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This invention relates to protective devices, and 
more particularly to phase failure and phase re 
Versal relays for use in polyphase alternating cur 
rent circuitS. 
One object of the invention is to provide a 

Compact, rugged and efficient protective device 
Of the aforesaid character consisting of a small 
number of parts severally characterized by 
Strength, simplicity and facility of assemblage. 
Another object is to provide a protective device 

of the aforesaid character having an improved 
electroresponsive operating unit including mag 
net frames So constructed and arranged as to pro 
Wide enclosing and Supporting walls for the unit. 
Another object is to provide an improved switch 

for devices of the aforesaid character and to also 
provide a rugged and reliable operating mech 
anism for the Switch including a Small number of 
In OWing parts. 
Warious other objects and advantages of the in 

vention will hereinafter appear. 
The accompanying drawings illustrate an em 

bodiment of the invention which will now be de 
Scribed, it being understood that the embodiment 
illustrated is susceptible of modification without 
departing from the spirit and scope of the ap 
pended claims. 
In the drawings, 
Figures 1 and 2 are Vertical and Sectional views 

of a device embodying the invention; 
FigS. 3 and 4 are top and front views, respec 

tively, of the device shown in Fig. 1, the enclosing 
cover being shown in section; 

FigS. 5 and 6 are perspective views of certain 
of the parts illustrated in Fig. 4, and 

FigS. 7 and 8 are detail sectional views taken 
substantially on lines 7-7 and 8-8, respectively, 
in Fig. 3. 
The relay illustrated includes a pair of sta 

tionary contact devices and 2 and a cooperat 
ing movable contact element 3 under the control 
of an electroresponsive device comprising a piv 
oted Vane 4 having magnet frames 5 and 6 ar 
ranged. On OppoSite sides thereof. As hereinafter 
Set forth the magnet frames 5 and 6 are provided 
With energizing windings for connection across 
unlike phases of a polyphase alternating current 
circuit, and under normal conditions in said cir 
cuit Vane 4 is held in the position shown in Fig. 
2 to maintain contact element 3 in engagement 
With Stationary contact devices and 2, whereas 
under given abnormal conditions of said circuit 
Said vane is moved by gravity into the position 
shown in Fig. 1 to move said contact element out 
of engagement with said stationary contacts. 

(C. 200-91) 
More specifically, the vane 4 comprises a verti 

cally arranged Segmental disk of aluminum or 
Other conductive but non-magnetic material piv 
otally mounted upon a horizontaily arranged sta 
tionary pin and the magnet frames 5 and 6 are 5 
arranged in Opposed relation. With an air gap 
therebetween for receiving said vane. As shown 
in Fig. 5, magnet frame 5 is provided with a verti 
cal Side Wall 8 having pole projections 9 and 
On the inner face thereof, and magnet frame 6 is 10 
provided with a vertical side wall if having pole 
projections 2 and 3 on the inner face thereof. 
The pivot pin is carried by an inwardly extend 
ing lug f4 on the inner face of Side Wall 8 of mag 
net frame 5, and as shown in Fig. 1 the pole pro- lis 
jections 9, 10, 2 and 3 are arranged equidistant 
from the axis of the pivot pin and in a Staggered 
relation. As best shown in Fig. 5, each of the pole 
projections on magnet frames 5 and 6 has an en 
larged disk 5 fixed to the inner end thereof by 20 
a ScreW 6, and a pair of energizing windings 
and 8 are mounted upon the pole projections O 
and 2, respectively. As shown in Figs. 3 and 4, 
the outer faces of the side walls 8 and of the 
magnet frames are provided with projecting pads 25 
9 and 20, respectively, which provide magnetic 

paths of low reluctance between the pole projec 
tions on the inner faces of said walls. 
The side wall 8 of magnet frame 5 is provided 

With in Wardly projecting marginal portions form - 30 
ing a rear Wall 2, and a bottom Wall 22 and the 
Side wall of magnet frame 6 is provided with 
Similarly shaped in Wardly projecting marginal 
portions forming a rear Wall 23, and a bottom Wall 
24. The magnet frames 5 and 6 are bolted to - 35 
gether by a pair of non-magnetic studs 25 and 26, 
Said Studs being arranged. Within openings in the 
rear walls 2 and 23, and each having clamping 
nuts 27 asSociated with opposite ends thereof. As 
shown in Figs. 2 and 4, each of the studs 25 and 40 
26 carries a non-magnetic spacing washer 28 
Which is arranged between the magnet frames 
5 and 6 to maintain an air gap between the latter. 
The Operation of the aforedescribed electrore 

sponsive device will now be more fully described. 45 
ASSuming that the Windings 7 and 8 are con 
nected acroSS unlike phases of a polyphase alter 
nating current Supply circuit Substantially inde 
pendent alternating fluxes will be produced in the 
magnet frames 5 and 6 which will be continuous- 50 
ly displaced in phase. Such fluxes induce eddy 
Currents in the wane 4 and the eddy currents in 
duced by each magnet frame are acted upon by the 
flux produced in the other magnet frame to pro 
vide a torque which tends to rotate said vane in 
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One direction or the other, dependent upon the 
phase relation of the current in the windings 
and 8. By properly connecting the windings 7 
and iS in a polyphase alternating current circuit 
a torque is produced Which normally holds the 
vane 4 in the position shown in Fig. 2. 
Upon failure of current in any phase of the 

supply circuit the torque for holding the wane 4 
in the position shown in Fig. 2 becomes Zero, 
whereupon said wane automatically moves to the 
position shown in Fig. i under the action of grav 
ity. Also upon a predetermined general reduc 
tion of the line Voltage Such effective torque be 
comes so far reduced as to be insufficient to hold 
the vane 4 in the position shown in Fig. 2, where 
Upon said vane also moves under the action of 
gravity to the position shown in Fig. 1. Further, 
should the phase relation of the current in the 
Supply circuit become reversed from any cause 
either accidental or voluntary the direction of 
torque on vane will be reversed to drive said 
vane from the position shown in Fig. 2 into the 
position shown in Fig. 1. Upon restoration of 
normal conditions in the Supply circuit following 
existence of any of the aforedescribed abnormal 
conditions the Vane 4 is adapted to move auto 
matically from the position shown in Fig. 1 into 
the position shown in Fig. 2. 
As is apparent, by arranging the magnet parts 

in the manner above described a very rigid and 
compact electroresponsive operating unit is ob 
tained. Also it has been found that arrangement 
of the imagnet frames 5 and 6 in opposed relation 
upon opposite sides of the Vane 4 and employ 
ment of Washers 5 to provide enlarged over 
lapping pole faces on said frames, tends to in 
crease the efficiency of the device. The above 
deScribed electrol'esponsive operating device also 
has numerous other advantages, certain of which 
will be hereinafter discussed. 
The Stationary contact devices and 2 are 

mounted upon the upper edges of the magnet 
frames 5 and G, respectively. Said contact de 
vices are Similarly Constructed, each of the same 
being plovided with a holder 30 having a cylin 
drical carbon contact 3? slidably mounted within 
an Opening therein. One of the contact devices 
is illustrated in section in Fig. 8, and as shown 
therein holder 3 has a coil spring 32 associated 
therewith for biasing the contact 3 outwardly. 
Also aS shown in Fig. 8, contact 3 is held in as 
Sembled relation within the opening in holder 30 
by a terminal pin 33 Supported within an open 
ing in said contact and projecting into oppositely 
disposed openings in Said holder. As shown in 
Figs. 1 and 3, each of the holders 30 is provided 
With an upwardly extending terminal portion 34 
having a binding screw 35 associated therewith, 
and each of said holdel'S is connected to the con 
tact pin 33 of its associated contact 3 by a flex 
ible lead 36. 
The contact devices i and 2 are mounted upon 

the front ends of oppositely disposed L-shaped 
insulating supports 3 and 38 which are fixed to 
the upper edges of the magnet frames 5 and 6, 
respectively, by Screws 39. As shown in Fig. 3, 
each of Said insulating Supports also carries a 
pair of terminal devices 40. The contact holders 
33 and the teinninal devices 49 are secured to 
their associated insulating Supports by Screws 4, 
the heads of said Screws being countersunk in the 
lower faces of said supports, as shown in Figs. 7 
and 8. The heads of the screws 4 are insulated 
from the magnet frames 5 and 6 by flat insulat 
ing Strips 42 interposed between Said magnet 
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frames and the lower faces of the insulating Sup 
ports 37 and 38. 
As shown in Fig. 3, insulating supports 3 and 

38 are spaced to provide a passage therebetween 
for receiving terminal wires associated with the 5 
energizing Windings T and 8. The terminal 
Wires for said windings are not shown in the 
drawings, but as is apparent, Such terminal Wires 
may be passed upwardly through the Space be 
tween supports 37 and 38 for connection to the lo 
terminal devices 40. As shown in Fig. 8, each of 
the terminal devices 49 is provided with a pair of 
binding Screws 43 and 44, one of Said ScreWS be 
ing provided for Securement of a Winding ter 
minal and the other for Securement of a line lis 
connection. 
The movable contact element 3 includes a con 

tact 45 for bridging the corntacts 3 of contact 
devices and 2. Blidging contact 45 is carried 
by a lever 46 which is operable as hereinafter set 20 
forth by a cam 4 aSSociated With Vaine 4 to move 
Said bridging contact into and out of engagement 
With the contacts 3. 
As Shown in Figs. 4 and 6, lever 46 is provided 

with spaced side arms 48 and 49 having hub por- 25 
tions 50 and 5? on the upper ends thereof which 
are connected by an upwardly extending projec 
tion 52. Contact 45 is riveted to an insulating 
plate 53 which is secured to the projection 52 of 
lever 46 by screws 54. The hub portions 50 and 30 
5 of lever 46 each have an outwardly extending 
pin 56 fixed thereto, and said pins are journaled 
within openings provided in inwardly extending 
bearing projections 57 and 55 on side walls 8 and 
f of the magnet frames 5 and 6. A roller 595 
for engaging the cam 47 is rotatably mounted 
upon a pin 69 which is supported within openings 
in lower ends of the allins 48 and 49 of lever 46 
and the hub portion 5 of said lever is provided 
with a downwardly projecting arm 6 which also 40 
cooperates with said cam. 
Cam 47 is fixed to the right hand face of vane 

4 by screws 63 and is rotatably mounted upon 
pivot pin 7 between the lug 4 on magnet frame 
5, and a collar 64 fixed to said pin by a cotter 45 
pin 65. Cam 47 is provided with a body portion 
66 having a surface on the front edge thereof for 
engaging the roller 59, and said can is also pro 
vided with a projecting bearing portion 6 having 
a rib 68 on one side thereof for engaging the arm 50 
6 on lever 46. The front edge of Said Cam men 
ber is provided with a notch 69 for receiving roller 
59 and the upper edge of said notch merges at a 
point 70 with a convex cam Surface T. Can 
surface T? is slightly eccentric with respect to the 38 
axis of pivot pin 7 and the upper end of said cam 
Surface joins with a coincave Surface 72. 
As hereinbefore stated, by properly connecting 

the coils 7 and 8 in a polyphase alternating 
current circuit vane 4 is normally subjected to a 0 
torque which is adapted to move the Same Out of 
the position shown in Fig. 1 into the position 
shown in Fig. 2, and to maintain the Same in the 
latter position, whereas under given abnormal 
conditions in said circuit said vane is adapted to 65 
move under the action of gravity from the posi 
tion shown in Fig. 2 into the position shown in 
Fig. 1. 
As is apparent, with vane 4 positioned as shown 

in Fig. 2, the cam surface if engages roller 590 
to maintain lever 46 in a position. Wherein bridging 
contact 45 is held in engagement with the contactS 
3 of the stationary contact devices. Also it 
should be noted that with the parts positioned as 
shown in Fig. 2 the concave surface 72 on the 75 
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cam 47 engages roller 59 to prevent counter 
clockwise movement of vane 4 beyond the posi 
tion shown in Fig. 2. 
Upon movement of the vane 4 out of the posi 

tion shown in Fig. 2 into the position shown in 
Fig. 1 the notch 69 in cam 47 moves into a position 
for receiving roller 59 and during final movement 
of the vane into the position shown in Fig. 1 the 
rib 68 on said can engages arm 6 On lever 46 to 
positively move Said lever into the position shown 
in Fig. 1. Bridging contact 45 is then main 
tained out of engagement with contacts 3 and 
wane 4 is held against clockwise movement be 
yond the position shown by engagement of roller 
59 with the bottom of notch. 69. 
As is apparent, upon return of Vane 4 from the 

position shown in Fig. 1 into the position shown in 
Fig. 2, lever 46 is rotated in a clockwise direction 
to return bridging contact 45 into engagement 
with the contacts 3. However, it should be noted 
that upon initial movement of the vane 4 out of 
the position shown in Fig. 1 rib 68 on the cam 
member disengages the arm 6 on lever 46 and 
Simultaneously the point TO on Said can member 
engages the roller 59 to effect quick movement of 
Said lever 46 into a position wherein bridging con 
tact 45 engages the contacts 3. Upon continued 
movement of vane 4 towards the position shown in 
Fig. 2 the cam surface T, which as hereinbefore 
stated is slightly eccentric with respect to the 
axis of pivot pin , serves to effect a slight con 
tinued clockwise movement of lever 46 to insure 
firm engagement of bridging contact 45 with the 
contacts 3 under the action of the contact 
springs 32. 
The device is provided with an inverted L 

shaped cover 75 having inwardly extending side 
walls for engaging the front and top edges of 
the magnet frames 5 and 6. Said cover is con 
structed of non-magnetic material and is Secured 
to the magnet frames by Screws 6 which pass 
through Openings in Said cover into tapped open 
ings in lugs On the side Walls of said frames. 
As shown in Fig. 1 the cover 75 has an opening 
78 at the rear thereof to facilitate wiring of the 
device, and as shown in Fig. 2 the rear wall of 
magnet frame 5 is provided with tapped bolt re 
ceiving openings 79 for Securement of the device 
to a suitable Support. 
In connection with the foregoing it should be 

noted that the Side walls of the magnet frames 5 
and 6 and the cover 5 serve to enclose the various 
parts of the device and protect the same against 
injury, and to also prevent the accumulation of 
foreign matter within the device. Removal of 
the cover 75 obviously renders the parts of the 
SWitch mechanism accessible for inspection or re 
pair. Also it should be noted that with magnet 
frame 5 mounted upon a Support, magnet frame 
6 can be readily detached therefrom for inspec 
tion or repair of the Various partS. 
What I claim as new and desire to Secure by 

Letters Patent is: 
1. An alternating current relay comprising a 

movable circuit controlling element and an elec 
troresponsive operating unit therefor including a 
pivoted vane operatively connected to said circuit 
controlling element, and a pair of stationary field 
elements arranged on opposite sides of said vane, 
each of Said field elements including a magnet 
frame having a side Wall provided With a plu 
rality of pole projections terminating in pole faces 
facing said wane, said pole faces being arranged 
in a staggered relation and the side Walls of Said 

3 
magnet frames forming an enclosure for said 
Wae. 

2. An alternating current relay comprising a 
movable circuit controlling element and an elec 
troresponsive operating unit therefor including a 
pivoted wane operatively connected to said ele 
ment and a pair of stationary field elements ar 
ranged on opposite sides of said vane, each of 
Said field elementSincluding a magnet frame haW 
ing a Side Wall provided with integral pole ex 
tensions projecting towards Said Vane, Said cir 
cuit controlling element and said wane being 
mounted upon the side walls of Said magnet frames 
and said Side walls forming an enclosure for said 
Wae. 

3. An alternating current relay comprising a 
novable circuit controlling member and an elec 
troresponsive operating unit therefor including a 
pair Of Spaced field elements and a vane movable 
in the Space between Said field elements and 
Operatively connected to Said circuit controlling 
member, each of Said field elements including a 
magnet frame having a pair of projections there 
On terminating in pole faces facing said vane, the 
pole projections on said field elements being ar 
ranged in a staggered relation. 

4. An alternating current relay comprising a 
pair of magnet frames, non-magnetic means for 
Securing said frames together with an air gap 
therebetween, a rotatable Vane arranged within 
the air gap between Said magnet frames and a 
Switch mechanism including a pivoted contact 
element operatively connected to said vane, said 
Vane and Said Switch mechanism being mounted 
upon Said magnet frames. 

5. An alternating current relay comprising a 
pair of magnet frames, non-magnetic means for 
Securing Said magnet frames together with an air 
gap therebetween, a vane rotatably mounted 
upon One of Said magnet frames and arranged 
Within the air gap between said magnet frames, 
and a Switch mechanism mounted upon said 
magnet frames, said Switch mechanism includ 
ing an insulated Stationary contact mounted 
upon each of Said magnet frames and a cooperat 
ing bridging contact element rotatably mounted 
upOn Said magnet frames and Operable by said 
Wae. 

6. An alternating current relay including a piv 
oted circuit controlling element, an electrorespon 
Sive Operating unit therefor having a pivoted vane 
operatively connected to said element, and a pair 
of field elements arranged in opposed relation on 
Opposite sides of Said vane, each of Said field 
elements including a magnet frame having a side 
Wall provided With Spaced pole projections ter 
minating in enlarged pole faces facing said vane, 
Said pole faces being arranged in a staggered 
relation and concentric with respect to the pivot 
of said Vane, and a magnet Winding mounted 
upon One of the pole projections of each of said 
magnet frames. 

7. In an alternating current relay, the combi 
nation with a field unit including vertically ar 
ranged Spaced magnet members having ener 
gizing Windings mounted thereon to be Sup 
plied with alternating currents of different phase 
relation, of a pivoted Vane arranged to SWing 
in a Vertical plane in the Space between said 
magnet members, a pivoted contact element hav 
ing a given range of novement and a cam aS 
Sociated with said Vane for moving said contact 
element in one direction through a major part 
of its range upon initial movement Of Said Vane 
out of a given extreme position and for moving 
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Said contact element through the remainder of 
its range upon continued movement of Said vane 
into an opposite extreme position. 

8. In an alternating current relay, the combi 
nation with a field unit including vertically ar 
ranged Spaced magnet members having energiz 
ing Windings mounted thereon to be supplied With 
alternating currents of different phase relation, 
of a pivoted vane arranged to Swing in a ver 
tical plane in the Space between said magnet 
members, a pivoted contact element movable in 
opposite directions between given extreme posi 
tions, a can aSSociated With Said Vane for moving 
said contact element out of one extreme posi 
tion and through a major part of its range upon 
initial movement of Said vane out of a given 
extilene position and for moving Said contact 
element into its other extreme position upon 
continued movement of Said vane into an oppo 
site extreme position, and a part aSSociated with 
Said Vane for engaging said contact element to 
positively move the same into its first men 
tioned eXtreme position upon return movement 
of said vane into its first mentioned extreme posi 
tion. 

9. In an alternating curl'ent relay, the combi 
nation with a SWitch mechanism including a mov 
able contact element, of an electroresponsive op 
erating unit therefor having a pivoted vane op 
elatively connected to Said element and a pair 
of field elements arranged in Opposed relation 
On Opposite Sides of Said Vane, each of Said field 
elements inciuding a magnet frame having a side 
Wall pi'Ovided With a plurality of pole projections 
terriinating in pole faces facing said vane, said 
Switch mechanism and said vane being mounted 
upon the Side Walls of Said magnet frames, and 
non-magnetic means for Securing Said magnet 
frames together and for holding the same in 
Spaced relation. 

- 2,020,818 
10. In an alternating current relay, the con 

bination with a Switch mechanism including a 
pivoted contact element, of an electroresponsive 
operating unit therefor having a pivoted vane 
Operatively connected to Said element and a pair 
of field elements arranged in opposed relation 
On Opposite Sides of Said Vane, each of said field 
elements including a magnet frame having a Side 
wall provided with a plurality of pole projections 
terminating in pole faces facing Said Vane, said 
mechanism and Said Vane being mounted upon 
the side Walls of Said magnet frames, non-mag 
netic means for Securing said magnet frames 
together and for holding the same in spaced re 
lation and a non-magnetic enclosing cover for 
Said Switch mechanism and said vane extending 
between Said magnet frames and Secured to the 
Side Walls thereof. 

ll. In an alternating current relay, the com 
bination with a field unit including vertically 
arranged Spaced magnet members having en 
ergizing Windings mounted thereon to be Sup 
plied with alternating currents of different phase 
relation, of a pivoted vane arranged to swing in 
a vertical plane in the space between said magnet 
members, Said Vane being biased towards a given 
eXtreme position and being movable under the 
action of Said unit into an opposite extreme 
position, a movable contact element biased to 
Wards Open position, and a cam associated with 
Said Vane for operating said contact element, said 
can providing for movement of Said contact ele 
ment into closed position upon initial movement 
of Said Vane out of its first mentioned extreme 
position and also permitting continued move 
ment of said vane into its last mentioned ex 
treme position while maintaining said contact 
element in closed position. 

CARL J. ANDERSON. 
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