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o 1 - '
This invention relates to magnetic relays or

switches in electrical systems and more pa,rtlcu~

larly is an improved magnetic relay or switch of

- the neutral type which affords symmetrical oper-

- ating characteristics about the operating point on

~ the current wave hitherto obtainable only by
| _means of the more expensive polar relay. |

(CL

"An object of this invention is the :unprovp— |

| ment of magnetic relays or switches.
) A more particular object of this invention is the

10

prowsmn of a magnetic relay or switch of the |

' neutral type which affords symmetrical oper&t—

ing characterlstlcs about the operating point on
the current wave. =

“Another. object of the 1nvent10n is to provide
~ a neutral relay, the operating characteristic of
which closely apprommates the more expensive
polar relay. -
- In the operation of the ordlnary neutral relay
no current is supplied to the relay for the nor-
mal unoperated condition. To operate the relay
g cireuit is closed. Current in the operating
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which this is achieved will become apparent from
the following description when read with refer-
ence to the associated drawing which discloses

a preferred embodiment in which the invention

may be incorporated. It is to be understood,
however, that the invention may be incorporated

in other forms than that in which it is presently
‘embpodied whmh will’ be apparent to those sk111ed

in the art.

In the d1 awing: - -
Fig. 1 shows a dmgrammatlc plan view- illus~
trating the relationship of the essential elements
necessary to an understanding of the relay of
the present invention, comprising a magnetizable
core, armature, contacts, line connections, line

- winding, biasing winding and -circuit therefor,
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winding starts to build up from zero. The force

exerted on the armature is proportional to the
square of the current in the operating winding.
During the early stages of operation while the
current is relatively low the operating force, pro-
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portional to the square of the low current, will be

relatively small. During the latter stages the

operating force proportional to the square of the -

relatively high current will be relatively great.
The force on the armature does not increase uni-
- formly. The armature of the ordinary neutral
~relay is spring biased to one of its two positions.
The time required to build up an operating force
- sufficient to actuate the armature from its nor-

N - mal to its operated position will be longer than

‘that required to reduce the operating force to its
release value due to the non-symmetrical shape
of the force curve about the operate and release
points for theh armature. Further for different
rates of build-up and decay of the operate cur-
rent curve, the operate and release times of the
relay will be changed. To obtain a particular
response within the limits of the relay it is neces-
sary to adjust the relay for different wave shapes.

Polar relays operating to alternate positions in

response to pulses of current of opposite polarity
are presently available which afford symmetrical
operating characteristics but they are relatively
expensive, costing several t1mes as much as a neu-
tral relay.

The foregoing dlﬂ‘iculty of lack of symmetrical
_operation in neutral relays is obviated in the
‘relay of the present mventmn The manner in

and counter biasing winding, in which view other
relay parts; not necessary to an understandmg
of the invention, are omitted; and |

Fig. 2 is a graph illustrating the opemtlon of

- the relay.

" In the following descrlptmn it will be assumed

-that the relay is so disposed that the operate and
release forces are unaffected by gravity. -

In Fig. 1 a magnetizable core |, which may, _for

instance, be rectangular and of soft iron, is pro-

vided with a gap 2. An armature 3 hinged in any
convenient manner such as by the pin 4 at the
middle of the base of core | projects through the
gap 2. Contacts § and 6, affixed to the arma~-
ture 3, abut opposed contacts T and 8 as the

~armature 3 is actuated under the 1nﬂuence of the

o2
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magnetic field.

Wound on the left limb of the magnetic core l
is an operating winding 9. Wound on the base
of the right-hand portion of the magnetic core |
is a biasing winding 108. The current in the bias~
ing winding, which may be supplied for instance
from a battery (1, may be adjusted by means of
variable resistance 12, so that the winding (0
produces the same magnetomotive force as the

current in the winding 9 when the latter carries

the full steady-state direct current. Connected

- in series with the operating winding 9 by means
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of conductor 13 is a winding (4 wound on the
right-hand limb of core |I. Winding 14 has the
same number of turns as operating winding 9
and produces a magnetomotive force of such mag-

nitude and direction as to exactly nullify that of

the bias wmdmg (0 when the full steady-state
operating current is applied to the relay through
the conductors 15 and 16. When no current is
supplied through conductors {5 and {6 to wind-
ings 9 and 14 the effect of the current in the

.biasing- winding {6 actuates the armature 3 to the
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right to close contacts 6 and 8. When full steady-
state direct current is supplied through conduc-
tors 15 and 16 the effect of the current in the
counter-biasing winding {4 neutralizes the eifect
of the biasing current and the effect of the cur-
rent in winding 9 actuates the armature 3 to the
left to close contacts d and 1.

It is pointed out that windings 10 and {4 on
the right-hand magnetic branch are shown In
their respective positions in Fig. 1 for reasons of
clarity in illustration. The windings in practice
would ordinarily be wound in parallel turns as a
single ynit to obtain the closest coupling., It is
further pointed out that although the relay or

switeh is intended for general use, it will prob-

ably find its widest application as a telegraph
relay in which case the full current and no cur-
rent conditions above-referred to may be mark-
ing and spacing signals applied to the relay.

The manner in which symmetry is obtained
may be understood from the following and ref-
erence to rig. 2.

In Fig. 2, distances parallel to the horizontal
base or abscissae (71 from left to right may. be
considered to represent time starting at 0 which
represents the start of an operate and release or a
marking and spacing cycle of the relay per Fig.
1. Distances in the vertical direction above and
below the abscissae represent the magnitudes of

the quantities represented by the  particular

curves. Curve 28 represents current in the op-
erating winding 9. Curve 23, shown by the full
lines, represents the operating force resulting
from the current 20 and the ordinate of the curve
23 at each point thereon is proportional to the
square of the vertical distance measured on curve
20 in vertical alignment therewith, singe the force
developed at each instant by the winding 9 is pro-
portional to the square of the current in winding
g at the instant.

Curves 20 and 23 taken together and disre-
garding the other portions of Fig. 2 1llustrate the
operation of an ordinary neutral relay. Such a
relay might be represented by the relay of Fig.
1 if windings 10 and 14 were omitted and arma-
ture 2 were actuated by a spring which normally
maintained contacts 6 and 8 closed and in which
relay the armature 3 were actuated to close con-
tacts 5 and 71 in response to current in winding
9. Assuming such a relay, the build-up of the
current in winding 9 may he represented by line
21 starting at zero time and sloping upward to
the right. The steady-state condition of cmnstant
magnitude may be represented by line 18 pal allel
to the horizontal axis and the decay of the cur-
rent following opening of the circuit 15—I16 may
be represented by the line 22 sloping downward
to the right again to zero. The corresponding
force developed will be represented by lines 24,
{9 and 25 respectively for the build-up, steady-
state and decay conditions.

The concave curvatures 26 and 27 at the left-
hand and right-hand portions of the forece curve
near the base thereof is characteristic of any
curve having an expression Y=KZX? correspond-
ing to f=K1i% where f is the force, i is current at
any instant, and K is a constant.

The armature 3 of the assumed neutral relay
will be operated toward the left at some point in
the rising current{ curve 21 at which the corre-
sponding magnitude of the iforce thereby de-
veloped as represented on the force curve by &
noint on porvion 24 in vertical alignment there-
with, overcomes the spring tension holding the
armature to the right. On the decay of the cur-
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tnree windings.is. zero.

4
rent the armature 3 will be actuated to the right
by the spring tension when the force of the spring
overcomes the force represented by some point
on curve 2% in vertical alienment with a point on
curve 22 representing the corresponding curremnt.
The horizontal distance between the operate
and release points on curves 24 and 25 measures
the time during which contacts 5—T are closed, -
which, when the relay is used in telegraphy, cor-
responds to a marking interval. For current
waves of differing slopes, assuming a constant
biasing spring tension, the operate and release
points on the force curves will vary. The less
steep the slopes of lines 21 and 22, the more pro-
nounced the variation in the duration of the
closed interval. If the assumed neutral relay is
to be used to transmit, receive or repeat tele-
graph signals, for instance, where it is important
that the duration of the marking and spacing
intervals be faithfully reproduced, and that these
intervals remain constant for current waves hav-
ing differing slopes, it is necessary to change the
tension of the biasing spring continually as the
wave shape of the signal changes. |
The relay of the present invention overcomes
the foregoing difficulty in the following manner.
The magnitude of the current in the biasing
winding {0 is represented by the vertical dis-
tance from the horizontal axis {7 to the horizon-
{al portion 80 of the curve just below the hori-
zontal axis at the left. It is shown below the
horizontal axis since its effect is opposite to that
of the current in winding 9. During the interval
just prior to the arrival of a current pulse over
circuit 13—16 the only current in the relay is
the biasing current in winding (3 which is con-
stant. This 1s indicated by section 30 which is
horizontal indicating biasing current of constant
magnitude. This generates a uniform force indi-
cated by the horizontal portion 31 of the corre-
sponding force curve, shown also below the hori-
zontal axis, since it opposes the force generated
in winding 9. 'This condition continues until
the start of reception of the incoming signal at
point 0. | -
The effect of the incoming signal in winding 9
will be as described above for the assumed neu-
tral relay as shown hy curves 29 and 23. The
effect of the winding (4 is to modify the effect of
the hiasing winding 10 and the current and force
curves of the two windings 14 and (0§ have heen
combined in the current and force curves sirown
in full lines in the lower portion of ¥ig. 2. Asthe
current in winding {4 builds up along line 32,
which is parallel to line 21, since the current in
windings 14 and 9 is identical, the effect is the
same as though the current in the biassing wind-
ing 18 were being reduced to zero at the same
rate at which the current in winding 8 increases.
The corresponding force curve 33 of the decline
of the force generated by windings 13 and {4 is
similar to that of the increase of force in Wnd—

ing {0 but inverted In magnitude and time.

The net force resulfing from the effect of all
three windings may be obtained by subtracting
the ordinates of the curve 33, as measured from
the horizontal axis (1 downward from the corre-
sponding ordinates of curve 24 as measured up—
wardly from the same axis. This net force is In-
dlcated by the dotted line 34. Where line 34
crosses the horizontal axis |7 the net for ce of all
Above.and below this
point of zero force the line 34 is symmetrical he-
ing of substantially uniform slope. The net force
curve is substantially a straight line as the tend-~
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ency toward deviation from g strmght line is.

substantially due to variations from substantial.
linearity in the concave portions of the two curves

from which the net force curve is derived. Near

the horizontal axis where the departure from

substantial linearity is significant, the magni-

tudes of the ordinates of each of the original -
curves are small, whereas the magnitudes of the
ordinates of the force curve on the opposite side

of the horizontal axis at such points is a maxi-
mum. - The resulting variaitons from linearity

will therefore be small thmughout the entlre

curve 34.

- On release the operation will be as indicated by

the portion of the curves on the right-hand side
of Fig. 2 where the decline in the current in

winding 9 is represented by line 22, the corre- -

sponding decline in the force generated by wind-
ing 9 is represented by line 25, the change in net
current in the windings (0 and 14 combined is
represented by line 35, the final constant cur-
rent in the biasing winding by line 36, corre-

sponding to line 30, the decline in the combined

force. exerted by windings 0 and (4 is repre-
sented by line 37T and the final net force by
winding 10 alone is represented by line 38 which
corresponds to line 3i. The resultant force of
the three windings during the decay of the cur-

rent in the line 15—16 is indicated by the dotted

line 40 which is also symmetrical about the hori-
zontal axis representing zero force and is sub-
stantially straight.

It is particularly pointed out that in the case
of a relay such as that shown in Fig. 2 when dis-
posed so that the forces required to move the
armature in each direction are not unbalanced by
oravity, forces of the same magnitude above and
helow the horizontal axis will be required to ac-

tuate the armature in the two directions, respec-

tively. The total duration of any closure of con-
tacte 5 and T will be measured by the horizontal
distance between some point on curve 34 above
the horizontal axis and a point in a correspond-
ing position on curve 40 below the horizontal
aXis.

Whatever the position of the operating
' point on the upper portion of curve 34, the dis-
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6
be eﬂ'eeted by a permanent magnet or other
means. . |

It w111 be obvmus that ether configurations are
possible for the magnetic structure of the relay
and some of these may be preferable as regards
reduction of magnetic coupling between the part
subjected only to magnetomotive force resulting
from flow of line current and the part in which
the magnetomotive force results from currents in
the baising winding and a line Wmdmg

What is claimed is: --
- 1. A neutral eleetromagnetle relay, centacts |

~ on said relay, a line connected to said relay, said
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‘tances measured horizontally to the correspond- -

ing point on the lower portion of curve 40 will be
equal whatever the slope of the current curve as
long as the wave shapes are the same for build-

contacts 5—71, or of all possible marking inter-
vals;, will be unaffected by variations in the slope
of the current wave for build-up and decay. It
is therefore unnecessary to adjust the relay of
the present invention for signal curves of differ-
ing slr_)pes as is the case 1n the ordmary neutral
relay.’ |

In the foregemg explan&tlon a strelght line
characteristic has been assumed for current
build-up and decay for reasons of simplicity and
clarity. It will be found that analysis of the ac-
tion of the relay with other wave shapes, as for

| 50
up and decay. The duration of the closure of
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instance a sine wave, will yield the same conclu-

smns

As an illustration of another conﬁguratlon
h&vmg the advantage of eliminating magnetic
coupling between the two branches of the mag-
netic path, the core might be formed of two U-
shaped elements arranged substantially as a W
and having a horizontal armature pivoted at the

‘center of the armature and at the top of the

junction of the middle legs of the core,
It is pointed out that the biasing effected

through the circuit connected to winding (0 may
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relay responsive to current and no-current pulses
impressed on said relay through said line, said
current pulses of substantially uniform duration

‘but differing in their rates of build-up and decay

for different pulses at various times, and means
included in said relay comprising a line winding,
biasing means of constant unchanging force and
effect, independent of the transitions between
said pulses and a counter-biasing winding all
cooperating to provide constant duration of clo-
sure of said contacts notwithstanding said dif-
fering rates, to preclude the necessity for adjust-
ing said relay, said line winding, said counter-
biasing winding and said line all being connected
in series, the effect of current in said counter-
biasing winding opposing the effect of said bias-

ing means, and equalling the effect of said bias-

ing means when said current pulse is at full am-
plitude, said line winding and said counter bias-
ing winding of such relative sizes and so disposed
as to produce equal and aiding effects.

- 2. A relay in accordance with claim 1, said re-
lay having a substantially U-shaped core, an ar-~
mature having one end secured at the middle of
the base of said core, said armature having a free
end projecting through the opening between the
arms of said core, said line winding mounted on
sald core to one side of said armature and said
biasing means and said counter-biasing winding
both mounted on said core on the opposite side
of said armature from said line winding.

- 3. A neutral relay subject to the application of
current and no-current pulses of substantially
constant duration but of differing rates of build-
up and decay, said relay including means for au-
tomatically compensating for said differing rates,
so as to afford operated intervals of uniform du-
ration, to preclude the necessity for adjustments,
said means comprising an operating winding gnd
a counter-biasing winding, each of an equal
number of turns, saild windings connected in se-
ries and in series with an operating circuit, and
a biasing means of constant unchanging force
and effect, independent of said current no-cur-
rent pulses, said biasing means arranged to pro-
duce continuously at all times a force equal to
and opposite from the force generated by said
counter-biasing winding when an applied oper-

ating wave is at full amplitude.

4. A neutral relay having an armature actu-

able to a first and a second position in response

to current and no-current pulses applied to sald
relay, a magnetizable path in said relay compris-~
ing a first and a second arm interconnected by a

- base, said armature having a pivoted end at the
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middle of said base and a free end projecting
between said arms, biasing means on said relay
imposing a constant unchanging biasing force at
all times on said armature, said means actuating
said armature to said first position in response

" to a no-current pulse, a counter-biasing winding

75

on said first arm connected in series with an
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equal operating winding on said second arm, said
armature actuable to said second position in re-
sponse to g current pulse in said operating and
counter-biasing winding, said counter-biasing
winding proportioned and directed to substan-
tially neutralize said biasing means in response to
sald current pulse at full magnitude, and said
operating winding proportioned and directed to
develop a force substantially equal to and oppo-
site from that of said biasing means in response
to said current pulse at full magnitude.

5. A neutral relay having g substantially U-
shaped magnetizable core, an armature hinged at
the middle of the base of said core, g free end on
said armature actuable between a first and a sec-
ond contact, a first magnetizing coil on a first
arm of said core, g second magnetizing coil on a
second arm of said core, on the opposite side of
sald armature from said first arm, said wind-
ings connected in series, an operating line on
which current no-current signal pulses are im-
posed connected in series with said windings, said
windings of equal size and producing when mag-
netized equal meagnetomotive forces, a biasing
element on said relay, independent of said line,
sald element tending to actuate said armature
toward said first contact with a uniform constant
unvarying biasing force at gll times, said bias-
ing force equal and opposed to that developad

by sald second winding when a current pulse in

sald second winding is at full amplitude, said ar-
mature actuable in response to said current pulse
t0 engage sald first contact.

6. A neutral relay having g first and a second
magnetizing winding connected together in series
and in series with an operating circuit, on which
circuit current, no-current signal impulses are
impressed, an armature on said relay, a biasing
winding on said relay, a source of direct-current
voltage local to said relay and independent of
said operating circuit connected at all times to
sald biasing winding, said armature having s
{ree end actuable to engage g5 first contact on
sald relay under the influence of said biasing
winding in response {0 a no-current pulse, said
first and said second windings of equal size, 1o
produce egual electromotive forces when ener-
gized by a current pulse, said first winding dis-
posed on saild relay so as to actuate said armature
to engage a second contact on said relay, opposed
to said first contact, in response to a current
pulse, said second winding at full current am-
plitude having a number of ampere turns equal
to the ampere turns of said kiasing winding, said
second winding disposed on said relay so as to
neutralize the efiect of said biasing winding when
sald current pulse is at full amplitude.

7. A circuit through which direct current, cur-
rent, no-current signal pulses are impressed, a
neutral relay, said relay comprising s magnet-
izable core having a first and a second arm, an
operating magnetizing winding on said first arm,
a counter biasing magnetizing winding on said
second arm, said windings connected in series
and In series with sald circuit, said windings of
an equal number of turns and producing egual
magnetomotive forces in said arms, each of said
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forces increasing from zero magnitude to a mag-
nitude F as said current signal pulse rises from
zero magnitude to full magnitude, an armature
secured to said core.and having g free end pro-
jecting through an opening between said arms,
sald armature actuable between a first and a
second contact on said relay opposed to said free
end of saild armature, a biasing winding on said
second arm, said bhiasing winding connected at
all times to a source of direct current voltage
individual to said biasing winding and independ-
ent of said circuit, said biasing winding produc-
ing at all times a constant magnetomotive force
equal to said force P, said armature actuable
to engage said first contact in response to said
force F produced by said biasing winding at a
first time during the reception of a no-current
pulse, said counter biasing winding wound op-
positely from said biasing winding so that its
magnetomotive force opposes the force of said
biasing winding, the magnetomotive forces of
sald biasing winding and of said counter biasing
winding neutralizing each other when said cur-
rent pulse is at full amplitude, said operating
winding wound in g direction to actuate said ar-
mature to engage said second contact as the
magnitude cf the current rises during the re-
ceptlon of a current pulse. |

6. The method of operation of a neutral re-
lay to afford closed contact intervals of uniform
duration in response to current signal pulses in a

circuit from which said relay receives current,

no-current signal pulses, in which circuit the
current signal pulses are of uniform duration and
amplitude but of differing rates of current in-
crease and of current decay, at different times,
which method comprises: (1) applying a con-
stant uniform biasing first force of magnitude
F' tending to actuate an armature on said relay
toward a first position at all times:; (2) gen-
erating at a first time two other forces simul-
taneously, one of which forces rises from zero to
magnitude I' and is so applied as to counter said

biasing force and the other of which forces rises

irom zero to magnitude F at the same rate as
said counter biasing force and is so applied as to
actuate said armature toward a second position,
opposite from said first position; (3) reducing
at a second time, said two other forces simulta-
neously, and each at the same rate, said rate
the inverse of said generating rate, from mag-
nitude ¥ to zero, while said armature is actuated
to said first position under the influence of said
biasing force.
ROY B. SHANCK.
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