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ELECTRCA RELAY 

Branko Lazich and Harry E. Ashworth, Pitts 
burgh, Pa., assignors to The Union Switch & 
Signal Company, Swissvale, Pa., a corporation. 
of Pennsylvania, 

Application January 14, 1930, Serial No. 420,736 
25 Claims. 

Our invention relates to electrical relays, and 
particularly to relays of the type comprising a 
winding and a contact which is operated at the 
expiration of a time interval of predetermined 

5 length and of comparatively long duration after 
said winding becomes energized. 
One object of our invention is to provide a 

relay of the type described in which the length 
of the time interval which elapses between the 

10 energization of its winding and the operation of 
its contact may be adjusted to any desired value. 
Another object of our invention is to provide 

a relay of the type described which is so con 
Structed as to provide maximum reliability of 

15 operation. 
We will describe one form of relay embodying 

Our invention, and will then point out the novel 
features thereof in claims. 

In the accompanying drawings, Fig. 1 is a view, 
showing in side elevation, one form of relay em 
bodying our invention, with certain of the parts 
omitted to illustrate the construction. Fig. 2 is 
a front, view of the relay illustrated in Fig. 1. 
Fig. 3 is a rear view of the relay illustrated in 
Figs. 1 and 2. Fig. 4 is a top plan view of the 
neutral armature for the relay illustrated in 
Figs. 1, 2 and 3. Fig. 5 is a view showing, oil 
a somewhat larger scale, the contact arm F for 
the relay illustrated in FigS. 1, 2 and 3, as it 
appears when viewed from the left in Fig. 3. 
Fig. 6 is a top plan View, drawn to the same 
Scale as Fig. 5, of the contact arm for the relay 
illustrated in Figs. 1, 2 and 3. Fig. 7 is a frag 
mental view showing in isometric projection the 
magnetic clutch and drive shaft 26 forming a 
part of the relay illustrated in FigS. 1, 2 and 3. 
Fig. 8 is a detail view showing the pawl and 
ratchet mechanism for rotating the drive shaft 
26 in response to oscillation of the auxiliary ar 
mature 27, as it appears when Viewed from the 
right in Fig. 1. Fig. 9 is a diagrammatic view 
showing one circuit arrangement which may be 
used with the relay shown in Figs. 1, 2 and 3. 

Similar reference characters refer to Similar 
parts in each of the Several ViewS. 

Referring first to Figs. 1, 2 and 3, the relay 
comprises a top plate A of suitable insulating 
material, such as porcelain or hard rubber, which 
serves, as a support for all of the operating parts 
of the relay. Mounted on the top plate A are 
three magnetizable cores 1, 2 and 3, the upper 
ends of which are connected together by a back 
strap 4, and the lower ends of which terminate, 
on the under side of the top plate A, in enlarged 
pole pieces 1a, 2a, and 3a, respectively. The core i 

20 

25 

30 

35 

40 

(C. 200-97) 

is provided with a coil 5 and the core 2 is pl’O- 
vided with a coil 6, each of which coils consists 
of two separate windings as will be explained 
more fully hereinafter. The core 3 is provided 
with a plurality of closed conductors. As here 60 
shown, these conductors comprise a sleeve 7 of 
Suitable material such as copper, and a plurality 
of Washers 8, also of suitable material Suicil aS 
Copper. 
A neutral armature 9 is pivotally supported for 65 

Swinging motion toward or away from the pole 
pieces l and 28 on two pivot pins 10 threaded 
through the downwardly extending lugs of a 
non-nagnetizable bracket ill which is fastened 
to the sides of the pole pieces 18 and 28 by means 70 
of Screws 12, as best seen in Fig. 1. The opposite 
ends of the airinature 9 are provided with exten 
Sions 9 and 9 (see Fig. 4) which extensions 
cooperate with two auxiliary electromagnets B 
and C, respectively. These electromagnets are 5 
Similar and, in tile forim here shown, and best 
illustrated in Figs. 1 and 2, each comprises a 
alagnetizable core 2 extending downwardly 
from a magnetizable arm. 22, and provided with 
a winding 23 and an elongated poie piece 24. The 80 
arm 22 of the electromagnet, B is attached to the 
side of the pole piece 2 by means of Screws 25, 
and the aim 22 of electromagnet C is silihilarly 
attached to the side of the pole piece 18. The 
parts of the electromagnets B and C are so ar- 85 
ranged that when neutral arnature 9 is swung , , 
away from the pole pieces 1a and 2, to its lower 
position in which it is illustrated in the drawings, 
the upper side of the pole piece 24 of electromag 
net B will be parallel to, and will engage the 90 
underSide of the extension 9 of airmature 9, 
and the upper side of pole piece 24 of electromag 
net C will be parallel to, and will engage the 
underside of the extension 9 of arrnature 9. 
The function of the electromagnets B and C 95 
will be explained in detail hereinafter. 
A plurality of contact, fingers, here shown as 

four in number, and designated 13, 14, 15, and 
16, are attached to the under Side of the airna 
ture 9 by means of insulating supports 17. When 100 
armature 9 is swung away from the pole pieces. 
1a and 28, as shown in the drawings, the contact 
fingers 13, 14, and 15 each engage a back con 
tact 18 to close contacts 13-18, 14-18, and 
15-18, while the contact finger 16 engages a back 105 
contact 19 to close a contact i5-19. When arma-... 
ture 9 is swung towards the pole pieces 18 and 
2, however, the contacts 13-8, 14-18, 15-18, 
and 16-9 are all opened, and the contact finger 
15 then engages a front contact 75 to close a con- 0 
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2 
tact 15-5, while the contact fingei 16 engageS 
a front contact 20 to close a contact 16-20. The 
front contact 75 and the back contactS 18 and 
19 are attached to termiinal posts 75, 18 and 19 
respectively, inounted on the top plate A, as 
shown in Figs. 1 and 2, wihile the front contact 
20 is attached to a similai terinal post Which 
is not shown in the drawings, but which is also 
mounied on top plate A. 
As best seen in figs. 1, 7 and 8, pole piece 3 

of core 3 is bifurcated, aid pivotally Supported 
3. its centre on a dive shaft 26 journaled in the 
bifullcations of poe piece 3, is an auxiliary ania 
ture 27. The poie gieces l and 29 have integral 
extensions 28 and 29, respectively, the pole faces 
of which overlie the ainiature 27 at its opposite 
ends. The arrnature 27 is arranged to SWing 
toward one of the other of these pole faces, non 
magnetizabia stops 30 (Fig. 8), being attached 
to the aiinature to prevent the anature from 
corning inio actual contact with the pole faces. 
The auxiliary arinature 27 is provided at One 

end With a contact, fing&r 3i (Fig. 3) which is at 
tached to the uliderside of the arriati's by Yleans 
of an insulating Support 32 and, at time othel' 
end, with a similar concact, inger 33 which is Siii 
larly attached to the aiiaature igy reains of an 
insulating support 34. When the arrature 2. 
is swung toward the pole face of extension 28 
of pole piece 18, as shown in the drawings, the 
contact finger 33 engages a fixed COini act 35 
fastened to a terminal post 35, mounted On the 
top plate A, to close a northal contact 33-35, 
and the contact finger 3i engages a fixed contact 
26 attached to a terrinai post 36, also mounted 
on the top plate A, to close a normal contact 
31-36. When armature 27 is swung to Ward the 
pole face of extension 29 of pole piece 2, OW 
ever, the contact finger 33 then engages a fixed 
contact 37 to close a reverse contact 33-37, 
and the coitact finger 3 engages a fixed con 
tact 38 to close a reverse contact 31-38. The 
fixed contact 3 is attached to a terrhinal post 
37a mounted on the top plate A, and the fixed 
contact 38 is attached to a similar terminal post 
also nounted on top plate A, but not shown in 
the drawings. While we have shown only two 
contact fingel's attached to the armature 27 for 
simplicity in illustrating our invention, it is urn 
derstood that, additional contact fingers may be 
attached to this armature When desired. 
As will be explained more fully hereinafter, the 

auxiliary armature 27 may at times be made to 
Oscillate. When this armature is Oscillating, the 
motion of the armature in one direction is trans 
mitted to the drive shaft 26 by means of a pawl 
and ratchet mechanism (FigS. , 3, and 8), the 
pawl 39 being carried by a stud 40 projecting from 
the side of the armature 27, and the ratchet, wheel 
41 being Secured to One end of the drive shaft 26. 
The pawl 39 is normally held in engagement with 
the ratchet Wheal 41 by gravity. Rotation of the 
drive shaft 26 in the direction opposite from that 
imparted to the drive shaft by the pawl and 
ratchet mechanism is prevented by a dog 42 of 
suitable resilient matelia Secured to the under 
side of the extension 28 of the pole piece 18, and 
airanged to Successively engage the teeth of the 
ratchet wheel 41 as the Wheel is rotated by the 
dog. 
Mounted on the opposite end of the drive shaft, 

26 from the ratchet, Wheel 41 is a contact arm 
designated in general by the reference character 
F. As here shown, the contact arm F comprises 
two parallel plates 46 and 47 secured together by 

1,966,965 
spacing studs 48, as best seen in Figs. 1 and 5. 
The plate 46 is provided with two integral Spaced 
lugs 46a and 46b, and Secured to a short Shaft 56 
Which is journaled in these lugs is a Worm 57. The 
Worm 57 meshes With a worm wheel 58, the hub 59 
of which extends through, and is journaled in, a 
hole 47c in the plate 47. Attached to the outer 
end of the hub 59 is a segment 60 which holds the 
worm wheel in place. The upper' end 56 of the 
shaft 56 is made rectangular in Shape to enable 
the shaft to be turned by a W'ench or other Suit 
able tool, and it will b2 apparent that when this 
shaft is turned, the worn 57 rotates the Worm 
wheel 58, thereby changing the position of the 
segment, 60 with respect to the plates 46 and 47. 
The segment 60 is provided with a Scale, as best 
seen in Fig. 3, and the plate 47 has formed on its 
lower end a pointer 478 which moves along this 
scale as the position of the Segment With respect 
to the plates 46 and 47 is varied. The reason for 
varying the relative position of the segment 60 
and the plates 46 and 47 will be explained in 
detail hereinafter. 
When the segment 60 has been adjusted to a 

predetermined position with respect to the plates 
46 and 47, it is desirable to hold the Segment in 
this position and, for this purpose, We provide a 
locking member, here shown as a strip 61 of fieX 
ible material, such as phosphol bronze. One end 
of the strip 61 is fastened to the lug 46 by means 
of Screws 62, and the other end of the strip is bent 
upwardly, and is provided with a rectangular slot 
6i, which is just wide enough to receive the upper 
eld 368 of the Short Shaft 56. When the Sides of the 
rectangular end 568 are parallel to the sides of the 
slot, 6.1a. With the parts of the arm F locked in 
this manner, when it is desired to change the 
position of the segment 60 with respect to the 
plates 47 and 48, the inclined end of the strip 61 is 
depressed as by the tool which is utilized for turn 
ing the shaft 56 until this end is below the rec 
tangular end 56a of the shaft 56, whereupon the 
shaft 56 may be rotated until the Segment 60 
Occupies the desired position. It will be apparent 
that as Soon as the tool is removed from the shaft, 
the free end of the Strip 61. Will automatically re 
turn to its inclined locking position provided the 
shaft. Occupies a positici in which the sides of the 
end 56a are parallel to the sides of the slot 61a. 
The drive shaft 26 extends through the hub 59 

of the Worn wheel 58 and through a hole 460 in 
the plate 45 with sufficient clearance to permit the 
contact arm F to rotate about the drive shaft, 
and has attached to its outer end a pinion 43 
which holds the contact arm F. On the drive shaft. 
The pinion 43 lineshes with a gear wheel 44 secured 
to one end of a, countershaft 45. The collinter 
shaft, 45 is journaled in suitable holes in the plates 
46 and 47 of the arm F, and carries. On its other end 
a pinion 49 which meshes with a gear wheel 50 
mounted on a bushing loosely journaled on the 
drive shaft, 26. The gear wheel 50 is attached to, 
or formed integral with, a clutch wheel 51 which, 
as here shown, is a knulled metal wheel, but which 
nay, if desired, be constructed of any other 
suitable material, such for example, as cork, 
leather, or a condensation product of phenol. The 
clutch wheel 5 is at times engaged by a knurled 
stud 52 forming a part of a magnetic clutch which 
We will now describe. 

This magnetic clutch, as best seen in Fig. 7, 
Comprises a magnetizable member 53, pivotally 
supported on a pin 54 carried by a projection on 
One of the bifurcations of the pole piece 38, and 
arranged to be attracted toward the pole piece 3 
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and the extensions 28 and 29 of the pole pieces 1 
and 28, respectively, when either or both of the 
coils 5, and 6 are energized. The knurled stud 52 
is attached to the lower end of the member 53 by 
neans of a short strip 52, preferably of flexible 
material, and the parts are so arranged that when 
the magnetizable member 53 is attracted towards 
the pole piece 3a and the extensions 28 and 29, 
the stud 52 will engage the clutch wheel 51 and 
prevent rotation of the gear wheel 50. Two 
counterweights 55, attached to the upper part of 
the magnetizable member 53, bias this member 
to a position in which the stud 52 is out of engage 
ment with the clutch wheel 51. 
The contact arm F is biased by gravity to a 

position in which an insulating strip 63 attached 
to the lug 468 engages a stop 73 fastened to a 
terminal post 65 mounted on the top plate A 
as best seen in Fig. 3. When the arm occupies 
this position, the strip 63 also engages a contact 
finger 64 and moves it into engagement with a 
contact finger 65 to close a contact D. The con 
tact finger 65 is attached to the terminal post 
65a, while the contact finger 64 is attached to a 
similar terminal post 64 also mounted on the 
top plate A. Suitable stops 66 are attached to 
the terminal posts 65 and 64 to limit the spac 
ing between the contact fingers when the stri 
63 is moved out of engagement with the contact 
finger 64. 
The contact arm F also controls a contact E. 

comprising two spaced contact fingers 70 and 71 
attached by means of studs 68 to a block 67 of 
insulating material, which block, in turn, is faS 
tened by means of a bracket 69 to a terminal post 
69a mounted on the top plate A. The contact 
finger 70 is provided with top and botton stops 
70a and 70b and the contact finger 71 is provided 
with a bottom stop 71a. The contact E is ar 
ranged to be closed, in a manner which will be 
described in detail hereinafter, by an insulating 
piece 72 riveted to a lug 60 formed on the seg 
ment 60 of the contact arm F. 

Referring now to the wiring diagram for the 
relay shown in Fig. 9, the two windings of the 
coil 5 referred to hereinbefore are designated by 
the reference characters 5 and 5b, respectively, 
and the two windings of the coil 6 are designated 
by the reference characters 6 and 6b. Current 
is Supplied to these windings and to the winding 
23 of each of the auxiliary electromagnets B 
and C from a suitable source, Such as a battery 
G, over a circuit controller H which may be op 
erated in any suitable manner. 
As shown in the drawings, circuit controller 

H is open so that windings 5 and 5b of coil 5, 
windings 6a and 6b of coil 6, and windings 23 of 
the electromagnets B and C are all de-energized. 
The neutral armature 9 is therefore swung away 
from pole pieces 1 and 2 so that contacts 13-18. 
14-18, 15-18, and 16-19 are closed, while con 
tacts 15-75 and 16-20 are open. Auxiliary 
armature 27 is swung toward extension 28 of 
pole piece 1, and normal contacts 33-35 and 

; 31-36 are therefore closed and reverse con 
tacts 33-37 and 31-38 are open. The contact 
arm F is held by gravity in its normal position, 
So that, contact D is closed and contact E is open. 
We will now assume that with the parts in 

the positions just described, circuit controller H 
becomes closed. Windings 5, 5b, 6b and 6a are 
therefore connected in series with battery G over 
contact 15-18, but only winding 6 becomes en 
ergized because windings 5 and 6b are short 
circuited over a circuit which includes COrtact 

3. 
13-18, and winding 5 is short-circuited over a 
circuit which includes contacts 13-18, 14-18, 
and 31-36. As a result, auxiliary armature 27 
is swung toward extension 29 of pole piece 28, and 
the magnetizable member 53 of the magnetic 
clutch is attracted to the pole piece 3 and the ex 
tensions 28 and 29 of the pole pieces 18 and 2. The 
neutral armature 9, however, is held away from 
the pole pieces 18 and 2 under these conditions 
because the windings 23 of the auxiliary electro 
magnets B and C are deemergized, and the re 
luctance of the path to the neutral arnature 
through the magnetic structures of the auxiliary 
electromagnets B and C for the fux set up by 
the winding 6a is lower than the reluctance of 
the path to the neutral armature through the 
air gaps between the pole pieces 1 and 2 and 
the neutral armature, and more flux therefore 
reaches the neutral arnature through the mag 
netic structure of the auxiliary electromagnets 
than through the air gaps between the pole pieces 
1a and 2 and the neutral arnature. It followS 
that the tractive force exerted to lift the arma 
ture 9 toward pole pieces 1 and 2 is less than 
the combined force of gravity and the effect Of 
the fux through the magnetic structures of elec 
tromagnets B and C. The contacts 13-13, 
14-18, 15-18 and 16-19 controlled by the neu 
tral arnature therefore remain closed even 
though winding 6a of coil 6 is now energized. 
When the auxiliary armature 27 is Swung to 

wards extension 29 of pole piece 2, the normal 
contacts 31-36 and 33-35 controlled by this ar 
mature are opened, and the reverse contacts 
31-38 and 33-37 become closed. Since COIn 
tacts 14-18 and 15-18 are still closed, the clos 
ing of reverse contact 31-38 short circuits wind 
ing 6a of coil 6, and the field set up by this wind 
ing commences to decay. Due, however, to the 
snubbing effect of the circuit for winding 6 and 
to the sleeve 7 and washers 8 on the core 3, this 
decay is comparatively slow. The opening of the 
contact 31-36 meantine has allowed Winding 5 
to become energized. The growth of the fux set 
up by this latter winding is comparatively slow, 
however, due to the sleeve 7 and washers 8. On 
core 3 but, after an interval of time, the torque 
exerted on armature 27 by this flux over-balances 
the torque exerted on armature 27 by the decay 
ing flux in winding 6a, and armature 27 then 
Swings back toward extension 28 of pole piece 1. 
This motion first opens reverse contacts 31-38 
and 33-37 and then closes normal contacts 
31-36 and 33-35. The neutral arnature 9 is 
still held away from the pole pieces 1a and 2. 
during this movement of the armature 27 for the 
reasons pointed out hereinbefore, so that con 
tacts 13-18, 14-18, 15-18, and 16-19 COn 
trolled by the armature 9 are still closed, and 
winding 68 therefore again becomes energized and 
winding 58 again becomes short-circuited. The 
field of winding 6a then slowly builds up and the 
field of winding 58 slowly decays, this decay be 
ing retarded by the self-inductance of winding 53, 
and by sleeve 3, and the washers 8. It will there 
fore be clear that auxiliary armature 27 is posi 
tively swung to and fro as long as circuit con 
troller H is closed and the winding 23 of the 
auxiliary electromagnets B and C remain de 
energized, and it will also be clear that a con 
siderable interval of time elapses between ana 
ture movements. It should be pointed out that 
this time interval is substantially independent of 
fluctuations of the electromotive force in the en 
ergy supply because the auxiliary armature is 
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4. 
acted upon by two opposing forces both of which 
increase or decrease as the electromotive force 
of the energy supply increases or decreases. This 
time interval, however, may be varied by varying 
the late at which the flux in this core builds up 
or decays, this variation being effected, with the 
apparatus constructed in the manner here shown, 
by varying the number of washers 8 On core 3. 

Each time auxiliary armature 27 is Swung to 
Wards pole piece 29, drive shaft 26 is rotated 
through a small arc due to the pawl and ratchet 
mechanism described hereinbefore. This rota 
tion of the drive shaft 26 is transmitted through 
the pinion 43 to the gear wheel 44 which, in turn, 
drives pinion 49. Since the magnetizable men 
bel 53 is now swung towards pole piece 3 and 
the extensions 28 and 29 of the pole pieces 1 and 
2a, gear wheel 50 is prevented from rotating by 
the engagement of knurled stud 52 with the 
clutch Wheel 51, and it will be apparent, there 
fore, that the pinion 43, gear wheel 44, pinion 49, 
and gear wheel 50 constitute a planetary drive 
by means of which contact arm F is rotated 
around the drive Shaft 26 as a pivot, the direc 
tion of such rotation being clockwise as seen in 
Fig. 3. As soon as the contact a'n has been l'O- 
tated through a Small arc, the resultant move 
nnent of the insulted strip 63 permits contact fin 
ger 64 to move out of engagement with contact 
finger 65, thereby opening contact D; and, when 
the arm has been rotated through a Sufficiently 
large arc, the insulating piece 72 attached to Seg 
ment 60 engages contact finger 71 and moves it 
into engagement with contact finger 70, thereby 
closing contact E. 
When contact E becomes closed, current from 

battery G is supplied to the Windings 23 of the 
electroinagnets 3 and C in Series if contact 31-36 
is closed, or if this contact is not closed, then on 
the naxt, operation of arnature 27 which closes 
this contact, the circuit for these windings in 
cluding, in addition to contact E and contact 
31-36, contact 14-18 and circuit controller H, 
as will be apparent from an inspection of Fig. 9. 
The windings 23 are connected in this circuit in 
Such manner that the fluxes created in the cores 
21 of the auxiliary electromagnets B and C by the 
current, in these Windings thread the cores 21 in 
the opposite direction from the flux which threads 
these cores due to current in either of the wind 
iings 5 and 6a, and the parts are so proportioned 
that, the magnitude of the flux in the cores 21 due 
to the current in the windings 23 is sufficiently 
great that the flux which threads the armature 9 
iihrough the air gaps between the armature 9 and 
the pole pieces it aind 2 under these conditions 
Will exert a torque on the armature which causes 
the arnature to Swing toward the pole pieces 1 a 
and 28. Shortly after the armature 9 starts to 
Swing toward the pole pieces 18 and 28, contacts 
4-18, lis-18, and 16-19 are opened, but contact 
13-18 is adjusted to remain closed until the ar 
mature has noved a short distance beyond the 
point in its upward travel at which the contacts 
14-18, 15-8, and 6-9 open. When contacts 
14-18 and 15-13 are opened, Winding 63. Which 
is notinally energized when these contacts are 
closed ahd contact 31-36 is closed, becomes de 
energized and, at the same time, the short circuit 
which is inorinally cornpleted for winding 5a at 
contact 14-18 when contact 31-36 is closed, is 
opened. Winding 5 is then supplied With cur 
rent in series with the windings 23 of the electro 
:nagnetS B and C over contact 13-18 which, as 
pointed out hereinbefore, remains closed after 

1,966,965 
contacts 14-18 and 15-18 are opened, and wind 
ing 52 therefore becomes energized and Supplies 
flux to the arrinature 9 in place of winding 6. The 
resistance of the windings 23 will usually be con 
siderably less than the resistance of the winding 
5a, so that the magnitude of the flux which is Sup 
plied to arnature 9 due to the current in Winding 
5a under these conditions will be only slightly 
less than the magnitude of the flux Which was 
Supplied to the ariinature 9 due to Cullent in 
winding 63, and it will be apparent, therefore, 
that the opening of contacts 14-18 and 15-18 
has very iittle effect on the torque exerted on the 
arriature tending to move the airmature toward 
the poie pieces 1a and 2. AS SOOn aS Winding 6 
becomes de-energized and winding 5 becomes 
energized in the manner just described, auxiliary 
arinature 27 stops Oscillating and this armature 
is then held in the position in which its normal 
contacts 31-36 and 33-35 are ciOSed. When 
contact 13-18 opens, the short circuit which was 
previously closed for windings 5b and 6b at this 
contact, is opened, and the windings 5, 5b, 6b and 
23 in series are then all Supplied with current 
fiOil battery G over contact E and circuit con 
troller H. So that these windings are all ener 
gized. The windings 5 and 6b are preferably con 
structed to have a coinparatively high resistance 
in order to limit to a low value the current Sup 
plied to the relay from battery G. after these wind 
ings baccine energized. When arnature 9 has 
c{npleted its upward stroke contacts 15-75 and 
16-2) become closed. As long as circuit con 
troller i now, remains closed the windings 58, 5b, 
8b and 23 will continue to be energized because 
the magnetic clutch is held in the position in 
which the Stud 52 engages the clutch wheel 5, so 
that the contact arm F is held in the position in 
which contact, E is closed. It will be apparent, 
therefore, that after the neutral armature has 
Once been attracted to the pole pieces 1 and 2a, 
this arnature will be held in the position which 
it then cccupies until circuit controller His opened 
to de-energize the relay. When this is done, the 
neitra arnature 9 drops away from the pole 
pieces 18 and 28, thereby opening contacts 15-75 
and 18-20, and closing contacts 13-18, 14-18, 
15-18 and 15-19. Furthernhore, the magnetic 
clutch di'ops away from the pole piece 3:1 and the 
eXtensions 28 and 29 of the pole pieces it and 28, 
'CSpectively, thereby permitting the contact arm 
to return by gravity to its normal position. When 
the contact arm returns to its norinal position, 
contact E is opened and contact Dioecomes closed. 
When contact becomes closed, the parts of the 3 
relay alie tilen restored to their normal positions 
in which they are illustrated in the drawings. 

it Will be noted in Fig. 9 that when al'mature 
9 is picked up, winding 6 is short-circuited by 
contact i5-75. 
connes de-energized, the Self-inductance of wind 
ing 68 retards the decay of flux which threads 
the neutral al'mature, and hence causes the 
neutral arrnature to be slow-releasing. Under 
SOil & Conditions it may be desirable to cause the . 
neutral arnature to release more quickly upon 
the de-energization of the relay and, when this 
is the case, this contact may be omitted. 
The time interval which elapses between the 

energization of the relay and the closing of con 
t3,ct E depends upon the rate at which arnature 
27 oscillates, upon the gear ratios of the plane 
taly drive for the contact arm F, and upon the 
length of the arc through which the contact arm 
F must rotate from its normal position before in 

As a result, when the relay be- i. 
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sulating piece 72 closes contact E. The rate 
at which armature 27 OScillates may be varied 
by varying the proportioning of the parts, and 
by varying the number of Washers 8 on COre 3, 
as pointed out hereinbefore; the gear ratioS of 
the planetary drive may be varied by replacing 
the gear wheels with other gear wheels having the 
desired ratio, as Will be readily understood, and 
the length of the arc through which the contact 
arm F has to move from its normal position 
in order to close contact E may be varied by Vary 
ing the relative position of the segment 60 With 
respect to the plates 46 and 47 in the manner 
which has also been previously described. It Will 
be apparent, therefore, that the time interval 
which elapses between the energization of the 
relay and the closing of contact E may be ad 
justed to any desired value. 
For any given gear ratio and proportioning of 

the parts the time interval required for the 
operation of the relay may be indicated by the 
position of the pointer 47 on the scale which is 
provided on segment 60 by suitably calibrating 
this scale so that the graduations on this Scale 
correspond to the correct time intervals. 

It is desirable that adjustments in the length 
of the time interval which elapses between the 
energization of the relay and the closing of Con 
tact E due to changes in the position of the 
segment 60 with respect to the plates 46 and 47 
of the contact arm F may be made from the top 
of the relay and, for this purpose, we provide 
a bushing 72 which is mounted in the top plate 
A in such manner that the bushing is directly 
above the vertical shaft 56 when the contact arm 
occupies its normal position, as shown in Fig. 3. 
The upper end of this bushing is threaded to re 
ceive a nut 72a, by means of which the top of 
the bushing may be closed, With the parts 
constructed in this manner, when it is desired to 
change the position of the segment 60 with re 
spect to the plates 46 and 47 of the arm F, the 
nut 72a is removed from the top of the bushing, 
and the shaft 56 is turned by a suitable tool 
inserted through the bushing 72. 
The contact D serves as a check to indicate 

that the contact arm F has returned to its nor 
mal position when the relay becomes de-ener 
gized. This contact may be used to control any 
suitable form of indicating apparatus in any 
Suitable manner. 
The normal contact 33-35 and reverse con 

tact 33-37 controlled by the auxiliary armature 
27, and the contacts 16-19 and 16-20 con 
trolled by the neutral armature may be utilized to 
control any desired circuits in any suitable man 
ner forming no part of our present invention and 
therefore not shown in the drawings. 
From the foregoing, it will be apparent that We 

have provided a time element relay in which a 
definite time interval of adjustable length and 
of comparatively long duration may be made to 
elapse between the energization of the relay and 
the closing of contact E. 
One advantage of a relay embodying our in 

vention is that, since the contacts 13-18, 14-18 
and 15-18 are included in the circuits over which 
current is supplied to the windings of the relay be 
fore contact E becomes closed, the neutral arma 
ture is positively prevented from picking up until 
this contact becomes closed. For, if, due, for 
example, to vibration or to Some fault in the mag 
netic structure of the auxiliary electromagnets B 
and C, or to excessive voltage supplied to either 
or both of the windings 5 and 6, the neutral 

5 
armature starts to move toward the pole pieces 
1 and 2 before contact E becomes closed, then, 
aS SOOn as the motion of the armature starts, 
the contacts 14-18 and 15-18 open and de 
energize the winding 5 or 68 which is then 
energized, so that the armature 9 immediately 
returns to its lower position. 
Another advantage of a relay embodying Our 

invention is that due to the construction and 
arrangement of the parts a high degree of ac 
cuiracy in the time required for the Operation 
Of contact E is obtained. 

Still another advantage of a relay embodying 
Our invention is that the relay is constructed With 
a minimun of parts arranged to provide maxi 
nunn reliability of operation. 
Although. We have herein shown and described 

only one form of relay embodying our inven 
tion, it is understood that various changes and 
modifications may be made therein within the 
Scope of the appended claims Without departing 
from the Spirit and scope of our invention. 
Having thus described our invention, what we 

claim is: 
1. A relay comprising an electromagnet, a first 

member which is Oscillated when Said electro 
magnet becomes energized, a Second member con 
trolled by said electronagnet, a contact, and 
means controlled by Said Second menber and 
responsive to Oscillation of Said first member 
for operating said contact. 

2. A relay comprising an electromagnet, a first 
member, which is oscillated when Said electro 
magnet becomes energized, a Second member con 
trolled by said electromagnet, a contact, and 
means controlled by said second member and 
responsive to a predetermined number of Oscil 
lations of said first member for operating said 
Contact. 

3. A relay comprising an electromagnet, a first 
member which is oscillated when said electro 
magnet becomes energized, a Second member 
controlled by said electromagnet, a contact, and 
means controlled by said Second member and 
responsive to a predetermined number of unin 
terrupted oscillations of said first member for 
operating Said contact. 

4. A relay comprising an electromagnet, a first 
member which is oscillated when Said electro 
magnet becomes energized, a second member con 
trolled by said electromagnet, a contact, and 
means controlled by said second member and 
responsive to oscillation of said first member for 
operating said contact at the expiration of a 
predetermined time interval after said electro- : 
magnet becomes energized. 

5. In combination, an oscillatable arnature, 
an electromagnet for oscillating Said armature, a 
magnetic clutch controlled by Said electromagnet, 
a contact, and means controlled by Said clutch 
and responsive to oscillation of said armature for 
operating said contact. 

6. In combination, an oscillatable armature, 
an electromagnet for Oscillating said armature, a 
magnetic clutch controlled by said electromagnet, 
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a contact, and means controlled by Said clutch 
and responsive to oscillation of Said arnature for 
operating said contact at the expiration of a 
predetermined time interval after Said electro 
magnet becomes energized. 

7. A relay comprising an oscillatable arna 
ture, an electromagnet for Oscillating said arma 
ture, a magnetic clutch controlled by Said elec 
tromagnet, a rotatable contact arm biased to one 
position, means controlled by said clutch for ro- R 
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tating said arm through a small arc in one direc 
tion for each oscillation of Said armature, and a 
Contact arranged to be operated by said arm When 
Said aria has been rotated in Said One direction 
through a predetermined angular distance from 
Said one position. 

8. In Coimbination, an electromagnet, a first 
aliniature arranged to oscillate in response to en 
ergization of Said electromagnet, a contact, means 
responsive to a predetermined number of OScilla 
tions of Said first al'mature to operate said con 
tact, a Second artilature, and means controlled 
by Said contact for at times placing the second 
ariaature under tine control of Said electronag 
net. 

9. In combination, an electromagnet, a first 
arnature arranged to Oscillate in response to en 
ergization of said electromagnet, a contact, 
nileans responsive to a predetermined number of 
Uninterrupted Oscillations of Said first arnature 
to Operate Said contact, a second armature, and 
means controlled by said contact for at times 
placing the Second alrnature under the control 
of Said electromagnet. 

10. In COEinbination, an electromagnet, a first 
arnature arranged to OScillate in response to 
energization of Said electronagnet, a contact, 
neans responsive to a predetermined number 
Of OScillations of Said first almature to operate 
Said contact, a Second armature controlled at 
times by Said electronaginet, and means for pre 
Venting operation of said second armature by 
Said electromagnet unless said contact is oper 
ated. 

11. In combination, an electromagnet, a first 
allature alianged to oscillate in response to 
energization of Said electromagnet, a contact, 
Ileans responsive to oscillation of said first ar 
nature for operating said contact at the expira 
tion of a predetermined time interval after said 
electromagnet becomes energized, a second arma 
tul'e, and means controlled by said contact for at 
times placing the Second armature under the 
Control of said electromagnet. 

12. In combination, an electromagnet, a drive 
shaft, an airmature mounted to oscillate on said 
drive shaft in response to energization of said 
electromagnet, means for rotating said drive 
shaft in response to oscillation of said armature, a 
illagnetic clutch which is operated when said 
electromagnet becomes energized, a contact, and 
inleanS COntrolled by Said clutch and responsive to 
rotation of Said drive shaft for operating said 
Contact at the eXpilation of a predetermined time 
interval after Said electromagnet becomes ener 
gized. 

13. In combination, an electromagnet, a drive 
shaft, an armature mounted to oscillate on said 
drive shaft in response to energization of said 
electronagnet, means for rotating said drive 
Shaft in response to oscillation of said armature, 
a magnetic clutch which is operated when said 
electromagnet becomes energized, a contact arm 
pivoted on Said drive shaft and biased to one po 
Sition, means controlled by said clutch for ro 
tating Said contact arm from said one position in 
response to rotation of said drive shaft, and a 
contact controlled by said contact arm. 

14. In COmbination, an electromagnet, a drive 
Shaft, an al"nature mounted to oscillate on said 
drive Shaft in response to energization of said 
electromagnet, means for rotating said drive 
Shaft in response to Oscillation of said armature, 
a magnetic clutch which is operated when said 
electromagnet becomes energized, a contact arm 
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pivoted on said drive shaft and biased to one 
position, means controlled by Said clutch for ro 
tating said contact arm from said one position 
in response to rotation of said drive shaft, and 
a contact arranged to be operated by said arm 
When said arm is rotated through a predeter 
mined angular distance from Said. One position. 

15. In combination, an electromagnet, a drive 
Shaft, an armature mounted to oscillate on said 
drive shaft in response to energization of said 
electromagnet, means for rotating said drive 
Shaft in response to oscillation of Said armature, 
a magnetic clutch which is operated when said 
electromagnet becomes energized, a contact arn 
pivoted on Said drive shaft and biased to one po 
Sition, means controlled by said clutch for ro 
tating Said contact arm from said one position 
in response to rotation of said drive shaft, a first 
contact arranged to be closed when and only 
When Said arm occupies said one position, and a 
Second contact arranged to be operated by said 
arm. When said arm has been rotated from said 
One position through a predetermined angular 
distance. 

16. In combination, an electromagnet, a drive 
shaft, an armature mounted to oscillate on said 
drive shaft in response to energization of said 
electromagnet, means for rotating said drive 
shaft in response to oscillation of said armature, 
a magnetic clutch which is operated. When said 
electromagnet becomes energized, a contact arm 
pivoted on said drive shaft and biased to one po 
Sition, means controlled by said clutch for rotat 
ing Said contact arm from said one position in 
response to rotation of Said drive shaft, a con 
tact arranged to be operated by said arm when 
Said arm has been rotated from Said one position 
through a predetermined angular distance, and 
means for varying the distance through which 
Said arm must be rotated to operate said con 
tact. 

17. In combination, an OScillatable armature, 
an electromagnet for OScillating Said arnature, 
a drive shaft, means for rotating said drive shaft 
in one direction in response to oscillation of said 
arnature, a contact arm mounted on said drive 
shaft, a magnetic clutch controlled by said elec 
tromagnet, means controlled by Said clutch for 
at times rotating Said contact arm in response 
to rotation of Said drive Shaft, and a contact 
controlled by said contact arm. 

18. In combination, an Oscillatable armature, 
an electromagnet for OScillating Said arnature, a 
drive shaft, means for rotating said drive shaft 
in one direction in response to oscillation of said 
armature, a gear wheel journaled on said drive 
shaft, a clutch wheel secured to said gear wheel, 
a magnetic clutch controlled by Said electronag 
net and arranged to engage said clutch wheel 
when said electromagnet is energized to prevent 
rotation of said gear wheel, a contact arm piv 
oted on said drive shaft and provided with means 
for rotating said arm in response to rotation of 
said shaft when rotation of Said gear Wheel is 
prevented by said clutch, and a contact controlled 
by said contact arm. 

19. In combination, an oscillatable armature, 
an electromagnet for Oscillating said armature, a 
drive shaft, means for rotating said drive shaft 
in one direction in response to OScillation of Said 
al"nature, a gear Wheel journaled On Said drive 
shaft, a clutch wheel secured to said gear wheel, 
a magnetic clutch controlled by Said electromag 
net and arranged to engage said clutch wheel 
When Said electromagnet is energized to prevent 
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rotation of said gear wheel, a pinion secured to 
Said drive shaft, a contact arm journaled on said 
drive shaft and having a planetary drive which 
includes Said pinion and said gear wheel for ro 
tating Said contact arm about said shaft as a 
pivot when rotation of said gear wheel is pre 
vented by Said clutch, and a contact controlled 
by Said contact arm. 

20. In combination, an oscillatable armature, 
an electromagnet for Oscillating said armature, 
a drive shaft, means for rotating said drive shaft 
in one direction in response to oscillation of said 
armature, a first gear Wheel journaled on Said 
drive Shaft, a clutch Wheel Secured to said first 
gear wheel, a magnetic clutch controlled by said 
electromagnet and arranged to engage said 
clutch wheel When Said electromagnet is ener 
gized to prevent rotation of said first gear wheel, 
a first pinion Secured to Said drive shaft, a con 
tact arm journaled on said drive shaft, a counter 
shaft journaled in said contact arm, a second 
gear wheel attached to said countershaft and 
meshing With Said first pinion, a Second pinion 
attached to said countershaft and meshing with 
said first gear wheel, and a contact controlled by 
said contact arm. 

21. In combination, an electromagnet, a drive 
shaft, an armature mounted to oscillate on said 
drive shaft in response to energization of Said 
electromagnet, neans for rotating said drive 
shaft in response to Oscillation of Said arnature, 
a fixed contact, and an adjustable contact arm. 
pivoted on said drive shaft and arranged to be 
rotated in response to rotation of said drive 
shaft for operating said contact. 

22. In combination, a drive shaft, an oscil 
latable armature pivoted on Said drive shaft, an 
electromagnet for at times Oscillating Said airina 
ture, means for rotating said drive shaft through 
a small arc in one direction each time said arma 
ture is oscillated; a contact arm comprising a 
frame made up of two parallel plates connected 
together by Spacing studs, Said plates being pro 
vided with holes which receive said drive shaft, 
a first pinion on said drive shaft, a countershaft 
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journaled in said frame, a first gear wheel Se 
cured to said countershaft and meshing With 
said first pinion, a second gear wheel journaled 
On Said drive shaft, a second pinion Secured to 
Said countershaft and meshing with said secoind 
gear Wheel, means for preventing Said Second 
gear Wheel from rotating When Said electronag 
net is energized, and a contact operated by Said 
contact arm. 

23. In a relay, in combination, a top plate, an 
adjustable contact arin Secured to the under 
side of said top plate, and a bushing mounted 
in said top piate and provided with a hole for 
receiving a tool by means of which adjustments 
of Said contact arm may be made from the upper 
Side of said top plate. 

24. In combination, an oscillatable armature, 
an electromagnet for at times Oscillating Said 
armature, a drive shaft, means for rotating Said 
drive shaft through a Small arc in One direction 
for each oscillation of said armature, a contact 
arm pivoted on said drive shaft and biased to 
one position, means for at times rotating Said 
arm from said one position in response to rota 
tion of Said drive shaft, and a contact arranged . 
to be operated when and Only When said arm 
Occupies Said. One position. 

25. In combination, an Oscillatable armature, 
an electromagnet for at times Oscillating said 
armature, a drive shaft, means for rotating said : 
drive shaft through a Small arc in one direction 
for each oscillation of Said armature, a contact 
arm pivoted on said drive shaft and biased to one 
position, a fixed stop, an insulating piece Secured 
to said arm and arranged to engage said Stop 
when said arm occupies said one position, means 
controlled by said electromagnet and Said Shaft 
for at times rotating said arm from Said one posi 
tion, and a contact which is closed by said in 
sulating piece when and only when said arm : 
occupies said one position. 

BRANKO LAZICH. 
HARRY E. ASHWORTH. 
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