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UNITED STATEs PATENT OFFICE. 
PLERRE O. KEIHOLTZ, OF BALTIMORE, AND FORREST E. RICKETTS, OF DERWOOD, 

A RAND. 

OWERLOAD AND REVERSE CURRENT RELAY. 

944,040. Specification of Letters Patent. Patented Dec. 21, 1909. 
Application fled August 5, 1908. Serial go. 47,082. 

To all whom it may concern: 
Be it known that we, PERRE O. KEIL 

Holtz and For REST E. RICKETTs, citizens of 
the United States of America, residing at 
the city of Baltinhore, State of Maryland, 
and at Derwood, county of Montgomery, 
State of Maryland, respectively, have in 
vented certain new and useful Improvements 
in Overload and Reverse Current Relays, of 
wlich the following is a specification. 

()ur invention relates to an overload and 
reverse current relay which is designed to 
afford protection to electrical apparatus in 
cluded in a circuit. It is designed primarily 
to operate in an alternating circuit. By 
protection is ment the interruption or open 
ing of the circuit when the electrical condi 
tions upon the line become abnormal, such as 
the increase of current beyond redeter 
mined amount or the reversal 6 E. direc 
tion of the current. The device is not in 
tended to open or interrupt the circuit, but 
it is designed to set in action suitable auxil iary devices which will cause such opening or 
interruption by proper switches. 

Referring to the drawings-Figure 1 is a 
vertical elevation of or relay assembled and 
in 'Tis position. Fig. 2 is a plan view 
of the same. Fig. 3 is a vertical section 
upon the line A-B Fig. 2. Fig. 4 is plan 
view of the magnets and laminated frame 
upon which the magnets are supported. Fig. 
5 is a diagranimatic view of the wiring. 
Fig. 6 is a perspective view of the short-cir 
cuiting secondary. Referring to the drawings-1 is a casing 
designed to contain the device, divided into 
two parts, a lower part in which the appa 
ratt is is located, and a cover. These two 
parts are provided with a cushion seat at 
their contacting edges to secure a dust-proof 
joint. 
2-2-2 are 4 legs upon which the appa 

rat is rests within the case. These legs are 
trade integral with the case and the device 
is screwed down to then, 
3-3 is a frame inacle integral, of any suit 

able material, and secred to the legs 2-2. 4-4 are a pair of permanent magnets, 
lent as shown in Fig. 2, all located with 
the ends of their poles opposite enclother. 

5 is a yoko secretl to one of the magnets 
nt each (ind and admited to be seetired to the 
posts 6-6 of the led 3. "I'll posts (3-5 are 
integral with the led 3 and are locnted in 

I the position shown in Fig. 2. The slots be 
tween the s serve to permit screws at 
tached to the yoke 5 to pass and to allow for vertical adjustment of the yoke. 

is a horizontal shaft mounted at its ends 
in jewel bearings, one end in the stationary 
bearing 8, and one end in the movable bear 
ing 9. The movable bearing consists of a 
screw threaded into a hole in the base of the 
center one of the three posts marked 6, and 
provided with a lock nut for securing it in 
an adjusted position. 

10 is a disk made preferably of aluminum, 
so as to be light, and secured to the shaft 7. 

11 is a screw inserted in the hub of the 
disk 10, and provided with a pair of nuts 
which may be moved back and forward upon 
the screw. This screw and its nuts con 
stitute what will be called the overbalance 
device of the disk, and the nuts are ad 
justable so as to change the amount of weight 
necessary to overbalance the disk. 

12 is a contact device secured to the shaft 
7, and adapted to contact with another con 
tact point 13, which is secured to the bed3, and in circuit with a switch-operating mech 
anism for controlling the line. The shaft 7 
is also in circuit with a source of current. 
The contact device 12 is located close to the 
axis of the shaft, that is to say, it has a very 
short radius so as to permit the contact points 
to be pressed together with the greatest de 
gree of force with any given amount of 
power exerted upon the disk to cause its ro 
tation. These parts are all mounted above 
the bed 3. Below the bed and secured to it 
upon the under side are two laminated iron 
frames 14 and 15, made of numerons sheets 
of the Sane shape, which are superimposed 
and bolted together. The frame 14 is pro 
vided with two pole pieces, 16 and 1, and 
the frame 15 is provided with one pole piece 
18. Upon the pole pieces 1 and 17 are 
wound in series two coils, 19 and 20, and 
on the pole picce 18 is wound it coil 21. They 
coil 21 is in scrics with the coils 19 and 20. 
The system of electro magnet is centrally 
arranged as to their poles, mid the single 
clectro magnet has its mangnetic circuit insu 
lated at the points 34 by non-magnetic con 
ducting natorial such ns prass from the twin 
electromagnets. Theolject for so doing is 
to prevent the lines of Inngnetic force frin 
passing from the strict tire 5 to the pole of 
the single lignet 18. 
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Surrounding the pole piece 18 of the clec 
tromagnet 2 is a single turn of non-mag 
netic material 22, having a low resistance, 
such as copper. This piece of non-magnetic 
material 22 consists of a plate of copper or 
brass, or other material similar pro 
erties, in the form of a U, the loop of the U being preferably rectangular and of suit 
able size to receive the end of the single 
magnet 18. The U-shaped plate has upon 
its upper end two flanges 22 turned at right 
angles to the plate. e plate 22 stands wer 
tical, opposite the pole piece 18, and in line 
with the face of tf pole piece, the end of 
the pole piece Pig rough the loop 
of E. U. The plate is supported by the 
horizontal flanges 22 upon its ends upon 
bosses 22 which are integral with the frame 
3. 22 are slots in the horizontal flanges 22 
parallel to the vertical portion of the plate 
and to the plane of the rotor. 22 are screws 
by which the plate is secured to the bosses 
22. 22 is a fork on one end of one of the 
horizontal portions of the plate adapted to 
receive any suitable adjusting means. This 
adjustment, however, may be made by hand 
and the latter has not been illustrated be 
cause it is merely a means of effecting final 
adjustment. The plate 22; through its slots 
22, is susceptible of transverse adjustment 
relative to E. pole piece 18 and the single 
magnet, and it may thus cut of some of S. 
lines of force of this magnet and centralize 
the magnet in relation to the fields of the 
two opposite magnets 16 and 17. Forming 
a part of the circuit of this non-magnetic 
material having low resistance is an adjust 
able resistance 22 provided with a loop of 
German silver wire which may be length 
ened or shortened so as to vary the resist 
ance. The object of this adjustment, is to adjust the impedance of the single coil elec 
tro magnet 21 by varying the ohmic com 
ponent of its impedance. The reactive com 
ponent of its impedance may be varied by 
moving the non-magnetic short-circuitin 
Secondary relatively to the primary coil. 
The short-circuited secondary 22 and 22, 
around the pole piece 18, is to cause the mag 
netism of the pole piece 18 to lag behind that 
of 16 and 17 which produces a shifting field. 
The reaction of this shifting field produces 
rotation of the rotor. The disk to stands 
vertically between the poles of the twin 
magnets 19 and 20, and the singic pole of 
the inagnet 21, and rotates between them. 
The overbalance pin 11 is so located in the 
hub of the disk as to lie normally when the 
Ipparatus is not in use upon the stop. 28, 
from which it is raised when torque is given 
to the disli. As it rises, the resistance to the 
torquo diminishes, because the resistance is 
maximum when the pin is in a horizontal 
position and zero when it is vertical. The 
contacts 12 and 13 are so located that they 
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will come together before the pin 11 reaches 
the vertical and consequently the pin will 
always retain its power to return the disk 
to its primary position and open the contact. 
When the overbalancing weight has been 
raised far enough to permit contact the mini 
mum of resistance of the moving element 
becomes the moment of the contact and the 
full torque of the moving element is exerted 
in making the contact. After the contact is 
made the devices in the auxiliary circuit, not 
shown, together with the switch controlling 
the circuit, perform their proper functions, 
and the moving element rotates in a back 
ward direction to its first position and is in 
readiness to operate again. 

Referring to Fig. 5, the two lines on the 
F. of the figure represent the main feeders 

of a circuit. 
24 is a current transformer located in the 

main circuit and having its secondary in the 
circuit of the magnets 19 and 20 and 21. 
The binding post 25 is found also upon Fig. 
2, and from E. binding post a circuit passes 
through the magnet 19, thence to magnet 20, 
thence to binding post 26, thence to binding 
post 27, from which one wire passes to the 
coil of magnet 21 and thence to binding post 
28 and thence back to the secondary of the 
current transformer. 
29 is a potential transformer bridged 

across the main line, the secondary of which 
is in a closed circuit in which is located an 
ohmic resistance device 30 and a second 
transformer 31, 
32 is the secondary coil of the second trans 

former located in a tertiary circuit which is 
connected between the posts 27 and 28. The 
transformer 29 reduces the voltage to a de 
sired amount. The resistance device 30 is 
capable of adjustment to greatly reduce the 
flow of current and to secure proper phase 
relation between current and voltage, and 
the transformer 3 and 32 will still further 
transform the current and produce in the 
circuit 27, 28, 32 a regulated quantity of cur 
rent of small magnitude. 

It will be observed that if just sufficient 
torque is supplied to rise the adjustable 
weight from its stop the disk will rotate very 
slowly at first but increase its rotation as its 
moment of resistance becomes less, that is, as 
its ndjustable weight approaches the verti 
cal; and if greater torque is supplied, its 
rate of rotation will be corr spondingly in 
creased. This is what is known as the prin 
ciple of inverse time element. The title of 
the operation of the lisk is also controlled 
by the action of the permanent magnets 
4-4, between (lo poles of whicla the diskro 
tates, andly which its rotation is relard'. 
The rotati disk with its shaft, overbalance 
weight it alontact device, are th oily mov 
ig parts of the apartis, and it resolk 
signed as to reduce their weight, to a niini 
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milm in order that their friction may be 
small. The torquic of the moving element is 
supplied by the magnetic field of the system 
of electromagnets which are shown. 
The windings of the twin magnets are 

connected in series, and if an alternatin 
electric current is made to flow through 
them, the polarity of their poles will have 
the same cyclic variation as the current, that 
is to say, the lefthand one will have, say, a 
north polarity, and the righthandone a 
south polarity; and their polarities will rap 
idly alterafe. A similar current passing through the single coil magnet will also cause its pole to rapidly change its polarity. 
If now the circuit containing the twin elec 
tro magnets be connected in series with the 
single coil magnet and an alternating cur 
reat be passed through them, the polarity of 
the poles will have a definite relation that is 
to say, if the lefthand pole of the twin mag 
net is torth and the righthand one solith, the 
single coil magnet will be north. If now re 
versal takes place, the poles of the twin mag 
nets will be south-north and the single coil 
magnet will be south. If now the connec 
tion of the single coil magnets be reversed, 
the polarity of the single coil magnet will be 
like the righthand pole instead of the left 
hand pole as before. If a disk free to rotate 
is placed in such a magnetic field, it will ro 
tate in a definite direction, which direction 
can be readily reversed by changing the 
polarity of the single coil magnet relativel 
to the others. Furthermore, if the single coil magnet is energized and the twin mag 
nets are not energized, the disk will not ro 
tate, and vice versa. By energizing is meant 
caising a current of electricity to flow 
through the windings. The magnetic ef 
fects above described are secured by a sys 
ten of transformers, resistances, re-actances 
and connections as shown in Fig. 5. 
The operation of the device may be de 

scribed as follows: Assume potential on the 
circuit, but no power delivered from the 
generator to the load. Current will flow 
in the secondary circuit of the potential 
transformer 29 in a definite amount. In 
the tertiary circuit 27.28, 32 the current will 
flow through the coil of the single coil 
magnet and lot through the coils of the 
twin in agilets, owing to the high reactnce 
of the current transformer. Consequently 
only the single euil lagnet will be energized 
and the disk will not operate. Iet us call 
this current flowing fron left to right. ff. 
now... the generator is caused to deliver 
powei' (to the lin', 'I'rent will flow ill flic 
Innai ("irc" it aid a clefinite autuount will flow 
in the seconditry of the cirrent transformer. 
'll this 'irrill flowing from right, to left. "I'li' ('ils of the will magnet will lie ener 
give in the 'irrent in the coil of the single 
in agrict will lite leereased iry the anoint of 

current flowing in the coils of the twin imag 
Iets. The field produced by these currets 
will tend to rotate the disk in the direction 
of the hands of a clock, which rotation is 
prevented by a stop as before nientioned 
(Fig. 1). As the generator delivers more 
power to the line, more current will flow 
through the coils of the twin magnets and 
less will flow through the coil of the single 
coil magnet. We will assume that sufficient 
current will be delivered from the current 
transformer to balance the current from the 
potential transformer flowing in the coil of 
the single coil magnet. In this case the 
magnet is not energized and the disk will 
not rotate. To this point the disk has had 
a decreasing torque fron a maximum, tend 
ing to rotate the disk in a direction, which 
is prevented by its stop, to zero torque, with 
no tendency to rotate. As the generator de 
livers more power to the line, more current 
will flow in the secondary of the current 
transformer until the direction of flow 
through the coil of the single coil magnet 
will be from right to left and a torque will 
be supplied to the disk to rotate it forward. 
depending upon the anoint of its unba 
ancing. If the current supplied is stiflicient 
to give enough torque to overconie the no 
ment of resistance of the disk, it will rotate 
in a direction opposite to that of the lands 
of a clock. This result will be produced 
by an overload of current without dinini tion of potential. If the patential dimin 
ishes, the current balance is disturbed and 
the relay will operate with less current from 
the line. This constitutes the overload up 
eration with loss of potential. By suitable 
adjustment of reactances of the coils 2 and 
32 the relative rate of rotation of the disk 
can be controlled. It is observed that the 
coils of the single coil magnet and the sec 
ondary of the second transformer form a 
multiple connection and currents will di 
wide between the two branches in proportion 
to their relative conductances. The short 
circuited secondary 22" affords means of 
varying the reactive and ohmic components 
of the single coil magnet and thereby alters 
its conductance, and changes the relative 
flow of current in this divided circuit. The 
reactive component is altered by changing 
the relative position of the short circuited 
secondary 22 to the single coil, and the 
olhunic component is changed by varying the 
resistance of the short circuited secondary. 
If the potential renaiti constnut and the 
current lininishes, becoming zero, which is 
the first case citel, the relay will not operate 
at al. If, however, the current should 
change its direction, as woull occur if the 
apparat its '('asel to deliver but re'civil 
power, or the reverke, the relay will the 'at' 
with less 'irrit frt the 'rett ('n s 
former. "I'lix constitutes the rive'N' ('I'- 
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rest operation with potential. If, cler 
these circumstances, the potential should di. 
Iainish, more current would be required 
from the current transformer than with full 
potential to cause the relay to operate. This 
would constitute the reverse current oper 
ation with loss of potential. It will thus be 
seen that our apparatus is designed to pro 
tect electrical apparatus against all those 
accidents on the line which are likely to 
cause the apparatus to be destroyed by a 
sudden abnormal flow of current. 
The apparatus is simple, durable, has but 

one moving element, is positive in its action, 
operates equally well with an abnormal flow 
of current from the generator or a reverse 
current from the line produced by a rotary 
transformer or from any other cause. The 
currents employed so balance themselves as 
to require a very small amount of current 
for the operation of the device, and the fact 
that the overbalance of the disk is elimi 
nated when the conditions are such as to ro 
tate the disk and close the contacts, pro 
duces a positive and effective contact which 
secures practical and successful operation. 
In the structure albove described the shaft 

which carries the disk overbalance and con 
tact is horizontal. This is the preferred 
form, but it will be understood that the ap paratus will operate in any position in 
which the axis of the shaft is at an angle to 
the vertical. The setting of the overbalance 
device requires the action of gravity, which 
would be destroyed if the axis of the disk 
were vertical. The nearer the shaft is to the 
horizontal, the grenter will be the action of 
gravity and the greater the sensitiveness of the device. 
Having thus described our invention, 

what we claim and desire to secure by Ict 
ters Patent is: 

1. In an overload and reverse current re 
lay, the cornbination of an unbalanced ro 
tor, a system of electro-magnets and an elec 
trical contact, means for producing a reac 
tion between the rotor and the system of 
electro-magnets proportional to the result 
ant phase composition of the current and 
voltage elements of the circuit to be con 
trolled, which current and voltage elements 
are in nuultiple relation to each other. 

2. In an overload and 'everse cirrent re 
lay. the contalination of art in balancel ro 
tor, a system of electro-intagnets a titl an elec'- 
trical contact, means for producing a reac 
tion between the rotor and the system of 
electro-magnets proportionn to the result 
ant plast ('itiposition of the current and 
voltage elements of the circuit to lic ('ot - 
trillil; which ('insists of a derived "trict. 
and voltige cir'it ('i'ircling the ages 
nint respoiling to variations of electrical 
contlitions on the working circuit, 

3. a verlon at reve's "irret 1':- 
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lay, the combination of a current trans 
former in the main line, a pair of twin elec 
tro magnets in series with the secondary of 
the transformer, a single electro magnet 
having its pole set opposite the poles of the 
twin magnets and in series with the twin 
magnets and the secondary of the current 
transformer, a potential transformer across 
the main line the secondary of which is in a 
closed circuit containing an ohmic resist 
ance device, and a second transformer the 
secondary of which is in shunt relation to 
the circuit of the current transformer and 
including the single electro magnet coil, a 
rotor mounted upon a shaft set at an angle 
to the vertical and arranged to rotate in the 
fields of the twin and single magnets, the ro 
tor being unbalanced, and an electrical con 
tact adapted to be closed by the rotation of 
the rotor. 

4. In an overload and reverse current re 
lay, the combination of a current trans 
former in the nain line, a pair of twin elec 
tro magnets in series with the secondary of 
the transformer, a single electro magnet 
having its pole in magnetic relation to the 
poles of the twin magnets and in series with 
the twin magnets and the secondary of the 
current transformer, a potential transformer 
across the main line the secondary of which is 
in shunt relation to the circuit of the current 
transformer and including the single electro 
magnet coil, a rotor mounted upon a shaft 
set at an angle to the vertical and arranged 
to rotate in the magnetic field of the system 
of magnets, the rotor being unbalanced and 
an electrical contact adapted to be closed by 
the rotation of the rotor. 

5. In an overload and reverse current re 
lay, the combination of a current trans 
former in the main line, a pair of twin elect 
tro magnets in series with the secondary of 
the transformer, a single electromagnet hav ing its pole in magnetic relation to the poles 
of the twin magnets and in series with the 
twin magnets and the secondary of the cur 
rent transformer, a potential transfor her 
across the main line the secondary of which 
is in slunt relation to the circuit of the cur 
rent transformer and including the single 
electro-uagnet coil, a rotor mounted upon a 
shaft set at it in angle to the vertical and ar 
ranged to rotate in the nagnetic field of the 
system of magnets, the rotor being unbal 
unit'ss, and an electrical contact adapted to 
be closel by the rotation of the rotor, the pole of the single unaginot being in such mag 
inetic' relation to the poles of the twin mag 
net as will indice currents in the rotor 
which will react upon the systein of electro 
agits and enlist rotatio of the rotor. 
(, in in overloid at reversey curroit 1'(- 

lay, the 'onlbinition of it in tillalani'el rotor 
not intel between the tol's of a pair of twin trial gets in the bole of in oppositely dis 
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posed single magnet, and an electrical con 
inct adapted to be closed wine the rotor is 
given a desired direction of rotation, the 
inagnets being in series and in circuit with 
the secondary of a current transformer in 
the main line, and a secondary circuit also 
including the coil of the single magnet and 
the secondary coil of a potential trans 
former. 

7. In an overload and reverse current re 
lay the combination of an unbalanced rotor 
mounted between the poles of a pair of twin 
magnets and the pole of an Eise dis 
posed single magnet, and an electrical con 
tact adapted to be closed when the rotor is 
given a desired direction of rotation, the 
magnets being in series and in circuit with 
the secondary of a current transformer in 
the main line, and a secondary circuit also 
including, the coil of the single magnet and 
the secondary coil of a potential transformer, 
and means for varying the impedance of the 
secondary circuit. 

8. In an overload and reverse current re 
lay the combination of an unbalanced rotor 
mounted between the poles of a pair of twin 
magnets and the pole of an oppositely dis 
posed single magnet, and an electrical con 
tact adapted to be closed when the rotor is 
given a desired direction of rotation, the 

mugets being in series and in circuit with 
the secondary of a current transformer in 
the main line, and a secondary circuit also 
including the coil of the single magnet and 
the secondary coil of a potential transformer, 
and means for varying the impedance of the 
single coil magnet. 

9. In an overload and reverse current re 
lay, the combination of an unbalanced rotor 
mounted between the poles of a pair of twin 
magnets and the pole of an oppositely dis 
posed single magnet, and an electrical con 
tact adapted to be closed when the rotor is 
given a desired direction of rotation, the 
magnets being in series and in circuit with 
the secondary of a current transformer in the 
main line, and a secondary circuit also in 
cluding the coil of the single magnet and the 
secondary coil of a transformer, the primary 
of which is included in a circuit which also 
includes an ohmic resistance and the second 
ary of a potential transformer. 

Signed by its at Baltimore, Md., this 3rd 
clay of July 1908. 

PIERRE O. KEILHOLTZ. 
FORREST E. RICKETTS. 

Witnesses: 
EDWARD L. BAsH, 
B, SCIRoFireR. 
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