 
required to initiate motion of the vane W away 
from its back stop position according to the preS 
ent invention. 
Assuming the operating current of the track 

winding 23 of the relay R to be gradually in 
creased from the point at which vane rotation is 
initiated, it is apparent from the curve of Fig. 6 
that considerable vane rotation is accomplished 
with a small increase in operating cul'rent until 
the knee 89 of the curve is reached, at which 
point, the holes 35 and 38 in the vane W are shift 
ed beyond the center point of the flux cutting 
the vane at the upper pole 86 of the local electro 
magnetic structure LM, and thus the Single phaS 
ing action is effective to aid in driving the Vane 
in its assumed direction of the rotation toward 
a picked up rather than a dropped away posi 
tion. The resulting single phasing diminishes aS 
the holes move farther away from the center of 
the electro-imagnetic field. Thus, although the 
current required for a given degree of rotation of 
the Vane W is less when the vane is operating 
beyond the knee 89 than would be required if 
there were no holes in the vane, the slope of the 
curve along the line 9 is greater than along the 
dotted line 9 representing the characteristics of 
a Solid vane actuated through corresponding de 
grees of rotation. This is true because of the 
diminishing effect of the Single phasing action 
A. the hole 35 and 35 in the electro-magnetic 
ed. 
When the Vane W has been rotated to a posi 

tion to open the back contacts, the holes 35 and 
36 are moved out of the electro-magnetic field of 
the upper field of the electro-magnet LM, and 
the operating current required for the rotation of 
the Vane through the mid-position is Substantial 
ly the same as would be required for a vane hav 
ing no holes formed therein as illustrated by the 
coincidence of the curves of Fig. 6 through the 
mid-position. 
ASSuming the vane W to be rotated to a posi 

tion at Which the front contacts become made, 
the firont contact pressures acting to retard rota 
tion calls for an increase in operating current in 
the track Winding 2, and as rotation of the vane 
W further progresses, the holes 38 along the cen 
ter line 39 parallel to the lower edge 3 of the 
Vane enter the magnetic field set up through the 
Vane W at the lower pole 88 of the electro-mag 
netic Structure LMi, and the action of the field 
under such conditions is to attempt to repel the 
entry of the holes 33 into the magnetic field to 
an extent dependent upon the proximity of the 
holes 38 to the center of such electro-magnetic 
field. It is thus illustrated in Fig. 6 that the por 
tion 92 of the curve W2 increases in slope as com 
pared to the slope of the curve W of the conven 
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tional solid vane because of the so called nega 
tive single phasing effect of the holes 38 until the 
center of the electro-magnetic field is reached at 
the knee 93 of the curve V2 at which point there 
is no single phasing action because of the holes 
being on center with the electro-magnetic field 
cutting the vane W at the lower pole 88 of the 
electro-magnetnc structure LM. 
As current is increased to carry the Vane W 

beyond its degree of rotation at the knee 93 of 
the curve V2, relatively little increase in operat 
ing current of the track winding 20 is required 
to overcome the negative effect of the front Con 
tact springs 60 because the pressure of such 
springs is overcome to a considerable extent by 
the single phasing action of the holes 38 Which 
becomes a positive action when Such holes have 
passed the center of the electro-magnetic field 
at the lower pole 88 of the local electro-magnetic 
structure LM. It will therefore be apparent that 
the holes 38 are effective to provide a positive 
single phasing effect aiding the track operating 
current, to overcome the front contact Spring 
pressure required to be overcome before the ro 
tation of the vane V can be completed to a point 
where its rotation is limited by the front stop 42. 

It is therefore provided that a lower track 
operating current is required for a working cur 
rent by use of the holes 38 along the center line 
39 parallel to the lower edge 3i of the vane V 
than would be required to actuate the front Stop 
42 of the wane against the bumper 69 without 
the aid of the positive single phasing action pro 
vided by such holes as is indicated by the dif 
ference in operating current of the curves Vf and 
V2 at points 85 and 94 respectively where the 
Vane rotation is completed to its picked up posi 
tion as limited by the bumper 69. In other words, 
the working current required from the track 
circuit for operation of the relay R by use of 
the vane W with holes 38 parallel to its lower 
edge 3 is materially less than the working cur 
rent that would be required if the vane Were 
formed without holes. - 

Because of the center lines 37 and 39 of the 
holes being Substantially parallel to the respec 
tive upper and lower edges 30 and 3 of the vane 
W, maximum positive single phasing action is 
accomplished acting to hold the stop 42 or 43 
Of the vane W against the bumper 69 when the 
Vane W is fully operated to its respective picked 
up or dropped-away position. This is true be 
cause such center lines extending slightly be 
yond the center of the magnetic fields of the 
respective poles 86 and 88, without being ma 
terially acted upon by the magnetic fields set 
up up the center pole 87 of the local electro 
magnetic structure LM. 

If the center lines 37 and 39 of such holes were 
radial with respect to the pivot point 29, the 
holes would be differently spaced from the centers 
of the magnetic fields with which they cooperate, 
and thus in order to position the center line of 
the holes so that one hole would provide optimum 
Operating characteristics, the other holes would 
be improperly spaced from the center of the 
electro-magnetic field, and such improper spac 
ing could well cause a negative single phasing 
action because of the extension of such holes 
into the magnetic field cutting the vane at the 
center pole 87 of the E-shaped electro-magnetic 
structure LM. It has been found in practice that 
the desired location of the center line 37 of the 
holes 35 and 36 in the vane W is at a point sub 
Stantially opposite the inside edge 95 of the pole 
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14 
of the local electro-magnetic structure LM with 
which Such holes Cooperate. 

It has been found with respect to the location 
of the center line 39 of the holes 38 that it is 
desirable to locate such center line relatively 
closer to the edge 3 of the vane W than the 
location of the center line 3 with respect to the 
upper edge 30. Thus, rather than locating the 
center line 39 of the holes 38 directly opposite 
the edge 95 of the local electro-magnetic struc 
ture LM when the relay is fully picked up, the 
center line 39 of such holes is located slightly 
below the edge 96 of the pole piece 88, With the 
relay R in its fully picked up position, in order 
that the holes 38 may not enter to any great 
extent the relatively strong magnetic field set 
up through the center pole 87 of the local electro 
magnetic structure LM, particularly by the field 
established in the track electro-magnetic struc 
ture TM as is illustrated by the dotted lines of 
Fig. 5. Thus, in order to prevent a negative 
single phasing action to be effective because of 
the entrance of the holes 38 into the field at 
the center pole 87 of the electro-magnetic struc 
ture LM, it is desirable that Such holes be spaced 
farther away from the center pole 87 when the 
relay is fully picked up, than the spacing of the 
center line 37 of the holes 35 and 36 from the 
upper side of the pole piece 87 when the relay 
is fully dropped away. 
The general nature of signaling circuits asso 

ciated with track circuits is such that circuits 
involving safety are selected through front con 
tacts of normally energized track relays, thus 
providing that any failure of the track relays 
to pick up, or any failure causing the track relays 
to be dropped away is on the side of Safety in 
that a more restrictive signal indication is ren 
dered effective according to such failure. It is 
thus highly desirable that the dropping away of 
each track relay to provide a more restrictive 
signal indication be definitely effected in response 
to a train shunt, irrespective of any abnormal 
conditions which may exist as to the energization 
of the local Windings of the relays involved. 
More specifically, if the possibility of line Wires 

becoming crossed, or other extraneous conditions 
Which could materially increase the potential 
applied to the local winding of the local electro 
magnetic structure LM of a track relay becomes 
a consideration, it is desirable that such increased 
energization can in no manner hold up the track 
relay by means of the positive single phasing 
action which has been described when the track 
Winding of that relay is shunted by the presence 
of a train in its associated track section. It is 
therefore desirable to limit the amount of posi 
tive Single phasing effect of the local electro 
magnetic structure LM which acts to aid in ac 
tuating the front stop 42 of the vane V against 
the bumper 69 in order that the dropping away 
of the relay R is insured to provide the desirable 
Signal indications in response to a train shunt, 
irrespective of any abnormal condition of over 
energization that may occur with respect to the 
energization of the winding 24 of the local electro 
magnetic structureLM. 
Inasmuch as the maintaining closed of the 

back contacts 57 of the relay R because of an 
abnormal energization of the local electro-mag 
netic structure would be on the side of safety, 
a greater positive Single phasing action of the 
local electro-magnetic structure can be tolerated 
in order to provide improved operating charac 
teristics without affecting the safety of operation 
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of the signaling system. It is thus in accordance 
with these conditions that it has been found de 
sirable to use larger holes in the vane W along 
the center line 37 associated With the upper edge 
36 of that vane, as compared to the size of the 
holes 33 along the center line 38 associated with 
the lower edging 3 of the vane W. 

Because of the principle of restoration of vane 
relays by gravity, it is obvious that the tilting 
of a relay of this character from its predeter 
imined operating position is effective to change 
the operating characteristics of that relay, and 
tilting the relay to ainy considerable extent re 
SultS in failure of the relay to properly close its 
Contacts. 
The relay R according to the present inven 

tion can be dependably operating when tilted to 
a considerably greate extent from its described 
Operating position than Vane relays of the con 
Ventional type because of the positive single phas 
ing action. Which is effective to aid in maintain 
ing the Vane W in its respective picked-up or 
dropped-away position, irrespective of a con 
Siderable change in the force of gravity of the 
Vane because of the relay being tilted. 

Having thus considered specifically the operat 
ing characteristics of the relay R having a vane 
W provided according to the present invention, 
it is believed expedient to consider to Some ex 
tent the advantages of the operating character 
istics obtained as applied to the use of such re 
lay in alternating current, track circuits. It is 
Well knoWn to those familiar with the signaling 
art that a track relay which is normally ener 
gized When no trains are present in its asso 
ciated track circuit, aust be dropped away upon 
entrance of the train into that track section be 
CauSe of a reduction in potential applied to the 
relay effected by the train shunting the track 
rails. The resistance of the train shunt Varies 
frola time to time in accordance with various 
Conditions, and the track relay illust be suffi 
Ciently Sensitive to be dropped away to apply 
full back, contact pressire Within the reduced 
inargin of potential applied thereto in accord 
ance with the maximum track shunt resistance 
to be encountered in plactice. Thus, inasmuch 
as the relay rust be responsive to a reduction 
of potential between that irequired for providing 
Working current of the relay and that at which 
the back contacts have full contact pressure ap 
plied thereto, it is desirable that the required dif 
ference in potential between these conditions be 
maintained as Snall as possible. 
Another way of considering the problem as 

described above is that the track shunt may be 
effective to reduce the potential applied across 
the track relay by a certain percentage, and as 
the potential ornally applied to the relay is re 
quired to be high, the reduction of Such potential 
by a percentage upon applying a train shunt to 
the track tails would still maintain a particular 
potential across the relay which would have a 
tendency to retard the application of full back 
contact pressure. 

It is therefore of considerable utility accord 
ing to the present, invention that the margin be 
tWeein the Working current, and the current at 
Which the back contact, pressure is fully applied 
is loweled to a considerable degree under the marr 
gin which is generally inherent in vane relays 
having conventional Solid wanes. Such margin 
has obviously been accomplished at both ends of 
the operation of the vane relay in that the holes 
35 and 36 associated with the upper edge 30 of 
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the vane W effectively reduce the Working current 
required to be applied to the track Winding When 
the aSSociated track Section is unoccupied, and 
the holes 38 associated with the lower edge 3 
of the wane W are effective to increase the operat 
ing current of the track Wilding at Which full 
back contact pl‘eSSure is applied and the back. 
Stop 3 of the vane W is a cated against the 
buimper 69. It is therefore provided that a vane 
relay constructed according to this embodiment 
of the present invention will provide dependable 
operation under poor track circuit shunt condi 
tions that lower the margin of potential differ 
ence between shunt and non-Shunt conditions 
of the track circuit. 

Having thus described a Specific wane type relay 
as one embodiment of the present invention, it is 
desired to be understood that this for n is Selected 
particularly to facilitate the disclosure of the in 
vention rather than to limit the nuIber of forIAS 
which the invention may assume, and it is to be 
further understood that various adaptations, 
alterations and modifications inay be applied to 
the specific form shown to meet the requirementS 
of practice. 
What I claii is: 
1. A vane relay compirising in COrbitation, tWO 

elevationally disposed electroinagnetic Structures 
opposite each other, one of Said electrognagnetic 
Structures having three poles elevationally dis 
posed one above the other, and the other of Said 
electromagnetic structures having two larger 
poies, one of the larger poles being disposed op 
posite a first pole and a portion of a Second pole 
of the three pole electiroagnetic Structure, and 
the other of the larger poles being disposed op 
posite the third pole and a portion of the SecGild 
pole of the three pole electromagnetic Structure, 
a vane elevationally disposed to be irotated be 
tween Said electroinagnetic Structures about a 
fixed pivot point, said wane being 1'estored by 
gravity to a particular limit position upon the de 
energization of but one of Said electroliagnetic 
structures Subsequent to a time when both elec 
tromagnetic structures have been energized, said 
Vane When in Said particular position having a 
top edge Which falls Within a ragnetic fieid ex 
tending through said one large pole and through 
Said first pole, Said top edge extendiiig Substain 
tially parallel to but, Spaced about a horizontal 
center line extending across Said first pole, and 
Said Vane When in Said particular position having 
a plurality of openings foilined thereiin along a 
Ceinter line Within Said ragnetic field through 
Said first pole, but Spaced below and substantially 
parallel to Said horizontal center line of said first, 
pole to an extent COInparable to the Spacing of 
Said upper edge above that horizontal center line, 
and Said vane Whe in Said particular position 
having an integral portion with no openings 
formed therein extending opposite the other two 
poles Of Said three pole electroinagnetic struc 
ture, whereby the flux of either electionagnet 
alone has no effect upon novement of the Vane 
at Said Second and third poies, but the fix at 
Said first pole tends to maintain said vane in 
Said particular position. 

2. A Vane relay comprising in CObination, two 
Oppositely disposed electromagnetic structures, 
One of Said electromagnetic Structures having 
three poles respectively disposed one above the 
Other, and the other of Said electronagnetic 
structures having two larger poles, one of the 
larger poles being disposed opposite a first pole 
and a portion of a Second pole of the three pole 
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electromagnetic structure, and the other of the 
larger poles being disposed opposite the third pole 
and a portion of the second pole of the three pole 
electromagnetic structure, a vane elevationally 
disposed to be rotated upwardly to a particular 
energized position between said electromagnetic 
Structures about a fixed point by a rotating field 
Set up upon energization sinultaneously of both 
of Said electromagnetic structures, said vane be 
ing restored by gravity upon the deemergization 
of one of Said electromagnetic Structures When 
both electromagnetic structures have been ener 
gized, Said Vane When Operated upwardly to Said 
particular position having a botton edge which 
falls within the magnetic field extending through 
Said other large pole and through said third pole 
of said three pole electromagnetic structure, said 
edge being Substantially parallel to but spaced 
below a horizontal center line extending acroSS 
said third pole, and Said Vane When in Said par- : 
ticular position having a plurality of openings 
formed therein along a center line within Said 
magnetic field through said third pole but Spaced 
above said horizontal center line of Said third 
pole to an extent substantially comparable to 
the spacing of Said lower edge below that hori 
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ZOntal center line, and said vane when in Said 
particular energized position having an integral 
portion with no openings formed therein ex 
tending opposite the other two poles of Said three 
pole electromagnetic structures, whereby the flux 
of either electromagnetic structure alone has no 
effect upon the movement of the vane at said first 
and second poles, but the fiux at Said first pole 
tends to maintain said vane in Said particular 
energized position. 

WITHO. K. MIAENPAA. 
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